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Migration Studies on Some Selected Commercial Plastics Packaging
Materials for Food Contact Applications

Baldev Raj, R AN, Murthy* N.S. Vuayalakshmi, AR. Indiramma,
Balasuprahmanyam and P, Veerraju

Food Packagrn? and Distribution Engineering Discipline

Central Food Tec

nofogical Research Instifute, MySore-570 013, India

Received 3 August 989; revised 23 May 1990

Commercial plastics materials used for food packaging applications were evaluated by migration tests to assess the suitability for
food packaging. The tests were carried out as per the conditions prescribed by the Bureau of Indian Standards and the Food and
Drug Administration (USA). Most of the tested materials had overall migration values within the specified limits. In case of some
pigmented packaging materials, there was, however, the problem of leaching of colour. The PVC-based materials had the problem
of odour. The uses of stretch blown polyester and PVC bottles appear to be limited to room temperature filling and storage due

to appreciable shrinkage at temperatures greater than 60°C.

In recent years, plastrcs have come to be increasingly used (

in varjous forms suchasfrrrs amrnates rr id and senil- rrg
containers In our_country for food packaging, and

gradually substituting metal and glass contarners Besrdes
many plastic-nased! coatings are used on tin, aluminium, paper
and paperboard contaiers to improve their surface properties.
Although plastics (polymers) themselves are generally inert,
the chemicals used as processing aids and adventitious
impurities such as residual monomérs, catalyst remnants and
such others may also be present in the finished product and
may leach out into the foods during direct contact with the
foad. Indiscriminate use of these plastics may endanger food
hygiene, and in the long run, may lead to health hazards in
vrew of leaching of adtives. Hence their safety evaluation
is of great Importance, a% world ever this has drawn
considrable attention of health organizations, screntrsts
nutritionists and sociologists. Drﬁerent cqunries, Iike USA]
UK" . Japand, and Indiab have laid down
specifications and Code. of manufacture for use of plastics  p
for food contact apolrcatrons and overall migration [imits in
food simulating solvents (FSL) have been specified for the
frnrfhed lastics materials ‘Intended for food contact

applications.

pFn India, qovernment a?encres like Bureau of Indian
Standards (BIS) and Prevention of Food Adulteration (PFA)
Act are for olat!n cde of ractrcehand sgegrfrcatrons for
anumoer adle plastics. In this regard, BIS has laid
down gosrtrve list of constrtuentsﬁ?and s ecifications for

sate use of plastics™? like polyethylene, polyvinyl chloride

*To whom all correspondence should be addressed.
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filmg:

PVC), polystyrene, polypropylene, nylon and ionomer
ponn%ers rny c%/ntact vrerthyﬁ‘)oo%ytuﬁs pharmaceuiticals and
drinking water.

In the present stuay, various TpIastrc nackaging materrals
intended for/or used in varrous ood pac a?m? ap rcatrons
rn our country are assessed for the extent of migration of
adaitives g obal migration tests and the results are renorted
In terms of overall migration values (OMV). Also a Simple
all-glass apparatus deveIoped for this purpose is described.

Materials and Methods

Plastics packaging materials: Various plastics packagrnq
materials used in'the Present study were supplied by differen
food ackagrng material _manu acturers and some were
procured from Converters, These are ¢ assrfred Into foIIovvrn%
roups LIE)P ain films; Po lythenes [nW ensity (LD), h
ensr hr h molecy arvverght I densi
rn)el ar(o; IIgngCI ge%enenac% rcacrdg % ene
lasticl poly vinyl chIorrdeyP él [S)%Ml}i“a er frlmg
extare ms LD H
orange colourea), PET-H N -LD];" Laminate
[HD-lonomer EAA N ronomer PET-LD-
Ionomerand nape- LDP -LD: (¢) Coated materials; Viny
chloride- vrnyI cetate coated aluminium foil (VC- VA
PVDC-coatéd paper and PP wax-coated paper: (d) Rl id
pIastrc containers: 'HD Jars and Jerry_cans, PP Dottles
polystyrene foamed tray (PSt tray), PVC blow molded and

Opele and
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stretch blown hottles (PVC-SB), and PET hottles;

e) Miscellaneous; Flowed-in PV com,oound-lmed crown  COMer

aps (PVC-_crown) and lug caps (PVC-lug).
Following Extraction Methiods were followed

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 27, NOV/DEC 1990
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A)  Extraction cell method:  This method is suitable forand a suifable glass lid to cover the extraction cell dufing

testing single, plain flexible films. A simple.and convenient
all glass extraction cell was deveIoRed for migration tests on
plastic films in our laboratory, The new extraction cell is
shown in Fig. Lang 2. It consists of? lass gp Tex b_eakfr
of 11t capacity provided with 2 pairs of grooves diametrically
oppasite to edch other on the brim, anda 8Iass hanger havmg
narizontal parallel rods, each 8 cm 10ng and 2 cm apa
and joined at both ends to clamp the test sPemmen in suich
a Way that the specimen remains completely submerged in
the Simulating Solvent when the hanger IS placed n the
grooves on the brim of the beaker, and a rectangular glass

o W

Glass Hanger

— )
Beaker

Fig.l. Extraction cell : Individual parts.

Glass Frame

Fig.2. Extraction cell : When assembled.

extraction,

- With this cell, it is 5oossmle {0 expose, af a time, a plain
film of size 334 x 7.5.cm (500 sq.cm, Surface area of hoth
sides) to 1030 ml of the FSL to maintain a rafio of 12 of
S%thfﬁcet area to volume leaving a head space of about 1cm
at the top.

(B) Po%ch method: TS meth?]d Is suitable for testlng
co-extruded films and laminates wnere only one Side need
to be exPosed to FSL. In case of co-extruded and laminate
film materials, since food contact accurs with a particular
surface, pouches (500 ml capacity) wath the food contact layer
af the inner side of the pouch were made by heat sealing and
filled with FSL to get a L1 ratio of volume to surface area.
This wes because i most of the market proaucts, the volyme
to area ratio for 500 ¢ capacity pouches was found to
approach L . _ _

C) Congainer method: Rigid containers were filled to
theirbrimful capacity with FSL and tested. _

Test procedure:  [ne migration test was performed in
quadruplicates exposing about 1000 s, cm. surface are in
each replicate. The sample to be tested (either in extraction
cell or in the pouch or container form) was pre-conditioned
for halfan hour in a constant temperatuire chamber maintained
at the fest tew;serature. Slméiltane%usly, the required amouné
of solvent was pre-heated to the test temperature an
transferred to the extraction cell or pouch or container and
kept at test temperature In a constant temperature chamber
for the stipulated period. At the end of the test period, the
sample was removed, and the extracted solutions ina replicate
(1.e."from two cells) were pooled together, transferred to a
suitable glass container for concentration.

Determination of amount of extractive; The extract
solution in each replicate was concentrated to about 50 ml,
by evaporation or distillation under low heat. The
concentrated solution wes transferred to a clean, tared
platinum or stainless steel dish and further evaporated to
dryness in an oven at 100+5°C, The dish wes cooled for 30
min in a desiccator and the residue was weighed to nearest
0.1 mg. The amount of the extractive obtained was calculated
and expressed as mg/dm2and p.p.m.

Results and Discussion, _ o
Methodology: - Food simulants wath categorization of foods
Soer BIS5 and Food and_Drug Admmlsératlon FDA

fLSJ AJ16I are shown in Taole™L Regarding the tes

conditions, mostly IS test candlitions (40°Cr24 hr;60°C/2 hr
for |-m food types, and 25°C/0.5 hr for n-heptane or 40°C/0.5
hr for n-hexane for food type IV. n-Hexane has since been
discontinue as FSL, and occasionally FDA conditions
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Table 1. Food categorization and food simulating solvents

Specification Food type Food simulating liquid
FDAL . Acidic (pH<6), non-acidic (FH =>5) aqueous products Water (W)

N, Alcoholic beverages (<8% alcohol content 8% alcohol

M. Alcoholic beveraFes >8% alcohol content 50% alcohol

IV. Low moisture oils & fats n-Heptane
BIS5 Same as FDA except for using 3% acetic acid also as a simulant for aqueous acidic products.

Limits: FDA: Variable and depends, on the tlype of food packaging material.

BIS: 10 mg/dm2or 60 p.p.m. for all plastics.

(122°CI2 hr, 66°C/2 hr, 49°C/24 br, 21°C/0.5 hr ) were Used
when relevant IS specifications were not availgble. In the
Table, only the minimum and maximum OMV, irrespective
ofthe test conditions, are shown. Unless indicated otherwise,
test conditions are as per the IS, The studies reported in the
present article were carried out durrn? 1983-

The maximum limits specified by BISIBand FDALBfor
the extractive in overall migratiorf tests with FSL are 10
p%l(rjnmzr(e)s 60 mofkg, and 7./5 mg/dmz (0.5 mg/sq.in.) or 50

heall Iass extractron cell 1‘( ogol and 2) maintains the area
tovqurre ratlo of 1.2 as specifie BSandyre (s extractive
In a replicate which can be oonvenrenty Weighed in an
analytical halance of 01 mg accuracy whereas the cell
specified by 1S5 exiroses only 70 sq. ¢m area of the frIm
micro specimen.to 140 ml of Solvent lZAatrro ) and nee?
microbalance with an accuracy of 10ug which'is not usua%
available in a ?eneral chemrcal |aboralory, Even the FDA
sroegrtéesl, gatgs Ing area of about 180 sq."in. (1161 sq. cm.)
r r

IS su q st Blatrnum dish for weighing of the extractives
where &S the FDA mentians platinumor pyrex rIrIass container
%eg FDA 177.1330) for the same. Inthe present studies, apart 1
rom platinum and glass drshes we also tried stainless steel
(s.8.) dishes. The reproducr llity of weighing in s (lish
equalled that in platinum drsh Whereas oCcasional werrfh
reproducrbrlrtu rob ems which ma perhaps be due to slow
cooIrng rate oTt
and mare time reqUired to reach erTJurlrbrrum were found in
case 0f pyrex glass dishes. Therefore, In our experiments,
s, (lishes wefe used

Migration results; About 40 per cent of the materials
tested were intended for packagrng of aqueous and alcoholic
foods, and the remarnranr 60 per cent were meant for
aC a%mg of edible oils and fats Accordingly, for
convenience, the mrgratron test results are grouped’into two
cate%orres name 1y those for P]ac Kaging 0T aqueous and
tEr TC% olic foods (Table 2) and others for &dible oils and fats

able 3

foods and alcohglic_heverages: Of the mang/ polymeric
materials shown In Table 2, all materials, excépt one PVC

eglass because of owthe mal conductivity - OMV

ackagrnq materialsfor aqueous (acidicand non -acidi

sample [No. 2(A)], had OMV wrthrn specified limits. Highest
values, among those comp ying to rmrts were observed for
PET film [No SIQB )| Nylon &No 5 andN ronomer |aminate
(No.8) In the ra ?eb 28 gdounich ca be,attributed
{0 their highly polar naure an consequent better interaction
wrth and E)enetratron by the FSL water acetic acid, and
aco o n fact Ny jonomer had highest pm values
amonga & agrn%materrals Ont eother hand,

ET bot les No Mn had some
of the | owest alues Wrilch ma be attri uted eir highly
oriented structures due to the s retch blow mouIdrnd PIOCESS,
In feet, the OMV for PET hottles, thou%h reIatrvei/2 \Were
obtarned under the extreme. test condition of 121°C/2 fr
Interestingly, coloured materials were not offered for testrng
for this cate ory of foods,

2. Pag angP materralstor packaging ofedible oils and
fats (Table 3): “Majority of the packaging materials (about
60 pEr cent) tested was rn this category, and the importance
of plastics paokagrgsg materials for packagrn oils ang fats
15 Increasing and easy to recoonrse In thiS category, all the
materials tested had MV within soecrfred limits,_and an
farIurewas ue exclusively to migration of colour [No. 1(B

I, This 15 because |5:9833-1981Bdisqualrties a coloured
pec a?rng material if there Is any vrsrble bleeding or
mrﬁra lon of colour into FSL.
lon and PET had very low OMV, whereas their
Iamrnates with polythenes and jonomer had relativel hrgh

even, when the nylon o PET wes sanawiched bétwe
EI henes [No. 12, 16], perhaps due to penetration of the

SL througrthe nylon or PET layer. Such penetration through
the food cOntact laver in laminates was cnfirmed in case of
the HD-LD-HD E/No 9] film where migration of colour
occurred eventhough the colour Ia}/er was hehind the folod
contact layer LD.” Accordingly, It IS necessary, as also

r uIated in FDA and EEC specifications, that all the layers

udrng adhesives, must also individually conform to the
oo_l graectolrlngosrt ont e i

Dcans still dominate in the high capacity region
and till to-date the same trend con? nue£J In%as of b%t 3!
uptoZIrtrec acity, PVC and PET hottles seem to be the

f
02 hoice hecause ryst? | clear light werdht bottles of superior

characteristics can be producgd by stretch blow moulding



326

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL, 27, NOV/DEC 19%0

Table 2. OMV for food packaging materials intende{i/Efor agueous (vcidic and non-acidiq foods and alcoholic

No. Material Water Frod Simulating liquid 8 or 50%
AA alcohol
1 A LD film {80—5 fun] — — 0.7-0.80
(2 grades (5.2-5.6)
B) LD film [80-5nm] - - 2'&627)6(1
2 A PVC film (27.5Mm] 0.7-128 — —
(5 gracles) (4-754)
B)  PVC hottle [0.650.75 It] 0.4-0.74 0.34-0.7 08
(2 grades) (275) (23-48) 49
C)  PVC-SB hottle (L It) 013031 0.25-0.34 -
(0.8-1.89) (15-204)
D)  PVC crown caps (22)f (12 (4.3)8
E)  PVC lug caps (5.4-6)Hf
3 A PET bottle [05-1 I 0.03-L7 — 0.5-0.6d
(2 gracles) (-109) — (34-42)
B)  PET film (12.5Mnj 09 (4.7) - -
4, PST tray 09 (49 - .
) Nylon film [30Mm] 1415 1519 14-25
(6977) (7.394) (14-12.7)
6. EAAAEO Mm) and 0.308 0609 04-10
EMAA (70Mm] (L4-42) (3.1-4.4) (1851
A Ny/EAA (98 M 0.30.7 07 04-33
(24-4.6) (4.6) (3.0-234)
8 Ny/lonomer (87mm) 1324 4.0-5.6 3368
(89-159) (26-31.1) (21.5-44.8)
9 PP was-coated paper 0.9 - .
i VC-VAAL 0.5d

FSL abbreviations: AA-3% Acetic acid, bin mg/dm*, “values in () are in ppm, ‘3t 49°C/24 t, mg/dm\ ‘at 121°Ci2 h, DA limits are 50 ppm in water

or alcohol eLining distortion observed after migration test, kat 66°C/2 h.

process. As described earlier, there was problem of unpleasant
odour in PYC materjals in this ?_at_ego also. In case of PVC
crown and lug caps [2(D) (E)], lining distortion wes observed
following migration test. _ ,

Among small size rigid containers of 1-2 Lcapacity, PET
and PVC hottles contintie to dominate oil packaging due o
their superior characteristics. However, considerable
shrinkage occurs in both PET and PVIC-SB containers above
60°C, and as a result, their application seems limited to room
tem[Perature f||||ng and storm?.

In case of PVC Bottles, the stretch blown QSB) hottles have
almost replaced the conventional PVC bottleS because of
rediced material re%uwement, superior properties and aB eal
In the former. For xamj)le for same |II_|n% volume, PVC-
SB hottles were ahout 40-50 per cent ligfter. Further, s
described above, the OMV for PVC-SB' hottles are also
relatlvelg low. _ _

It has been a common observation that PVC materials show
a characteristic unpleasant odour. In this study, such odour

was found to persist evenin e rfictlve splutions, and the ?dour
OWes Its origin most probably to the orqan_otm sulphur
c%gggsulﬂds ich are employed as thermal Stabilizers during
P It |s,pe?t|nent {0 stress here that compliance to mlq_ratmn
limits is only one of the requirements in safety evaluation of
food packagmg materials to food contact. Thé other egually
important factor Is conformity to the requirement of food
grade composition which, apart from listing the permitted
djuvants that can be used in making the packaging material,
al50 prescribes the limits for residdial monomers as well as
limits for thelr_m|grat|on_|nto FSL and foods. The plastics
which fall within e‘our\new of sch reguirements are PVC
and co-polymers, polystyrene and co-polymers, nylon and
polé/ac lonitrile. . _ _ _
ased on migration studies made on ?Iastm packaging
materials intended for/used jn food contact apghcaﬂons,
following inferences are made. In general, almost all the
plastics materials tested had OMV within the specified limits.
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Table 3. OMV for food packaging materials
INTENDED FOR EDIBLE OILS AND FATS
No. Material FSL?
H [Hx]
A LD [125 im{ 1.2b&4.1)‘
B) HMHD )_{]50- 00 m]5 0721 (5-16.1)d
C) Yellow MHDEE87.] 0.5 (4.0)d
D) HD Jerry can (5 It] 0.3 (L0
E) Yellow HD Jar [L It') 0.04 (0.0)d
2. Yellow PP hottle [L It] 14 (7.6)d
3 A PVC hottle (0.75 It.]I (]2 grades) 0.1:0.39 (0.8-2.7)
B) PVC-SB hottle [1-2 It 0.05-0.1 (0.26-0.53)
C) PVC-SB hottle [1 It) 0.39 (23
D) PVC crown and lug caps (120-153)"
4, A} PET fdm (12.5% 0.2 61.1)'
B) PET bottles (0.5-1 It] 0.2-03
(2 grades) 0.6-L5)
5 EAA (50pm] and EMAA 1113 (5-6.4)
(70pm] films 18(92)
6. Nylon [30] 01 (05); 0.2 (0.8)f
7. Ny/EAA [98 pm] 25 (17.3); 2.6 (185)f
8 Nyllonomer [87pm] 11 (7.9); 32 (2LLf
9 HD-LD-HD (120137 mj 0.12-0.13 (2.1-56)
10 PET-HD-LD [132pmf( grades) 0.8-22 (53171
1L PET-LD-lonomer 592 pm] 2.2 El?.l;
22 LD-Ny-LD [75pm 21 (171
13 HD-lonomer [100] 17 (10
14 PP wax-coated paper 85
5 PVDC-coated paper 0.3 29)
16 Paper-LD-PET-LD [100 pm] 37 (548)
7 VCVAA 03
B PSttray 2.2 (108)

aFSL: H-heptane, Hx-hexane, bvalues in mg/drf, “values in ? are in ppm,
cht 38°C/0.5 h, ‘at 66°CI2 h, fResults using Hx as FSL, 'Colour leaching
from one orange-red coloured sample.

In some yellow and orange-coloured materials, migration of
colour into ails and n-heptane (fat simulant) was dbserved.
In case of multi-layer films Ifachm of colour from outer Sl.e.
other than the food contact) aYers Is0 pocurred. Therefore,
coloured materials must be'tested for colour migration before
they are considered for food contact applications, Although
mast fof dﬂ]e PVC-based materials hald |0V\fer OMV than TL e
specified limits, there was, In general, unpleasant odour. The
use of stretch-blow moulded Bottles of PVC and PET, with
better functional r%opertles and appeal, seems limited to room

temperature filling and storing due to considerable shrinkage
above 60°C.
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Effect of plastic films contact (polyethylene, polypropylene and hutylated hyaroxy anisole (BHA) and butylated

(BHT) incorporated polyethylene) on the storage stability of refined sunflower ail and qroundnut 0|I s studlied at 37°
(?BA and total carbonyls (Tc) were significantly lesser in the.presence of plastic fi

es Relatively, reduction in the rate of autoxidation was more pronounced in the presence of antioxidant

In peroxide value (PV), thidbarbituric acid

than in control sam

%droxy toluene
The chanPes
Ims

incorporated film. Both butylated hydroxy anisole and butylated hydroxy toluene were found to leach out in vegetable ails during Storage.

PIastlc films and bottles are extensively used for the
aC agtnP of v egetab e oils, fruitjuices and dehydrated foqds.
he qUafity and shelf [ife of the acka?ed foods are ma|nl¥
determined by the barrier properties of the package agains
moisture, oxygen and the Interaction of food constitllents with
the packaging matertal. Though most of the plastic films have
been fourid t0 be almost inerf towards the food constituents,
a small amount of monomeric and oligomeric constituents
or additives used_ in their manufacture to provide them
stability, plasticity and other desirable  functional
characteristics are known to migrate into foods", Though
maximum Jimits of leached out stlbstances for various plastic
materials for food packaging apPhcattons have been laid
downd, the factors determining the rate of migration and
the nfluence of these migrant re3|dues on sensory quality
and stability of foods are not known. In a ‘previous
communicafion, the roIe of pol ethtgene and fnoI%/properne
film contact on the quality ‘and stabil TUit beverages
was reporteds. In th present study, @ ect of plastic film
contact per se on the stability of snflower and groundnut
oils has been reported.,

Ma erials and Methods

Thigbarbituric acid and butylated hydroxy anisole ( BHA)
were from Loba Chemie while butyfated F¥dro toluene
gBHT) and trichloroacetic acid, were from Johnson
nd Slsco Research Lab resRectlver HPLC grade solvents,
methanol, chloroform and hexane Were proctired from MIs
Spectrochem, Bormbay. Sunflower (Flora. brand) and
groundnut oils (Postman brandt were procured from the focal
market and used for storage studies. Polyethylene granules
(10 kg) were treated with "1 per cent (wiw) antioxidant by
Immersing in hexane solution 83 er cent wiw, 3
subsequerttly hexane was allowed 0 evaporate by spre dtng
in _trays. The treated granules were extruded” into films
(/5 pm thickness). Thé concentration of BHT and BHA in

agstlcg)éldaents treated films were 081 and 0.72 per cent
fivel
{0ra etests Samples of refined sunflower and groundnut
0|Is (4009) Were stored in loosely stoppered flasks (500 mI)r
both vnth and without plastic ftlms at 7+ 1°C The ratio 0
oll to film area Was 15 Initig|l enodlcallg the all
samples were analysed for peroxice vaueP thipbarbituric
aC| TBA vaIu total Carbonyl ( Tc7 ledched out BHA
an senson( acoeptance of 0|l by a panel of ten
JU ges on a ning poirit Hedonic scale (9 for excellent and 1
for"totally spoiled) for any change |n colour, smell and
consistenc unn? storafq
An'[IOXI ant ana y3|s infilms and ail:  Treated polyethylene

Was dissolved |nxerne (60 ml) and polymer was
re(:| |tat adding methanol (40 mg he prec ﬁttatewas
|Itered and the filtrdte was evaporated to about 40 u Land

the volume was made 050 ml W|th methanol, Ten ml of this
solution Wes injected into HPLC for determining antioxicant
concentration Using chromatographic conditions described

oW,
The concentration of antioxidants m|grated from film to

OI-IllartVn\?asnn%et%n"ngq v% élssofneg1 ?n 10ml cﬁo%%lrlm %rr]%

this sample was dlrectly |njected into Shimadzu LC-6A HPLC

mobile hase methanol-H2 (90:10); column, Zorbax ODS
25 ¢m X 4.6 mn): detector, varigble wavelength Detector
onitoring Wavelength 277 nm; flow rate, 2 i/mip.
Concentratton of “antioxidants was determined by the

standard OgraEI drawn with known concentrations of standard
BHT and BHa against the area of the peaks.

Results and Discussign

RanC|d|ty resulting from autoxidation of unsaturated fatty
acid ycen s IS the ma or cause of uality deterioration in
vegetale oifs dunn% stor e. The effect of plastic film contact
on'the quality and Stability of sunflower and groundnut oils

de]

328



SHARMA e: al.: PLASTIC FILMS ON THE STABILITY OF OILS

in terms of changes in PV, TBA, Tcand sensory evaluation
by a panel of {)udges are qiven in_ Tables 1and 2. It is
mter_e_stm(ﬁ to obsefve that plastic film contact shghtlY out
significan a/ reduced the rate of autoxication in both Sunflower
and groundnut qil samples durm? storage. The reduction in
the rate of autoxidation wes slightfy more with polypropylene
(PP% than polyethylene (PE) “and_highest with antioxXidant
freated PE. AmonP the two antioxidants tried, the reduction
in rate of autoxidafion wes more pronounced with BHT than
BHA treated film. After 106 days storagie at 31°C. the PV
of stored sunflower oil were 3180; 246.2, 1658 and 250.7 with
PE, PE O(BHA), PE ABH and PP films resPectlver &
compared to 384.0 of the control sample stored without plastic
film contact. The changes in TBA and total carbonyls also

followed the same pattem. N
The changes in groundnut oil also followed similar pattern
but as expected the rate of increase was considerably smaller
as compared to sunflower oil. After 105 cays storagg, the PV
of control groundnut il sample wes 9.7 as compared to 829,
69.9, 54.87and 76.5 of samples stored with PE, PE (BI_-IA?,
PE (BHT) and PP films respectively which clearly indicafe
the retar ator}/ effect of plastic films on the autoxidative
degradaﬂon of vegetable ils. After 106 days of storage, the
odour scores of sunflower oil samgles treated with BHA and
T films were 5.8£0.5 and 6.5+0.4 as compared 10

4.1 £0.6 for control sample. In case of stored groundnut oil

after 106 days storage, the corresponding odourscores were
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6.1 £0.3 and 6.9+0.5 for BHA and BHT film treated samples
and 5.00.3 for control sample. .

The. concentrations of leached out antjoxidants from
antioxjcant treated films into oil are given in Tables 1 and
2. It s interesting to observe that the rate of extraction of
antioxidants in vegetable oils depended both on the nature
of oil and the antioidant, The rate of extraction of hoth BHA
and BHT was conmderab# greater in sunflower oil than in

roundnut oil and BHT migrated slightly more than BHA.

| %e9 has, reported that” migration fanﬂomdan%s in
vegetable oils dlepended on the nature and thickness of films
method of fabrication, Storage temperature and duration and
the nature of oils and antioxjdants, The oils having lower
viscosity and lower solidification points are known to'extract
higher “concentration of antioxidants and other plastic
aditives. A decrease in viscosity is known to Increase the
solvatlrE action of organic solvents. Slightly higher extraction
of BHA and BHT in sunflower oil thari groundnut oil is
therefore in conformity with the published results.

Also, migration of “antioxidants from the films to oils
continued dring the entire storage period thou%h at a slightly
lower rate uring the later stages ofstora%e. Infhe oil samples
stored with commercially produced PE and PP films, no
antioxioant could be detected by the analytical method
followed in the present study. Commercially Irganox and
lonox, complex high moleCular weight compaunds, are
employed as antioxidants for stabilization of PE and PP fils.

Table 1. Effect of plastic film (with and without antioxidant treatment) on the storage stability of

SUNFLOWER OIL AT 37°C
Storage TBA Total carbonYI Antioxidant
periog Storage PV (mg malonaldehyde/ (mg hexanal/ present in
(days) system 'meq 0;/kg fat) kg fat) 100 g ail) ail (ppm)
0 144 + 007 019 + 001 2.06 + 001 -
il Qil alone 399 + 01 0.39 + 0.00 1376 + 0.5 -
il + PE 34+ 27 031 + Q01 281 +0.39 —
Qil + PE (BHA 31+ 25 0.33 + 0.4 12.27 + 0.03 210
Qil + PE EBHT} AL+ 21 0.28 + 001 1218+ 010 310
Qil + PP %671t 12 031 + 0.00 131 + 008 -
42 Qil alone B7+21 052 + 001 3088 £ 0.8 -
il + PE 911 + 08 049 + 001 3056 + 0.77 —
Qil + PE (BHA 753+ 02 0.39 + 0.00 3156 + 0.08 50
Oil + PE EBHT} 705 + 04 030 + 001 24.36 + 007 780
Qil + PP 907+ 12 0.40 £ 0.00 26.32 £ 0.34 -
10 Qil alone 1429 + 06 2.03 +0.02 4490 + 106 —
Oil + PE 1429 + 08 2.24 + 0.06 46.07 £ 069 —
Qil + PE (BHA 1294 + 08 2.04 + 0.05 4144 + 059 88.0
Qil + PE EBHT)) 1068 + 34 182 + 0.06 3758 + 0.78 920
Qil + PP 1274 £ 06 211 £ 003 4786 + 003 —
105 Qil alone 3839 + 137 915 + 007 93.08 + 103 -
Qil + PE 3180 + 225 531 4001 6316 + 333 —
Qil + PE (BHA 6.2 + 28 391 + 003 49.45 + 0.64 900
Oil + PE EBHT} 1653 + 0.6 211 + 001 3931 + 052 9.0
il + PP 207 + 104 480 + 007 64.73 + 0.04 —
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Table 2. Effect of plastic film (with and without antioxidant treatment) on the storage stability of
GROUNDNUT OIL AT 37°C
Storage TBA Total carbonyls Antioxidant
perio Storage PV (mg malonaldelyde/ (mg hexanal/ in ol
(days) system (meq 0,/kg fat) kg fat) 100 g ail) (ppm)
0 71+ 09 013 + 001, 083 + 0.04
yil Qil alone 247 + 00 028 + 001 203 - 004 -
il + PE 212 + 10 026 + 000 2,06 - 004 -
Qil + PE (BHA 87+ 29 019 + 001 164 + 0.06 200
Qil + PE (BHT 194 + 03 017 + 002 107 + 001 210
Qil + PP 205 + 04 019 + 0.00 2.03 + 007 —
iy} Qil alone 363+ 36 042 + 001 872 + 012 -
Qil + PE 3H8 £ 06 045 + 001 870 + 006 -
Qil + PE (BHA 304 + 15 040 + 0.00 778 + 02 470
Qil + PE (BHT 284 + 10 040 + 001 6.98 + 008 50.0
Qil + PP 349 + 16 045 + 003 801 + 0.37 -
70 Qil alone 757+ 01 141 + 001 1517 + 0.26 -
Qil + PE 659 + 04 124 + 007 1622 + 0.33 :
Qil + PE (BHA 708 + 23 121 + 001 1726 + 0.05 610
Qil + PE (BHT 5.7 + 31 091 + 0.09 12371 + 071 66.0
Qil + PP 69.2 + 14 110 + 001 1718 + 0.26 —
105 Qil alone 9.7 + 51 249 + 001 26.33 + 0.48 -
Qil + PE 829 + 37 2.02 +0.07 2150 + 01 .
Qil + PE EBHA} 699 + 14 164 + 001 1998 + 0.06 68.0
Qil + PE (BHT 548 + 18 142 + 035 1328 + 109 70.0
Qil + PP 763 + 01 198 + 0.07 2010 + 0.37 -

o s DB ool o I ey
X | | |
BE ﬂ?ms. Neéilggba{e concentrations o? IeacWedOVgut antl-
oxidants from commercially available PE and PP films are
therefore in conformity with the previous studiesl)

It has been reported” that the rate of migration is quite
hlqh from PP and PE films which swell rapidly in contact
with vegetable oils and organic solvents as compared to rigid
PVC films which exhibit ne%hglble swelling. Niebergall and
Hartmann8have also reported very rapid migration of ant-
oxidants in vegetable oils and ground spices having large
Bercentage of gromatic ails. Tholigh no systematic st_ud¥_ hias

een reported In the literature on'the effect of plastic Tilms
leached out substances on the stability of ve([Jet_ ble alls, the
%eneflm | effects of |rhcorpor3tmg ?(nuomd%gs n the film og
the stability ot potato chips and quacker oats have been reporte
Prewously]Z xperiments conducted earlier have revealed
0ss of BFIA as a result of migration to atmosphere as well
as to food 3 In the present stlidy also, the concentration of

BHA and BHT in the film tended to decrease during storage.
Alsp, the BHT treated films_ tended to heconie yellow
Indicating further interaction of BHT with film constituents
or with oxggen. -

Itis evident from the above study that stabili ofve%etable
0ils packed In ﬁlas_nc films is governed by not only the Darrier
Bropertles ofthe film (ox(){ge transmission rate of the fl|m32

ut also by the nature and extent of leached out antioxidant

from the films which seem to exhibit stabilizing effect oh the
stored il against aytoxicative degradatmn of ve%etabl_e oils
and conseqtiently the rancidity development which is the
major cause of Spoilage during storage.
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Studies were carried out to determine the shelf-life of bran and its possible improvement by suitable processing. Inactivation of
the lipolytic enzyme system in bran was achieved when bran was toasted at 175°C for 40 min. Toasting resulted in inactivation
of lipase by 40%, of lipoxidase by 100% and of protease by 50%. Storage trials were conducted with samples of untoasted and
toasted bran packed in polypropylene pouches (37\i thick film). The fat acidity increased from 35 to 1750 mg KOH/100 g in raw
bran stored at 27°C for 105 days whereas the increase was negligible in heat stabilised bran. The peroxide value increased from
0 to 63 and 132 meg/kg oil in toasted and raw bran respectively, during the storage period. Untoasted raw bran developed rancid
taste within 20 days, whereas a rancid flavour became perceptible in toasted bran only after 90 days.

. Wheat bran forms an important by-produict of flour milling
industry and about 15-20 per cent of the wheat is normaIIY
recovered as bran, during commercial milling of wheat. It
Is mainly used as a cattle feed either as sych or in
formulations, However, with the recent information on the
beneficial effects of dietary fibre in preventing certain diet
related diseases1? its,use in food products, &artmularly in
bakery products, has increased considerably34. Wheat bran
15 likely to have a poor shelf life as it is rich in enzymesb
which are present in the aleurone layer, which forms a %art
of commercial wheat bran. This necessitates a stuay of shelf
life of wheat bran, as there may be a time gap” between
separation. of bran and its utilization in food proqucts.
Published information on the storage life of commercial bran
Is scanty. Therefore, stucies were tindertaken on the shelf ife
of bran and 1t possible improvement, the results of which
are presented in this paper.

Materials and Methods _

Coarse  bran use? in this studK was obtained from a
commercial roller tlour mill. Bran was sieved througn 60
mesh. sleve to remove finer endosperm and bran parficles.
Toasting of bran wes carried out by spreading 500 g of bran
in an enamel tray of size 40 x 60°cm and héating In an air
circylation Qen Set af different temperatures (130-200°C) for
varying periods (15-120 min.). The optimum period, that is
thetinte required to heat the bran before, the colour changes
to dark brown was determined b Prehmmary trials, The
toasted hran was then cooled and stored in an air-tight tin
container for use in different studies. ,

Raw as well s stabilized bran samples were packed in 37
m|cr%g,au e polypropylene pouches of size 12  18¢m and
storedin two incubators maintained at 27°C and 40°C. The
stored samples were withdrawn at suitable intervals and

analysed for moisture, free fatty acids, and peroxide value.
The orgfan_ole_ptlc quality of stredbran was assessed by a
panel of six judges. _ _

The moistire, ether extractives, crude fibre, total ash and
free fatty acids were, determined using standard. AOAC
methodsb. Cruae protein (N x 6.25) was_determined by the
micro-Kjeldclil ‘method.” Lipase activity of bran” was
determined by the method of Kanéharaj rs et al. 7and the
protease act ity wes determined by a standard AACC
Prroc_edurea All the experiments Were carried out in

Iplicate.
Eip_oxydase activig was determined by the method
described by Tappeld, with modification _suggested by
AxelrodD) Five g sample was extracted with 25 ml of
50 mM sodium phasphate buffer (pH 68) for 30 min ina
cold room (4°C). The extract obtained by centrifuging at
10,000 r.&).m. wes used In this assa)( _
The hydroperoxide formed by reacting 20 ml of the dilute
enzyme (L in Sdilution) with the substrate viz,, linoleic acid
of concentrations 20 mM in a buffer solution (0.96 ml of pH
68) Is measured at a vvave_len%th of 234 nmon asPectro-
photometer, The Increase in the absorbance ratio_ In one
minute of reaction time was calculated from.the straight line
obtained_from the initial velocity of tiie curve. Then the
activity for 100 ? sample was calculated and expressed as
units/100 g sample,

Results and Discussion. . _ _y
The proximate composition of commercial bran used in this
study. (Table 1) is within the range of values reportedll
Toasting of bran as expected only Teduced the moisture fo
12 per cent and the other values remained almost similar
when expressed on equi-moisture basis, The fat acidity of
fresh bran was found to be 34.9 mg KOH/100 g sample which
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Table 1. Proximate composition of commercial bran

Constituent Level (%)

Moisture 9.85

Total ash 518

Crude protein (N x 6.25) 3P

Ether extractives 3.26

Crude fibre _ 1215

Total carbohydrates |_ﬁby diff.) 55.84

Fat acidity (mg KOH) 34.90

slightly increased to 37.1 mg KOH/100 g sample on toasting
at 1/5°C for 40 min.

The optimum period of toasting evidently decreased from
120 min fo just 15 min when thé toasting temperature was

increased from 130°C to 200°C. The optimum periqd_of

toasting was 120, 60, 40 and 15 min at temperatures of BO,
150, 175 and 200°C respectively, _

Effect oftoasting bran on the enzyme activity: Llpase and
roteolytic activities of bran toasted at giifferent temperatures
Fig. 1) indicated that maximum inactivition of these enzymes

occurred when the toasting was done at 12°C. However, the
extent of inactivation was found to e only 40 and 50 per cent
,respe_ctlv_elx of lipase and protease gT le 2). This_partial
Inactivation even at these higher temperatures might be

4

H300 ¢
017
=~ Jioo I O

—

-
=

(ml of 049 N NaOH)—x—
o o~

Lipase activity

1

o35 Ts0 170 190 210
Toast temperature (°C)

Fig.. Heat treatment and lipase and protease activity of bran.

Table 2. Effect of toasting bran at optimum condi-

tions* ON THE ENZYME ACTIVITY AND MICROBIAL LOAD

Level™ . Inactivation
Enzyme Raw Toasted (%)
Lipase 6.0 36 40
(ml of 0.1 N NaOH)
Lipoxidase 750 0 100
(units/ml)
Protease 240 120 50
(mg N2)/2 hr at 45°C)
Microbial count 21 x 18 10x 18 524

t & 175°C for 40 min., Expressed on 14% moisture basis.

possibly due to dry nature of heat treatment. Similar Parual
and lower inactivation of lipase and protease on toas mg of
wheat germ wes reported by Haridas Rao et a). 12 Toasting
at highier temperatures of 200°C resulted in a lesser degred
of indctivation, Since gptimum toa_stln? time was only 5min,
Further, increase in time of toastmg 0 enhance thé enzyme
Inactivation darkened the colour of bran. Lipoxidase activity,
however, was completely inactivated durln? toasting at any
temperafure studied, except that at h|ghes temperature of
200°C (qu.s/Z) at which there remained Some residual activity
0f 250 units/100 g as compared to 750 units/100 ¢ observed
for untreated bran (Table %? _

Considering the duration of toasting and the extent of
enzyme Inactivation, foasting of bran at 175°C for 35-40 min
Was considered as optimum for stabilizing wheat bran, Durin
the heaAtre fment. It obierved that otal microbial coun
\évasre uced to L0 X 103to 2.1 X 103colonies/g in Untreate

fan,

Changes in the_quality characteristics during storage of
bran moisture;  The moisture content of storea bran g(Flg.
32 indicated 2 to 3 per cent increase, when toasted bran was
stored for 140 days. The extent of increase evidently was more

0.7
1
B 0.6
- N ¥
2
/ 3
- Jo2
B
——"l"/l-/_—l_‘———l——/_‘o
0 04 0-8 1.2 16 2.0

Reaction time (min)

Fig.2. Heat treatment on the lipoxidase activity. _
Toasting conditions 1-130°C for 120 min. 2-150°C for 60 min. 3-175°C
for 40 min. 4-200°C for 15 min,

Raw -27°%
Raw - 40°C
Toasted-27°C
Toasted-40°C

o
T
oben

Moisture,%
o)

1 1
n 25 50 75 100 125 150

. Storage period (days)
Fig.3. Heat treatment of bran on the moisture pick up during storage.
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in bran stored at room temperature 627°C) as compared_to
that stored at higher temperature (40°C), due to lower RH
In the later case.”Since the initial moisture in untreated bran
was higher (9.9 per cent), a loss of about 4 per cent moisture
was observed when the'same was stored at 40°C. However,
there was hardly any. chan?e in moisture when raw bran was
stored at 27°C. This indicated that the raw bran was in equili-
brium with atmospheric RH ranging from 65-70 per Cent.
The changes in the fat acidity during storaqe of bran_for
140 days aré depicted | rn Fr 4 There as onlly a marginal
Increase in the,acidi 100 ) in'tgasted oran
when stored either a 7°C or 40C Hovigver, in the case
of untreated bran, fat acidity increased considerably from 35
to 168./5 mg KOH100 g whien bran was stored at 40°C, while
it increasecfto 1425 mg KOH/100 g in bran stored at 27°C
Hovvever the maximum values for acidity (180 mg KOH/
Y vaetre observed mucth eatrlrer Inthe case 10(;5 bran stored
It was observed at a storage period 0
qtttat stored a 40 C, peaﬁ vafue vgasp lr)served at gsyaays o%
stora
In ?oasted bran, the peroxide value increased %radually with
storage while I untreated raw bran, It increased rapi Y gto
a certain period and then decreased with further stor

(Fig. 5). Similar to acidity, the increase in peroxide val ue

Was also much greater in"Untreated raw bran as compared  40°C

fo toasted bran. In untreated bran }hg eroxrde value
Increased from 0 o over 145 meg/ gor urin
storage, while it increased only to 52 meg/kg orI for toasted

200}
175}
150}
. © Raw-27 °C
o 175 ® Raw-40 °C
€ O Treated-27°
- A - 0,
> 100k Treated-40°C
o
(3]
<< 75 |-
50
25}
1 1 1 [l

1
0 25 50 75

storoge period (days)
Fig.4. Changes in acidity during storage of heat treated bran.

100 125 150

125 days of
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bran durrnri the same period of storage, The increase in
oeroxrde ValUe s (a5 ex ectedz higher When stored at 40°C
han when stored in27°C in both raw and toasted bran. The
maxrmum value of peroxide was reached in 90 days of storage

at 4Q°C inuntreated bran whereas in toasted bran'it continuéd
to increase over a storage period of 140 days,

Sensory quality; The ordanoleptrc quality of stored bran
|sgirven In Table 3 At 27°C. the raw untreated bran developed
a S rght rancrd taste at 25 days of storage while the toasted
brandid not show any rancid taste upto™90 days of storao
Flt%rcrd taste became perceptrble In toasted bran stored Tor

Off- stvour was developed much earlier when either toasted
or ntreated branjwasshore atprdPFr te pratur)e of 40°C
estudres Indicate that the snef life of wheat bran, could
e rmprove ﬁ/toastrng ToastrnP at 175°C for 25 min wes
found'to be the optimum for stabilization of bran and it
resuIted inthe rnactrvatron of lipase by 40 per cent, of protease
0'per cent and of lipoxicase by 100 per cent.” The extent
o rnactrvatron of these enzymes wes less at the hrghest
toasting temperature (200°C) mplored Stapilised bran Could
be stored for 90 days at 27°C, while the safe storage (oerro
for untreated raw bran at that tem erature Was on Iy
as compared 0 that stored at 27 The safe sto ae Irf at
vvason)ﬁ 0 dlays for raw and toaSted bran
respectivel tedeIayed development of rancidity In toasted
bran was dlso indicated by the slower rate of i rncrease of fat
acidity as well as peroxide value during storage.
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Table 3. Organoleptic quality of stored bran

Quality at indicated storage period (days)

2 2 30 60 90 120 150

N + + ++ tHE HHEE
+ +4 HHE . — — —

N N N N N + +
N N N N + + ++

7. Kantharaj Urs M Bains G Sand Bhatia D S, Triacetin as substrate for
peanut lipase, Sci Culture, 1962, 28, 581,

Storage

Treatment tem

(°C§) 10 5
Nil 20 N N

40 N N
Toasted* 2 N N

40 N N
N — Normal, + — Slightly rancid, +H— Rancid, ++ H----highly rancid, ++++ — highly rancid and bitter.
References _ S

L Burkitt D P Walker A R P and Painter N S, Dietary fibre, its role for

2
3
4,
5

diabetics, J Am med Assoc, 1974, 229, 1068.

: Leilge%leﬁ %,4 The importance of dietary fibre in food, Baker's Dig,
. Pomeranz Y Shogren M D and Finney K F, White wheat bran and

brewers spent grains in high fibre bread, Baker's Dig, 1976, 50, 3b.
Satin M McKeown B and Findlay, Design of commercial natural fibre
white bread, Cereal Fd WId, 1978, 23, 676.

. Ziegler E and Greer E N, Principles of Milling, in Wheat Chemistr){

and Technology by Pomeranz Y. Ed, American Association of Cered
Chemists, St. Paul Minnesota, USA 1978, Vol 3,

6. Official Methods of Analysis, Association of Official Agricultural

Chemists, Washington DC 1976, 11th Edin.

8 Cereal Laboratory Methods, American Association of Cereal Chemists,
St. Paul, Minnesota, USA, 1969, 7th Edn.

9. Tappel A L, Lipoxydase, Methods in Enzymolog?i,_ 1962, 5, 539.

10 Axelrod B Chesshorough T M and Laakso S, Lipoxygenase from
soyabean, Methods in Enzymology, 1981, 71, 441 "~

1L Kent-Jones D W and Amos A J E, Modem Cereal Chemistry, Food
Trade Press Ltd, London 1%, 6th Edn.

12 Haridas Rao P Kumar G V Ran?a Rao G C P and Shurpalekar SR
Studies on stabilization of whea germ. Lebensmit-Wiss Technol, 1980

13 302



J. FlL Sei. TechnoL, 1990, Vol. 27, No. 5, 336-339

Studies on Different Methods of Extriaction of Betalaines

from Red Beet (Beta vu

garis)
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In the search for natural pigments to replace artificial dyes in food preparations, the pigments of red beet (Beta vulgaris) appear
to be very promising. The principal red pigment betanine might be considered as a food colourant and accounts for about 75 -
90% of the total betacyanine content of beet. In this study, the pigment recovery efficiencies by different methods of extraction
like diffusion extraction in single column and multiple columns and by hydradie pressing at the laboratory level are compared.

Recent restrictions in the use of artificial food dyes have
prompted extensive research into natural pigments as sitable
substitutes, The red heet O(Beta vulgarls i5 of interest as a
natural red pigment since aehydrated beet (best powder) and
veg_et_able +U|ce/concentrates are permanently listed as colour
adaitives Tor food use under the FDA 1960 Colour Additive
Amendment and thus need not %o_ through- certification
procedures'. Beet root colour consists of Ted and yellow
quaternaryrammomum amino acid pigments of the befalaine
cIassZ§4 'he betalaines are water soluble and r%paragmn
of crude p|F9m_e_nt extracts 1s, therefore, primarily based on
solubility. Purification and separation of individual pigments
can be accomplished bX electrophoretich chromato%raph|c67
and extractive fractionationd techniques at the laboratory
level. Since the yield of purified pigment is low, suitable
methods_have to"be found for large-scale extraction and
purification of these pigments.

In this paper, a comgarjson has been made of the presently
used methods of extraction. _

Beet pigments: _The betalaines consist of both. red and
ellow pigments. The red pigments are betacyanines and
he yellow p|%ments_ are hetaxanthines. The major betacyaning
and betaxanthine pigments of beet root are hetanine z{ max
535 - 540 nm) and vuI%axanthme-I SAmax 476 - 478 nm)
respectively. Of the Detacyaning content of beet root,
5-% Per cent consists of Detanine. The ratio between red
and yellow tg)lgments determines the hue_ of the pigment
extract. High values of plgiment concentration as compared
to anthocyanin c%ntalnmg plants anéi hl?h yields Q/er acre make
the beet a valuable source of food colodrant eventnough its
chemical properties restrict application to some foods9)

Analysis ofpigments: - The spectrophotometric method of
Nilsson" directly determines the betacyaning and
hetaxanthing pigments In beet root without initidl separation.
The extinction Values (E,1™) of betanine and vulgaxanthine-|
are 1120 and 750 at their respective absorption maxima.

For estimation of the p|Pments in beet pulp, 25 g of a
representative samBI_e was blended with the extracting Solvent
cltric acic - ascorbic acid mixture) and made up to"250 ml,

ne ml of the extract was diluted to 10ml and absorbance
was measured at 540 nm and 480 nm in one cm cells,

Xy 20, _100-

Per cent betacyanines ~ti %X T X112
Per cent vulgaxanthines - -7\5% X 22550x 1%): YI15

Where X and Y are corrected absorptions of hetanine and
vulgaxanthine respectively as described by Wiley et al2

or estimation of thé pigments in Various extracts,
ap%roprlat_e dilution fators were, used.

plimising ofprocessmq conditions: It was observed that
the red colour of raw heel extracts was unstable. This may
be attributed mainly to the polyphenolase enzymes present
In raw beetB34 Steam-blanchirig was carried out to destroy
the enzymes. In order to ensure maximum stabllltly of the
product, it was necessary to optimise the blanching
conditions, since excessive steaming would result in
degradation of the E| ment. Betalairies are most stable
between pH 4.0 and 5,05 Hence a solution containing 0.05
per cent citric acid and Q.01 per cent ascorhic acid in‘water
Was, used as the extracting solvent and compared against
distilled water control.

Materials and Methods ,
Red beet (Beta vulgaris) obtained locally and known in the
trade as _Ban?alore variety was used I the studies.
BIanchm? stuclies:  Four kg separate lots of whole and cut
beet were blanched at 100°C tsing _o?en steam in  retort for
5,.100r 20 min, cooled and immediately pulped using a frut
mill. Pigment content in representative samples wes estimated
using séparately distilled water and citric acid - ascorbic acid

*Present address:  Ceylon Institute of Scientific and Industrial Research, 363, Baudhaloka Mawatha, Colombo 7, Sri Lanka.

336



ABEYSEKERE et al.: EXTRACTION OF BETALAINE FROM RED BEET

mixture as solvents. Pigment stability in the extracts was
monitored at 25°C (room temperature) and 6°C.

Extraction studies: Pulped beet from the 10 min blanched
(cut) lot and room temperature extraction with citric acid —
ascorbic acid mixture were employed in all the extraction
trials. The following methods of extraction were evaluated
in laboratory experiments. Progress of recovery of pigments
and soluble’ solids (*Brix) in Grained/filtered extracts wes
monitored at intervals till equilibrium was reached.,

1 Effect of contact time with stirring: Beet pulp (300 g)
wastlsepet\_rate(ljy mixed with 300 And 600"ml solvent and kept

ently stirred.

: 2 yEﬂectofcon_tact time without stirring; Beet pulp (300 ga
wes separately mixed withh 300 and 600 ml Solvent ar
allowed to sogk.

3 Bxtraction insingle columns;  Beet pul §150geach
was packed in 5 columns (4 cm diameter ana 30 ¢ long
and contact time with solvent (150 ml) was varied. Draind
extracts were analysed., _

. Multiple cofumn extraction: Beet pulp (150 g each)
was packed in 5 columns as above. A 150 ml of solvent was
addled to,colump Land allowed to soak for 30 min. The extract
was drained off, its volume ad+usted to 150 ml with fresh
solvent, and aclded to column 2. The extract wes again drained
off after 30 min soaking, adjusted to 150 ml volunie with fresh
solvent and added to column 3. This procecure was repeated
for 5 columns. Brix and pigment content were monitored at
every stage. This may be cansidered as the first cycle of
extraction of building” up solids and pigment from column
1through column 5. Three more stch Cycles were repeated
using fiesh solvent for the first columpi.

5.” Extraction bypressing;. Beet pulp (1 kg) was pressed
out using a laoratory hyaratllic press, The press cake ﬁ300 gg
was mixed with an equal quantity of fresh solvent, allowe
to equilibrate, for 30 min and pressed again. A third press
was also similarly made,

Results and Discussion _ _
Blanching studies: Beet with treatment of 10 min
blanching (Cut) showed the highest pigment content. Samples
of the 8qu extracts (at an Bffectivé concentration of 1
pulp/200 mi extracg from whol t|;>eet53nd10mm blanche
and, cut heet 10dnd 20 min blanched and whole control
(unblanched) were stored at 6°C and at 25°C and the
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ahsorbance determined after 3 and 6 days. It was observed
that all the extracts in_distilled water had completely
decolourised in 3 cays at 25°C while at 6°C the pigment was
lost at a consicerable rate of 122, 125, 187, 21 and 16.3 per
cent, for whole beet 5 and 10 min blanching, and cut beet
10and 20 min blanching and whole unblanched respectively.
However in cﬂnﬁ acid ™ ascarhic acid mixture, the loss of
pigment was smaller for 25°C (biy o(-8 per cent) and 6°C
(}?y pall Per cent) storage. The retentions of red pigment for
the five treatments (as'in the above order) in citric acid —
ascorbic acid solution were 560, 82.5, 813 87.5 and 5L0 per
cent for 6°C and 510, 700, 560, 60.4 and 36.7 per cent for
25°C storage, respectively. It can be concluded that citric acid-
ascorbic acid mixture was  better solvent for extraction and
pigment stability and that the optimum blanchma time was
min, with the'beet being cut before blanchm?. eet should
be hlanched immediately after cutting as nearfy 20 per cent
of the pigments had got destroyed Tn one hour from cut
unblanched beeté= . .
Extraction studies: For extraction by soaking in solvent
constant Brix values (6° and 4° Br,nﬁ) Were attained after 30
min of soaking poth with and without stirring (Table L)
Pigment recoveries were better without stlrrlng (78 and
?|er cent) as against stirred extraction (55.6 and 66.7 per cent)
or matgrial t0 solvent ratios of 11 and 12 respectwel)(). The
lower pigment recovery in stirred extraction can possioly be
attributedl to the oxy(I;en sensitivity of the betalaines, "
. In the case of singfe colymn extraction also egumbnum
in brix value (7°) was attaned m 30 min and 50 per cent
of betacyanines could be extracted with pulp to solvent ratio

The progressive build-up of pigments,and soluble solids
brix valug) in multiple column extraction is Bresented n
able 2. Maximum levels reached were 0.6, m? etac¥an|nes

per ml of the extract and 10° Brix for the first extracts from

tCﬁlumpt 3 and 4 respectively. The values remained steady
ereafter,

As 1t is desirable to achieve maximum pigment recovery
with the minimum use of solvent, it would be interesting 0
compare the cumulative pigment recoveries at similar magerial
to solvent ratios at various stages of multiple column
extraction (Table 32. Column Lextract 1(C E? CE2 CE3
and CZE4 can be considered fo have an effectively similar
material to Solvent ratio of 1L the respective” pigment

Table 1. Effect of stirring on extraction of pigments from red beet

Pulp to solvent

_ Final
ratio “

Extraction method Brix

Soaking with stirring

—_ s
RO RO
co oo

Soaking without stirring

Betacyanines % betacyanines Red to
in beetroot extracted yellow
(9/200 g) ratio
0.045 55.6 N
0.045 66.7 102
0.045 58.0 116
0.045 780 113
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Table 2.
Extract 1 Extract 2
number Beta- _ Beta-
cyanines °Brix cyanines °
conen, conen,
(mg/ml) (mg/ml)
1 0.32 6.5 0.16
2 047 90 0.32
3 049 100 0.44
4 0.60 100 0.58
5 0.60 100 0.58
Table j.
~ Betacyanines
Column/s in charged material
© Extract 1
1 01125 27
(1)
142 0.2250 31
21
142 +3 0.3375 219
(39
1+2+3+4 0.4500 200
41
1+2-1-34-4 +5 0.5625 160
(&)

ECHNOLOGY, VOL. 27, NOV/DEC 1990

Progressive build-up of pigments and soluble solids during multiple column extraction of red beet

Extract 3 Extract 4
Bcti- . Beta- _
Brix cyanines °Brix cyanines °Brix
conen. conen.
(mg/ml) (mg/ml)
50 0.17 40 0.09 30
70 02 50 0.10 40
9.0 0.33 70 0.22 50
100 0.37 80 0.32 6.0
100 043 80 0.32 6.0

CUMULATIVE EXTRACTION OF PIGMENTS DURING MULTIPLE COLUMN EXTRACTION OF RED BEET

% betacyanine recovery (cumulative)

Extract 2 Extract 3 Extract 4
64.0 Al 9.4
(L.2) (L:3) (L4)
524 66.3 731
(2:2) (2:3) (2:4)
415 54.8 64.6
(3:2) (3:3) (3:4)
39.3 517 62.3
(4:2) (4:3) (4:4)
35 01 50.7
(5:2) (5:3) (5:4)

Figures in parenthesis indicate effective ratio of material to solvent for extraction.

recoveries were of the order of 43, 53, 55 and 62 per cent,
In the case of C(E2and CZ4 having effective ratios of 12
the pigment recovery was 64 and 73 per cent respecttvel
However, these valles are quite low In comparison with
go IELe}r?tt ?a% z(tJ per cent recovery but requiring 14 material to
vent ratl
The betacyantnes/vul axanthines ratios for the final extracts
from the f ourc cles of extraction were 100, 103 105, an
110 respecttve |nd|cat|ng red pi g %ment stability durtng the
le Xtractl

course of multiple colymn e
Extraction yhydraullc ressm%¥|elded 619, 165and 95
ments Tor the first, second and

E)er cent recovery of red ?
hird pressmgs respectlvely, otallmg 88 per cent at an effective
material to olvent ratio” 1

Adams_ et al.'6 used a screw t(tj/pe continyous press to
extract Amce from blanched, peele dlced and comminuted
beet: the pulp was, wetted and pressed agan. Wiley and
Leejzstudted the efficiency of a continuous counter-clrrent
diffusion ap?aratus They’ obtained a recovery of about 7L
per cent betanine using’ unblanched sliced Teet, solvent
(acidlified water Bto material ratio ofabout 51, and eIevated
temperatures (70-74°C) for extraction, Per cent betalaine lost
during processing was 34.4 and 26.4 for plain water (pH 6.3)

and acidified, water (0.05 per cent citric acid, pH 52)
respectively for the Dark Red Detroit variety of beet. Wiley
et al. Tstudied this diffusion extraction In greater detail and
showed that an initial fill temperature of 85°C, followed

a lower temperafure (75°C) of extraction andjuice pH of 5.
were best conditions if extraction of hoth red and yellow

Table 4. Extractability of betacyanines from

RED BEET by DIFFERENT METHODS.

Extraction method Material to % betacyanii
solvent ratio  extracted
i) Soaking with stirring 11 956
0 o N 1:2 66.7
(ii) Soaking without stirring 1:1 5.0
1:2 780
(iif) Extraction in single column 1:1 500
1:2 64.0
_ 7:4 98.4
(Iv) Extraction ir multiple columns 1:1 62.3»
1:2 T3+
(v) Hydraulic pressing 10125 88.0

*4 columns. **2 columns.
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components of beet colour were required. B)é a proper
selection of condlitions, a maximum recovery of 90 per cent
for b_etagyanlnes or 80 per cent for beiaxanthines could be
obtained. Block et al.B while studying the energy
requirements for beet colourant production uséd a centrifugal
se;izar?tor to separate the Pulp from %uépernate_.

ale 4 gives'a comparative data of betacyanines recovery
obtained by the various methods of extraction considered in
the present stuay. Hydraulic pressing gave relatively the
h|?hest plgment Iel ﬁ8 ><Pe_r cent) for & given material to
solvent raflo (1:2.25). Next in orcer for a'ratio of L1 wes
multiple column E_4 Ngs.) extraction giving an yield of 62.3
ner cent. At the ratio of 12, extraction ys_oaklnq with stirrin
(78 per_cent)7vvas slightly superior to multiple column (2 nos.
extraction (73 per cent). Single column multiple extraction
(ratio 1:4) gave the highest pigment yield (98.4 per cent) but
obviously fequired more solvent,
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Qualitative composition of the air microflora in convenience food factories was appreciably similar both in the day-long monitoring
and spot sampling. Bacteria constituted a dominant fraction with Gram positive cocci being the most prevalent. Species of Aspergillus
were more abundant than other moulds. Microbial load in terms of bacteria and moulds monitored as a function of time exhibited
an oscillatory behaviour during the day with peak counts coinciding with hectic processing or cleaning operations in the factories.
The composition of microflora analysed by spot sampling during the manufacture of different food items did not differ significantly
from that observed on day-long sampling. The qualitative and quantitative variations in air microflora observed in the food industries
seem to reflect a complex pattern of interactions between the numerous intrinsic and extrinsic parameters that govern the prevalence

of microorganisms in the air.

The potential hazards of airbormne microbial contamination
of food products resulting in food spoilage and foocborne
ilInesses have grawn the attention of scientists. Currently, the
gmBortance of incloor air hygiene in food processing industry
1S em? emphasised as much as in the medical sciences.
Dovvng adked Product quality or reduced product shelf life have
often Deen related to airbome contamination of the products
b¥ mmrooagamsms from sources within the processing areas
of the food"industries. While air has no natural mictoflora
of its own, contamingtion of clean air occurs_ through a
number of sources such as soil, water, raw materials ofboth
plant and animal origin and human beings'2 The magnitude
of airborne contamination is known to b determined hy not
only the 3m|crob|al load in air but also by the peridd of
exposure

B\ﬂatoxm induced cancer in the workers of com and
groundnut processing plants has been related to high levels
of Aspergnlus spofes in the airborne dust sam?Ie_s4_5.
Reports are also available on the microbial content of air in
food proguction and distribution areast, carcass storage
under refrigeration, citrus packing houses8 and in comn
progessing facilitiesd However, information on the microbial
profile ofair in the enclosed critical hygiene areas of food
Industries at various stages of processing and packaging of
the Rroducts 1S s%ant?/. N .

Khowledge of the foad and compasition of air microflora

in the indoOr atmosphere of industries at different times of

a normal working day as well as the influence of various
Interacting parameters such as weather conditions, product
range and” quantity, types of processing operations involved
etc., will be of immense value in evolving suitable methods
to control airborne pollution and reduce the risk of product
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contamination. The present study is an attempt to generate
information on these lines in order to gain a better insight
Into_the prob em of airbome contamindtion and. its. confrol
In food _industries. We 1presen_t data, on qualitative and
quantitative assessment of the distribution and composition
of microorganisms n the enclosed atmosphere of food
1|Eggggtnes manufacturing several popular Indian convenience

Materials and Methods L
Sampling sites:  Tio convenience food industries situated
at Mysore,”South India, were chosen for the purpose of this
nvestigation. The range of convenience food items
manufactured include Jamoon mix (milk based sweet), Idli
mix (steamed rice cake), Vada mix, Vegetable pulav (fried
rice), P_ullo\%\r_e mix (rice with tamarind preparation) and
spice mix. While hoth the factories operate round the year
manufactunng similar products, one of them caters to the
needs of the 1ocal market (designated as site A) and the other
has a larger market spread over the country with a higher
production capacn%/ (dlsignated as site B). P ocessmg as el
& acka?m cf the products are carried'out in the same hall
in these Tactories and therefore, samples of air were always
collected from various parts of the premises in tnPIlcates.
Air sample collection:  Representative air samples from
the_processing-cum-packaging halls of the factories were
collected at different times during a normal warking day and
on several such days spread over a period of five manths
Quantitative _sam?l S for the estimation of ajrborne microbial
count per unit volume of air were drawn using a Biotest RCS
ceqtnu al alr sampler %Blotes% V\/estGemﬁy asﬂescnbed
earlierXy Betore every series of sampling, the Tmpeller drum
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assembly was sterilised at 121°C for 20 min. After runnmg
the impeller for a precetermined time (30 sec) the expose

agar strips were removed and incubated. Total counts were
mace on TA épancreatlc digest of casein, soy bean peptone
sodium chloride, a?ar) strips after 48 hr incUbation a 37°C
and }/ ast and mould counts were obtained on Rose Bengial
Agar (Peptone, Dextrose, Salts, Rosa Bengal, Streptomycin,
Afar) strips. incubated for 120 hr at 30°C. _

he colony formmg units (cfu) per unit volume of air were
calculated as given Delow:

3 _Colonies on agar strip_ X 2
sampling tme (min)

cfum

Results and Discussion N _ _
Population density and composition of the indoor air
microflora per unit volume of air were monitored af reqular
time intervals during normal working days at site B A
[epresentative patteri of the mean coniposition of microbes
In the air on any given day of sam%mg Is shown In Fig.|
Total bacterial counts accounted for 83.5per cent of the mean
microbial load for the ca whA|Ir%8/east and mould cfus were
only 165 per cent of the total. Among the bacterial population,
the” most’ predominant were gram Posmve coccl which
represented 59.4 per cent of thé total load and 7L1 per cent

N1+

AIR MICROFLORA IN A

FOOD FACTORY

(% of total cfu/ m3)
- 150
==
§:
55 =

A B C D E F G

Figl. Qualitative and quantitative composition of microorganisms present
in the indoor air of a food factory. A, Gram positive cocci; B, Gram-
positive rods (non-spore forming); C, Gram-positive rods (spore
forn%mg); D, Actinomycetes; E, Gram-negative rods; F, Moulds; G,
yeasts.
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ofthe bacterial counts, Other significant fraction was that of
?ram positive rds (both. spore formers and no_n-sPore
ormers) accounting for 18 per cent of the total air flora.
Aspergillus sp. including A nlger and A. flavus represented
42.8 er cent of the total moufd counts amounting to 7.1 per
cent of the day’s mean microbial load. Although the total
number of microorganismsper se varied on diferent sampling
days, qualitative and quantitative composition of the samPIe
did not differ significantly.. Table 1 presents data on the
content of microfes In the"air _samE)Ie_s at site A, Unlike the
day-Ionq monitoring of air quality at site B, here the sampling
was restricted fo 4 fixed time Once a day but repeated on
several days, also exhibited a remarkable similarity in the
qualitative composition of the microflora
The h|?h Inciclence of bacteria in air may be partly due
to the_nature of raw materials used in these factories such
as spices, pulses, grains and milk powder which can
contribute to the air microflora during cleaning and processm%
operations through dust formation.”However, Singh et al,
reported an almost egmproportlonal distribution Of bacteria
and fungi (45 and 55 per cent respectively) in the air of a
closed room. Similarly, another study in'a confectionery
factory" also regorted a predominance of moulds. While in
these reports, the Gram positive cocct constituted only a small
fraction of the bacterial counts, our results “show a
sggnlflcantly high coccal cfus in the air at both the sample
sites (Fig.I "and"Table 1). Prevalence of Gram positive cocc
In the processing and packaging areas of food Industries can
e attributed partly to personnel location and movement in
the critical operation areas as human beings are known to
be a major source of these organismsZ3 Mare recent
observations, of Someya and ChiharaXon the predominance
of Gram positive coccl and Gram positive non-sporeforming
rods constituting &L per cent of the bacterial cfus in grocery

Table L Comﬁosition of the atmospheric microflora

SAMPLED AT A FOOD FACTORY (SITE A).

Type of microorganism cfu/m3 % total load
Bacteria
Gram-positive cocci 4288 95.00
Gram-positive non-spore 1280 16.40
forming rods .
Grarg-posmve spore forming 256 330
rods
Gram-negative rods_ 448 570
Gram-negative cocci Nil Nil
Acti nomYcetes 128 165
Tota 6400 82.05
Moulds
Aspergillus sp 152 9.64
Mucorales _ 187 2.46
Unidentified fungi 300 S%%
Yeasts 16 :
Total 1400 17%
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shops and hospital waiting rooms in an university campus
lend support to our findings in the food industries. Extremely
small numbers of Gram negative rods observed in our study
are also consistent with the fact that the sample sites did not
handle any raw materials of animal origin with which these
organisms are more commonly linked. - _
hanges in the microbial load and composition at site B
were monitored as a function of time of the day. Fig. 2 shows
a representative pattern of time dependent ch_an?es in the
bacterial content of air at site B, From an initial Tow level,
at the beginning of the working hours, bacterial efus peaked

to the maximum value within 45 min, by which time_ the-

rocessing activity in the factory had started in full swing.
he activities such as raw material cleaning and processing,
%rlndmg and bIendln% operations were carried out in the same
all. However, over the next three hours the counts fell rapidly
reaching the minimum level of the day. During this time, the
groductlon activity had stabilized and was at a steady state.
oon after |unch break, bacterial load in the air inCreased
parallel to the changes in the intensity of activity, though the
second maximum was far short of the initial peak. Towards
the end of the day, as a consec‘ue_nce_ of cleaning operations
sharp rise in the bacterial population in air was noticed. This
dusting and swee |n(t; mediated increase in the load rapidly
settled to a stea }/ state value which constituted the initial
reading of the following morning. A pattern closely com-
parable with that of the bacterial profile was also observed
In the case of yeast and mould colony forming units (Fig.3).
The maximal and minimal counts were observed at similar
time intervals as in the case of bacteria. These time dependent
changes in the microbial load inside the factories &FI%Z and
Flg.Sﬂ are in line with the established concept that the
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microbidl population in the air of enclosed space tenas to vary
with time as a result of ventilation and deRosmon as Well as
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Temporal variations in the distribution of different types
of bacteria in the air are shown in Fig.4. Throughout thé day
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negative rods.
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Gram positive cocci were predominant, accountln% for 60
per cent of total bacterial load followed by Gram positive rods
of non-spore forming tgpe. Both these types of bacteria
exhibited an oscillatory behaviour where the distribution of
Gram positive cocci was inversely reciprocated by the Gram
positive rods. Other types such as Gram negative rods,
actinomycetes, etc., constitute only a minor component of
the bactérial population. At any given time, the Gram positive
cocci and non-spore formln% fods together accounted for
about 84-90 per cent of the fotal bacteria in the air with a
day’s meanof 87.3 + 2.9 ger cent. While Gram negative rods
were observed atleast at 2 per cent level most of the times,
n_? Gramnegative cocci were observed in the air at the sample
Sites.

Analysis of the species composition of moulds in air at
various times of the day E\Flgﬁf showed a predominance of
Aspergillus sp. including A. niger and A. flaws reiJresentlng
43 per cent of the yeast and mould counts. A. flavus was
observed througzhout the stucly period with @ mean occurrence
of 13 per cent of the yeast and mould counts. Various
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Fig.5.  Time dependent changes in the composition of the yeast and mquld
cology forming units present in the indoor air of a food fac_tory_?s_lte
B). | dAspergiIlus sp; ¢, Mucorales; A, Yeasts; A, Unidentified
moulcs

343

unidentified fungal species with no particular pattern in
individual occurrence constituted the second ma&r_ category,
while mucorales, particularly Mucor Si). and Rhizopus S[f‘
were third in abundance. A’consistently low count (< 10
per cent) was recorded for yeasts at all the times of sampling.

The oscillatory patterns observed in the case of hacterial
types (Fi .41 and different species of moulds (Fig.5) can be
explained atleast partly in terms of the settling ?ropemes of
various suspended particles. Displacement of air due to
movements such as turbulence, convection currents, etc.,
within the halls consequent to constant ventilation apart from
the mechanical and human factors may also influence the
temporal distribution. However, the Inverse_ relationship
observed in our study between the Gram positive cocci and
Gram positive rods {Flg,.4) during the day is not clear. But
their abundance in the air (87 per cent) compares very well
with a similar observation made on indoor air subjected to
frequent changes due to intense human activity4 The fungal
population mostly consisted of commonly” known food
spoilage_organisms and is in_line with com processing
houses45 and atmothere studiest _

Air microbes at both the sites were also monitored to
ascertain if the, tyPe of food item being processed had any
bearing on their” load and composition at any given time
(Table 2). Since there was a characteristic time-tependent
variation in the microbial population, air. samples were
collected during the second maximum phase in the afternoon
(Fig.2 and Flg. 3) to facilitate easy comparison between
Product dependent samples. Data shown in Table 2 inclicate
hat the per cent contribution of bacterial and fungal
population to the total air microflora remained more or less
constant irrespective of the type of product manufactured.
Also, the product independent means of the bacterial and
fungal counts S82.4 + 56 per cent and 176 £ 56 per cent,
respectively) closely correlate with the corresponding mean
counts shown in Fig.l. However, the cfu/m3for bacteria and
yeast and moulds J)er se varied significantly between the
Products monitored. This fluctuation may bea reflection of
he complex pattern of interaction between the intrinsic and
extrinsic parameters that govern the prevalence of
microorganisms in air. Detailed investigations need to be
carried out in order to elucidate the exact nature of

Table 2. Microbial content of air*in food industries during the production of various convenience foods
Total % 0Of total Moulds & % 0f total
Proclct bacteria A yeasts air
(chum3arr) microflora (cfum3air) microflora
Jamoon mix 6400 + 1163 820 140 + 1@ 180
Veg. pulav (cehyorated) 7300 £ 639 820 1600 + 402 10
ol mx 4800 + 400 806 150 + 19 208
Puliogere mix 12000 + 1500 il 3850 + 34 4.3
Spice"mix 21000 + 1060 82.2 4550 + 306 178
ada mix 41600 + 2447 936 2850 + 382 64

«Samples were drawn at 1500 - 1530 hr when the second maximal counts of the day were observed.
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relationship between the products manufactured and the
qualitative and quantitative composition of the air microflora
in food industries.
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Studies on processing and nutritional quality of three varieties of Assam rice revealed a higher angle of repose with superior milling
performance regarding yield of brown and head rice. ‘Monoharsali” variety exhibited greater resistance to breakage among all
the varieties tested. Assam varieties showed low protein content in brown (6.3 to 7.2%) and raw milled rice (6i0 to 6.7%). The differences
in reducing sugars and amylose contents among different Assam varieties of rice were not so conspicuous. Assam varieties showed

higher fat content both in brown and raw milled rice.

Rice (Oryza sativa L.) is the most important food crop in
India, supplying, on an average, one third of the calories.
The protein content of rice is low, however, the quality of
the protein is_superior, Different tests were proposed’ for
assessing quality of white milled ricel6. Studies on mﬂlmg?
and qua '% of milled rice89 were extensively carried out
However, the information abouit the processing and nutritional
characteristics of the rice varieties grown in Assam was
lacking and hence the present study was undertaken.

Materials and Methods

Paddy samples of ‘Monoharsali’, ‘Prosadbhog’ and ‘Jaha’
were collected from Rice Research Station, Titabar, Assam
Al\gn. OIUnlversny, Assam. The samples were adequately
cleaned.

Physical parameters: Angle of repose was done by the
method of Anderson.D” Thousand _kernel weight,
LengthN\ﬁdth (L/WR_ ratio and bulk density were estimated
by the method of Juliano et al. 1Density was determined by
the method of Bhattacharya et al'l and moisture by
AACCR

Milling tests: The Ipaddy, crop was harvested at
commercial maturity (full turing of colour to dgr_e ellow
in respect to ‘Monoarsali’ and ‘Prasadbhog’ and light black
colour for ‘Jaha’), and the grains dried to about 15 per cent
moisture content. Laboratory Satake sheller with rubber
rollers was used to_dehusk representative paday samples.
Bre_akaﬁe was minimised by adjusting the rubber rolls
optimally suited to size of the grain. The yield of whole,
brown and broken rice were determined using Burrows Rice
Sizing Machine. To determine the }/Ie|d of head rice, weighed
shelled rice (50q) was subgected 05 'oer cent polishing in
the Kett Polisher, Type TP-2 (Kett Electrooic Lahoratory,
Japan). Varietal interaction to extended m|II|nP Was
determined taking 50 g well mixed shelled samples and

subjectin]%othem to polishing for 10, 20, 30, 40, 50, 60, 70,
80, 100, 130, 160and 200 sec, and the yields of brown, broken
and head rice were expressed as pér cent on the basis of
cleaned pacdy. . .
Biochemical parameters: Amylose, protein, reducing
suqars and free fatty acids iFFA) were determined as per
Juliano micro Kjeldahl, potassium ferricyanice andSAAh(T‘Ct
oxhle

methodsB respectively. Fat was estimated byto 30

extraction method, using petroleum ether (b.p. 60
for 16 hr.

Results and Discussion
Physical characteristics:  The analysis was carried out in
four “replicate samples selected at random. The physical
characteristics of p_ad%iy brown and milled rice §5 per cent
polish) are shown'in Table L Considerable variation in the
Eraln dimensions was noted. Significant variation in 1000
ernel weight, L/\W ratio, porosity were found for paday,
brown and milled rice. Slender grained fine variety Jaha’ had
lowest 1000-kemel welgiht for paddy (14.57), brown rice
811.54 and milled rice (11.40). ‘Monoharsali” gave the highest
000-kemel weight as it was a coarse variety. No significant
difference was found in case of density and bulk density of
the paady, brown and milled rice. The findings are equially
in ling with the results reported by Bhattacharyya et ala. and
Sidhu et at. Porosity varied slighitly with the vanetg. Coarse
variety ‘Monoharsali’ §51.17 per cent) and ‘Prosadbhog’ had
the higher porosity (53.44 per cent), than the ‘Jaha’. Angles
of repose were found to be hlgh_er in the varieties tested.,
Yield ofintact brown and total rice:  Milled at appropriate
moisture content (15 per cent), the yield of brown rice
mcludlng_brokens, husk and” moisture differentials are
presented in Table 2. Significantly higher yields of intact rice
Were found for ‘Jaha’ i78.9 Per cent) with 2.8 per cent of
broken rice resulting in the total yield of 81.70 per cent brown
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Table L Physical characteristics of paddy brown and milled rice
Variety 1000 kernel L/W rgtio Densi Bulk density Porosity Angle of
wt (g/ml) (g/ml %) (%) repose (<)
Paddy
Jaha _ 1457 328 118 0.60 4963 4700
Monoharsali 28.30 324 12 0.60 L7 4500
Prosadohog 1866 38 12 0.58 5344 4750
S Em t 00574 + 0.0047 10,0058 0.0058 t 05773 t 05774
CDa 005 01301 0.0107 0013 00131 1.3059 13059
. 00l 0.1870 00153 0.0187 00188 18763 18763
Brown rice
Jaha _ 1A 3 13 0.79 4353
Monoharsali 2.3 216 13 08 4109
Prosadohog 1454 2.99 13 0.80 42%
S Em + 05173 + 00058 - +0,0058 + 05773
CDat005 13059 0.018 — 00131 1.3059
. 00l 18763 00188 00138 18763
Milled rice (5% polishing)
Jaha _ 1140 263 4 080 42.26
Monoharsali 206 243 14 083 409 —
Prosadbhog uzn 290 4 081 24 —
S Em t 05773 t 00337 — 10,0058 + 05773 -
CDat 005 1.3059 00761 — 00131 13059 —
. 0o 18164 0.1004 00138 18763 —
Table 2. Yield of brown rice and moisture difference in paddy varieties
Variety Brown rice (s) Husk (i6) Moisture (%)
White or intact Broken Total Padldy Brown Husk
grain rice
Jaha _ 189 28 8L7 183 145 149 105
Monoharsali Y 53 810 199 146 160 104
Prosadbhog 135 48 183 AT 144 50 107
SEm + 0.0577 + 00577 + 00677 + 00577 + 00568 + 0.0510 + 0.0677
C.D at 0.05 0.1305 0.1305 01305 0135 01303 (.1306 0135
CDat00 01876 (1876 01816 01876 01812 0.1878 01816

rice. Yield of total rice in ‘Monoharsali’ (8.0 per cent) was
at par but with 5.3 per cent broken rice. Contrary to what
has, been reported by Matthews and Spadaroz long grained
variety did not always m%hlgher breakage,” Decause
medium fine grain variety Jehe* hiad the lowest breakage.

Milling interactions: |\/|I||In? Interaction is greatly affected
by variety and environment of growthBtime of harvest'L]
field maisture_contents'8 storage condition'9 and dryin
temperature). The results of analysis of the interactions o
varieties and _mllllng time' on Yleld and susceptibility to
breakage are illustrated in Fig 1,2 and 3, respectively.

Highest yield of total milled rice was recorded for Jaha’
(Fig.I) which was maintained till 130 sec of milling but
dropped to the lowest level $55.6 per cent) when milled for
200 ‘sec, exhibiting soft texture of the endosperm. in
comparison to ‘Monoharsali" which gave the highest yield

of 68 per cent for 200 sec. A significant effect of variety on
milling yield per cent breakage and extent of degree of polish
in the initial stages of milling compared with extended mllllng
has been obsjrved by Sidhu et at. Degree of polish suffere
by the varieties due to extended mllllngl Wwas approximately
similar when milled for 130 sec, & 19. 2) hut behaved
differently afterwards according to “the  hardness of
endosRerm._ Minipium pO|IShIr]ﬁ was_suffered by
‘Mononarsali ﬁ6.3_per cent) when mifled for 200 sec. Varietal
differences intneyield of head rice for different milling times
were found to be’significant (Fig. 3). The highest yield of
head rice was obtained for \Jaha’ (9.7 rcent? when shelled.
The trend was maintained up to 130 sec of milling (468
per cent) but dropped to 211 per cent for 200 sec.
‘Monoharsali’, which gave lower head rice up to 130 sec
yielded highest head rice (25.0 per cent) when milled for 200
Sec.
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Fig2.  Effect of milling on the degree of polish of different varieties.

Nutritional quality: - The results of composition of brown
and milled (5 per cent polish) rice are presented in Table 3
Sl(t]nlflcant variations in protein, reducing sugars, amylose
faf and FFA contents for brown and milled Fice Were recorded
Brown rice found to contain higher protein, reducing su?ars,
fat and FFA but lower amylose. Protein content ranqed rom
6.3 t0 7.2 and 6.0 to 6.7 per cent in brown and milled rice
respectively, which agreed with the reported result of
Chakrabarthy et all and Cruz et a?". Breeding of varieties
with high protein content needs identifying high protein
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Fig.3. Effect of milling time on yield of head rice of different varieties.

sources from all possible materials or enforce their genetic
factors for protein, along with those high yield and quality2

maltose which dropped to 0.31 per cent on milling. Amylose
content is the principle factor for the rice quality which causes
great increase in volume, water-up-take ratio, texture and
gloss of cooked rice23 ‘Monoharsali’ had the highest
amylose (209 per cent) in milled rice. Similar data were
obtaingd by Chakraborthy et all and Sidhu et at. for brown
and milled rice. The vales for fat content ranged from 2.18
t02.57 and 107 to 174 per cent in the brown and milled rice,
respectively. The data were in agreement with the reported
value of fat content for brown rice by Juliano et al. ZLand for
milled rice bK Milev and Vice2d However, the values were
higher than the reported value of Chakraborthy et all, FFA
contents of brown rice were higher (3L1 to 37.5 Ber cent) than
the milled rice (20.4 to 30.6 Per cent). The outer bran fractions
contained more FFA than the inner endosperm comprising
milled rice. The values obtained were reasonably low testi-
fY,lng the sound condition of padcgy samples. The values were
slightly hgher than the reported values of Yasumatsu and
Moritake o _

Bran characteristics:  The results of replicated samples of
protein, fat and FFA of the bran when milled to 5 per cent
polish are Presented in Table 4. Significant variations in the
protein, fat and FFA content were observed. Protein and fat
contents ranged from 112 to 121 and 180to 195 per cent,
_respectlvely. Higher FFA ([216.8 to 279.2 per cent) content
In the bran may be due to the non-stabilization of the bran
immediately after pollshlnq: However, higher fat content in
the bran signified its stability and hence suitability for oil
extraction, commercially.
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Changes in the functional characteristics during soaking and germination of wheat for different periods (24, 48 and 72 hr) were
studied. Soaking wheat overnight considerably decreased the hardness from 9.6 to 4.0 kg/grain, hectoliter weight from 74 to 70
kg/HI and 1000 kernel weight from 74 to 50 g. Subsequent germination further lowered their values gradually depending on the
germination period. Flour yield decreased from 68.3 to 62.8 per cent and colour grade value increased from 2.1 to 74 due to germination
for 72 hr. Soaking improved the colour of flour, but germination gradually darkened it as seen from the increase in colour grade
value from 2.1 to 7.4. Germination lowered the gluten, sedimentation value, damaged starch, non-reducing sugars, free lipids and
bound lipids, while increased the free fatty acid contents. Soaking did not affect various farinograph characteristics, but germination
gradually lowered the farinograph water absorption, stability and dough development time considerably. Among the different enzymes,
lipase and protease increased while lipoxidase decreased during germination. Overall quality of bread improved on germinating
wheat upto 24 hr. Germination of wheat for 72 hr increased the spread (5.0 to 54 cm) and raise (0.66 to 0.76 cm) and improved
flavour and taste of biscuits. Soaking of wheat slightly deteriorated the quality of cake, while germination further affected the quality.
However, cake made from wheat germinated for 24 hr was acceptable.

Germination of wheat during harvest due to unseasonal
rains is a serious problem in several countries including India.
Germination results in the loss of flour yield and deterioration
in the flour quality13. However, the work reported so far,
was mainly concerned with the deteriorating effect on bread
quality dug to increase in the level of a -amylase activity
and OPossmle_methods_ to improve the quality of stc
breacs6. The information on the effect of germination for
different periods on the functional characteristics of Indian
wheats is scanty7. Narpinder et at. in their studies observed
that heat treatment of germinated Indian wheats brought about
considerable improvement in the g.uallt%/ of bread.

The present stucy aims at finding the changes in the
functional characteristics of Indian wheat at differént degrees
of germination and to dletermine the maximum extent of
germination that can still yield acceptable quality bakery
products. Results of the above studies are presented in this

paer.

Materials and Methods

Commercially availahle medium hard wheat procured from
the local market was used in the stuay. About 15 kg wheat
was soaked in excess of water at 25°C for about 16 Tr with
one change of water. The soaked wheat obtained by draining
the water was spread on a wet gunny bag and allowed t0
erminate at room temferature (25-27°d) and humid
%60—65 per cent). About 4 kg samples were drawn at intervals

of 24, 48 and 72 hr of germination and dried in a cabinet
drier maintained at 35°C to a moisture level of about 10 per
cent. The roots were removed by rubbing them over a sieve
and the samples were stored at 4°C. About 4 kg of soaked
ungerminated wheat was also dried and stored similarly.
ectoliter welgiht and thousand kernel weight of wieat
samples were determined using standard methods. Kernel
hardness was determined using grain hardness tester (Kiya
Seisa-Kusho Ltd. Japan). The average of 20 values was
calculated. Pearling index of wheat samples was determined
by polishing 20 F wheat in a ‘Concorna’ barley pearler for
T'min, andthe foss of bran was expressed in"percentage.
|\/|I|_|In?2 Wheat samples of ungerminated, soaked and
germinated for 24, 48 and 72 hr were tempered to 155 per
cent moisture content overnut;ht and milled into straight grade
flours us_lnq Buhler Pneumatic Laboratory Mill (MLU-202).
Chemical and rheological characteristics of flours:
Moisture, ash, gluten, diastatic activity, proteolytic activity,
felling  number, sedimentation valle, damaged starch,
amylograph, and ferinograph characteristics were determined
accor m(? to AACC approved methods9, Free fatty acids,
total and' reducing sugars were determined according to
standard AOAC “proceduresl) Lipase and |IROXI_ ase
activities were determined by the method of Kantharaj Urs
et al." and Tappel22 respec |vel(¥. , _ _
Baking characteristics:  Bread making quality of different
flour samples was assessed by the ‘Remix’ baking test of
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Irvine and McMullan33 with the following modifications (i)
omission of malt flour and (||% use of 1 per cent fat. Loaf
volume was determined by the rape seed displacement
method¥ The other characteristics such as colour and shape
of the crust, and texture, colour, grain size, and uniformi
of the crumb, and taste were assessed by the scoring method
described by Pylert _ ,
Biscuits were prepared and evaluated for various ph;{_SlcaI
prarameters according to the methods described earlier®
he other sensory parameter like colour, surface smoothness
crumb colour, crispness and taste of biscuits were evaluated
by a panel of judges by giving scores to each parameter.
Cup cakes viere mad? with flour (100 g), sugar (84 % fat
(84 gsj, salt (L0 g), whole egg (84 % , ba mg_p,owder((J 0g)
and essence (L0 mlgi All in-one method of mixing was used
for preparing the batter. The specific g]rawty of the hatter was
determined by noting the weight of % ass Cuvette filled with
batter and water. Sixty five grams of the batter was poured
into each cup and baked for 25 min at 190°C inan oven. The
volume of the cakes was determined by the rape seed
displacement method. The other quality characteristics such
as Crust colour, softness and grain size and shape of the crum
and taste were assessed by a panel of 6 judges. All the
experiments were carried out in triplicate and the statistical
evaluation of the data was carried out by Duncan’s Multiple

Range Test.

Results and Discussion

Hectolitre weight as well as thousand kernel weight which
reflected the flour yield potential of wheat decreased during
soaking as well as germination (Fig. 1). The changes in these
parameters were considerable and sudden in soaked wheat
While they were gradual during germination. The lowering
of values 0f these characteristics could be attributed to the
loss of solids during soaking and (11erm|nat|on. o

Germination mae the ?raln brittle but softer as indicated
by the kernel hardness value. The hardness decreased from
9% t04.0 kg/grain during soaking and to 2.4 kg/grain during
germination for 72 hr. The decrease in the hardness was also

Table L
Germination period Break Reduction
(h) flour flour
(%) (%)
Untreated ¥ 83.2%
Soaked (0) 24.3b 75.8b
2 BI1° 74.3C
18 25.4C 74.6'
7 21.2 728"
S.Em £0.29 £0.29
(df = 15
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Fig.l. Effect of germination on the physical characteristics of wheat.
reflected by the increase in the Fearl_ing index. The lower
I

values for” physical characteristics in_germinated wheat

b indicated its lower flour yield potential. Similar observations

were also made by earflier workers2T7 o
Milling characteristics: - Milling characteristics of wheat
(Table 1) indicated increase in the yield of break flour and
decrease in the yield of reduction flour due to soaking as well
as germination. The changes in the yield of these flotrs were
consicerable due to soaking (about 7.0 per cent) as compared
to germination.
ofal flour yield decreased from 68.3 to 62.8 per cent when
Wwheat Eermmated for 72 hr. Similar results were also reported
,t\)y Lukow and Bushuk2 and Huang and Bushuk® while
Narpincer Singh et al. reported about 2 per cent increase
in the yield cf flour due to germination for 48 hr. The colour
of flour as indlicated by the colour grade value, decreased from
32 10 21 in flour’ milled from soaked wheat, while it
gradually increased from 2.1 to 7.4 in flour obtained from
wheat gérminated for 72 hr. Similar observations were also
macle by other workers. The ash content increased from 0.45

Effect of germination of wheat on the milling characteristics

Total flour Colour grade Ash
yield value (%)
(%)

68.3" 32 0.45%
67.2b 2.1b 0.41b
66.1c 2.7e 0.40b
64.3d 40" 0.44e
62.8' 74 0.50
£0.24 + 0.05 10.003

Means in the same column followed by different superscripts differ significantly at 5% level.
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10 0.50 T;rj]er_cent in flour milled from wheat germinated for
72 hr, This increase in the ash was reported to be due to loss
of carbohydrates due to respiration and not because of actual
increase In mineral matter®d _ _

Chemical characteristics: Changes in the chemical
characteristics given in Table 2, indicate a gradual decrease
in wet as well & dry gluten content in flour obtained from
soaked wheat as well as from subsequently 24 hr germinated
wheat. However, germination for more than 24 hr resulted
Ina steep decrease in these values. Similar observations were
made b)(_ HwanF and BushukBwho attributed these to the
gegrdada lon of gluten proteins as a result of cleavage of peptice

onds.

In contrast, S|I?h'[ increase in the protein content was
observed in whea ?e_rmmated for 72 hr. LorenzZ) observed
increase in the protein content, while Lukow and Bushuk2
observed gradual decrease in the protein content during
germination and attributed it to the translocation of amino
acids due to the developing embryo.

Damaged starch content in flour decreased from 1L0t0 8.5
Per cent during 24 hr germination and further increase in
he germination period considerably increased the damagied
starch content to 108 per cent. This is in agreement with the
result of Dronzek et al.2 and Narpinder Singh et al.s and
was attributed to the degradation of starch. ,

_Free lipids decreased from L18t0 0.76 per cent while bound
lipids decreased onIK slightly from 0.62 to 0._54_Per cent during
germination for 72 hr period as reported. Similar observation
was also made by Lukow et al 2 and they attributed it to the
breakdown of triglycerides. Soaking did not result in any
change in the free fatty acid contents in flour. However,
germination for 72 hr increased substantially the free fatty
acid contents from 138to 82.1 mg per cent. This is possibly
because of increase in the lipase activity. ,

Reducing sugars as expected, increased during soaking as
well as germiniation from 0.36 to 2.0 per cent while non-
reducing sugars decreased from 2.15 to 16 per cent.

Table 2.
Germination Dry Protein* ~ Sedimen-  Damaged
period gluten (%) tation starc
(n) (%) value (%)
(m)
Untreated 83 8.9 26.0a 110¢
Soaked (0) it 8.70 25.00 9.8h
2% 700 8.0 220 8.5
48 5.3 9.5 200" 9.4"
1 08 9.8 120 108
SEm 10.18 10.03 10.26 10.07
(df = 15)
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Various enzyme activities in soaked and germinated wheat
iven in Fig. 2 and 3 indicated a considerable increase in
e diastatic activity from 341 mg/10 g flour, observed for
ungerminated wheat to 967.5 mg/L0 g flour in 72 hr
germinated wheat. Maltose value which"also indicates the

T T T
iastatic activity (mg/10g)—x-

Maltose value (%) —o—

Germination period (days)

Fig.2. Effect of germination of wheat on the diastatic activity and maltose
value.
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Fig.3. Effect of germination of wheat on various enzyme activities.
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Effect of germination of wheat on the chemical characteristics of flour

Lipids (%) Free fatty Sugars (%)
acids
Free Bound (mg/KOH/  Reducing  Non-reducing
100 g)
118 052 138 0.36* 215%
0.97b 0.58b 138 0.46* 17%
0.86' 0.60b 22.1b 0.50b 1.30
0.80' 0.57b 59.9' 10 1.50°
0.76" 0.54 821 20" 160
10.02 10.0798 10.17 10.03 10.03

Means in the same column followed by different superscripts differ significantly at 5% level.

*N x 57
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amylase activity showed a similar pattern. Falling number
which is an index of alpha amglase activity, decreased slightly
during soaking from 492 to 301. However, germination for
24 hritself decreased the value to a minimum notable value
0f60. Proteolytic activity decreased considerably from 5.02
to 350 HU/}; during ‘soaking and thereafter gracually
increased to 701 HU/G with subsequent é;ermmatlon up to
72 hr period similar to that observed by Lukow and
Bushuk2 On the other hand, lipoxidase activity gradually
decreased from 25.4 to 3.3 units/100 g in flour from 72 hr
germinated wheat. , o
Rheological characteristics: - Farinograph characteristics
of flours obtained from soaked and germinated wheat shown
in Fig. 4 and Table 3 indicate a reduction in water absorption
capam? from 62.3 to 55.0 per cent during germination for
72 hr. Soaking, however, did not affect the water absorption
capacity. Similar observations were made by several
workers§i2 Dough development time and dough stability
were not affected by soaking, but considerably decreased s
the germination period increased. These ¢ an%es are in
agreement with the report of Ibrahim and D’Appolonia3and

Table 3. Effect of germination of wheat on the
FARINOGRAPH CHARACTERISTICS OF FLOUR

Germination ~ Water ~ Dough deve-  Dough Mixing
period absorp- lopment time stability tolerance
(hr) tion (%) (min) (min) index (B.U.)
Untreated 62.3" 3.55" 4.00” 93.0¢
Soaked (0) 62.2" 375" 375" 126.5°
24 58.2b 1.250 1.25b 260.0b
48 56.6C 1.05b 1.05b 340.5'
n 55.0" 0.55¢ 0.550 380.0d
SEm £0.05 10.13 £0.20 110.75
Df b 10 10 0

Means in the same column followed by different superscripts differ
significantly at 5% level

., 4'0umbug  Kum
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were attributed to the reduction in the gluten content as well
as to quality. Amylograph characteristics indicated that
soaking of wheat increased the gelatinization temperature
from 555 :0 57.5°C, peakw_scosttty from 2790 to 3200 BU
and temperature at peak viscosity from 75.5 to 86.5°C
suggesting thereby modification of starch during soakln%.
Amylograph peak heights were zero for 24, 48 and 72 fir
germinated samples. _ o

Bread making quality: - The quality characteristics of bread
?lven in Table 4 indicate that the loaf volume increased due
10 soaking as well as germination of wheat Upto 24 hr, Further,
increase In the germination period reduced the loaf volume.

The grain size and shape improved when bread was mace
from that soaked for 24 hr germinated wheat. However, the
?ralns became undesirably, coarser when bread was made

rom wheat germinated for more than 24 hr period. The bread
made from 24 hr germinated wheat flour having maltose value
0f5.2 per cent had hetter soft texture and desired light brown
crust colour. _ o

Biscuit making quality: - The quality of biscuits made from
germinated wheat is given in Table 5. The spread of biscuits
g_raduaIIY ircreased with increase in the germination period,
similar 1o the observations made by earlier workers. It
increased to 54.4 from 50.4 mm when wheat was germinated
to 72 hr. The raise in biscuits also gradually increased with
increase in the period of germination. o
_ The crispness as well @ taste and flavour of biscuits
improved with germination period as indlicated by the higher
scores. The hiscuits made with germinated wheat had a
pleasant malty flavour, The crust colour however, became
undesirably darker with increase in the germination period.

The overall quality of biscuits was highest when biscuits
were made from flour from 48 hr germinated wheat having
maltose value of 7.2 per cent.  ~
_ Cake making quality: ~The specific gravity of cake batter
Increased with increase in the germination period from 0.89
t0 0.94 in 72 hr germination (Table 6). Volume as well as
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Table 4. Effect of germination of wheat on the bread quality of flour

Physical characteristics Sensory characteristics
period Wt \ol Specific Crust Crumb Taste
(hr) 0 (m) vol o (20)*
(mifg)  Colour ~ Shape  Colour  Gyain, f9|ze . Texture
(L0)* (10}* (lop  ana uniformity ()
(10
Untreated 1416 460° 307 8.45" 175 7.88° 7.02¢ 5o 16387
Soaked (0) 1424 5200 3.23h 7.95" 8.25" 8.50b 7.92b 14.88° 173
2 1387 5200 375 785" 9.250 750" 8.95¢ AR mn
48 1384 465 3.36d 5.62 6.38¢ 502 5.65" 11,05 1285
7 1315 440 3.200 4.00c 375 3.28d 310 7.88d 1.25d
(dlg.gmls) 25 10019 1024 10.19 $0.19 $0.22 0.28 0.36
Means_in the same column followed by different superscripts differ significantly at 5% level.
{ Maximum score.
Table 5. Effect of germination of wheat on the biscuit quality of flour
o Physical quality Sensory characteristics
uermination _
period width ~ Thickness — WIT Spread Crust  Surface Crumb Crisp- Taste
(hr) W& M ratio factor colour  smooth- colour ness (25)*
cm (cm) (%) (10* ?1608)5* (10 (25)*
Untreated 5,04 0.66" 7.64* 100° 818" 7.98° 9.12* 2070 175"
Soaked (0) 51% 0.70¢ 1410 95.72h 9.1 8.98b 8.280 20.55* 190"
2 5.230 0.720 120 9462h  7.56¢ 9.55h 8.280 212" 2099
8 5.38¢ 0.74 723d 9438 6.54d 9.54h 1.25¢ 265 2200
1 5.44c 0.76¢ 7.1 93.10e 508 1045 6.05 2350 2154
SEm 10.02 10.02 0.04 $0.34 10.17 $0.23 10.22 10.31 $0.42
df 5 b B 2 b b 5 5 b

‘Maximum score _ L
Means in the same column followed by different letters differ significantly at 5% level.

Table 6. Effect of germination of wheat on the cake quality of flour

o Physical characteristics Sensory characteristics
uermination
petr]iod Batter Wt Specific Crust Crumb (Tzag)tg
() 0 g) © /VO/I \ Colour  Shape Colour Grain Texture
(10 (107 (107 (10 (20
Untreated 0.89* 56.6 176* 9.05 8.88" 8.95" 8.78h 16.20" 19.08°
Soaked (0) 091% 5.8 /s 882" 9.40" 8.88h 8.92 158" 1872
24 091 56.7 173 8.48" 7.28 8.00b 8.180 12.55" 1555"
48 0.93 571 16r 5.20b 4.70¢c 6.32 6.52 1050e™ 1356
7 0.94 575 1.50b 3.55¢ 412 4.80d 4,08d 8.22*  1005"

SEm 10007 +0.016 10.18 10.21 10.21 10.21 10.21 1031 1041

- Maximum score
“ Sticky crumb _ S
Means of the same column followed by different letters differ significantly at 5% level.
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Overall

quality
(60)*

63.58"
64.00"
69.65”
45.50'
28.65d
0.72

Overall
quality
(80

64.10¢
66.72"
70.25
69.02¢
66.75

+0.47
b

Total
score
(80)*
70.55%

67.88”
60.90
56.45"
3240
+0.78
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specific volume of cake gradually decreased with increase
In the germination period”due to poor air retention capacity
of the batter. The crust colour changed from desirqd golden
brown to dark brown particularly in cake made from wheat
germinated for 48 hr on anger period. Cake made from
wheat germinated for a period of 24 hr or more had a flat
and caved-in crust. The crumb colour also became more
yellowish and the grain tended to be coarse and non-uniform
and the crumb became sticky as the germination period
increased. Only the cake madg from wheat germinated upto
a period of 24°hr was acceptable.

_ Germination of wheat for 24 hr resulting in the increase
in maltose value to 5.2 per cent improved the bread quality.
In case of biscuits, germination though increased the spread
which was undesirable, the taste and flavour improved
consicerably. However germination had an adverse effect on
the cake quality.
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Traditional Indian sweet meat like Holige (sweet stuffed chapathi), Modaka (karji kai) and burfi spoil quickly due to high moisture,
improper handling during preparation and packaging. These products with reduced moisture content were developed using dehydrated
coconut powdler and jaggery and stored for 6 months. These products, without any preservative when packed in paper-aluminium
foil polyethylene laminate pouches were found to be acceptable for i. period of 6 months at 19-26°C (ambient temperature) and

3 months at 37°C.

_Inspite of the feet that most of the tradiitional Indian sweet
dishes have attained familiarity in all parts of the country, their
manufacture is still best done'in their place ofon?m_. Otrace
the origin of the names of various Indian sweet dishes is a
B\IIE problem’. Some preparations are known for centuries,
ereas others are quite recent. Available information on the
method of preparation and marketing of these traditional
Indian sweet meats is scanty. ,

Holige, Modaka and Burfi; the popular Indiian sweet meats,
are made from cocont, JagPery or sugar, wheat flour, maida
Erefmed wheat flour) semofina and vanaspati (hydrogenated
et) after addln% flavouring substance like cardamom. The
proportion of these ingredients used and the method of
preparation may vary as these are not standardised.

efence Food Research Laboratory has recently developed
some gehydrated sweet mixes like so0ji halwa made of wheat
semolina, sugar and a pumpkin halwa macle out of pumpkin,
sugar, and milk powder for introduction into Service ration
packed in flexible pouches. But these items require to be
reconstituted by addition of water or facilities for warmmg
up. This paper describes the methods for preparation an
preservation of three types of ready-to-eat traditional Incian
sweet meats, namely Holige (sweet Stuffed chapathi), Modaka
(karji ki) (stuffed sweet fried in oil) and Burfy based on
jaggery, dehydrated coconut powder and their phan?es in
chemical properties and sensory evaluatlon_durm% sorage
when Ipacked In flexible pouches stored for different perio
and also the effect of preservatives in these proaucts.

S

Materials and Methods

Fully matured coconuts, light golden coloured jag erY,
vanaspathi (hydrogenated fet), cardamom, poppy seeds, who
Amul milk powder, sooji (semolina) and maida (refined wheat
flour) were procured from the local market.

The outer tibre from the coconut was first removed by hand
and then the coconuts were dipped in 2 per cent hleaching

{ Adjucted as best paper in IFCON-88

jaggery and boiled for

powder solution for 30 min to eliminate any foreign
contamination. They were then washed in running tap water
broken into two halves and grated by using a coconut e ectrical
grater. The ?rated coconut along with it original water was
minced well, in a waring blender with addition of extra
quantity of water to get uniform smooth paste. The paste was
spread uniformly on' Kilbum aluminium trays (90 x 45 x
5 cm) at the Tate 15 k% per tray and dried in a Kilburn
cabinet drier at a temperature of 60°C for 5-6 hr at an air
velocity of 180 metersihr. The dehydrated coconut powder
was thén collected and used for the preparation of sweet meats.
. The required quantltg of water was added to powdered
_ 10minon alow flame. The thin syrup
was then filtered through a 60 wire mesh sieve or on a muslin
cloth to remove all extraneous materials present in the Aaggery.
Cardamom seeds after peeling the skin were powdered in
electrical blender to get powder of 30 mesh. Poppy seeds after
Initial cleaning were roasted for 5 min on a iron L)an (tawa).
Preparation of dough for Holige and Modaka: Equal
proportions (24 per cent) of semolina and maidia (24 per cent)
were mixed after initial Sieving, the required amounts (34 per
cent) of water and vanaspathi (18 per cent) were adced and
kneaded well to get a uniform dough. The mix was kept for
3 in moist condition by covering it with, wet muslin cloth,
Preparation of stuffmg: Jaggery syrup was then further
boiled to get Brix of 80° or to a temperature of 105° C, the
dehydrated coconut powder was added and cooked further
to é;et a final Brix of 85°, At this stage, cardamom powder
an fPoppy seeds were added and it was allowed to cool. The
Is\slud vl\ias powdered and used in the preparation of Holige and
ndaka.
_ Preparation ofHolige:  Twenty five%of dough was rolled
Into disc first and then 20 (? of Sweet stuffing material was
placed at the centre and folded. Using a wooden roller it was
rolled into disc of 10-L1 cm diameter It was then baked over
an uniformly heated iron pan at 120°C for 5 min. A little
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vanaspathi was added and both sices baked. The product qour
numbers) was then cooled and covered with polypro_?y ene
(300 gauge% and then packed in paper-aluminium foil (0.02
mm) polyethylene laminate pouches.

Preparation ofModaka: Twenty five grams of dough was
rolled as above, Sweet stuﬁln? material (20 g) was placed
at the centre of the disc and folded into semi circular shape.
The edge was then closed and trimmed ornamentally. The
modakas were then deep)-fat-fried in ol hydro ata température
0f 200-205°C for 5 min and cooled. They were then packed
as described above. _ o

Preparation ofBurfi: - The required (iuantlty ofjaggery wes
made to syrup after preliminary cleaning, mixed with
dehydrated coconut powder and cooked to get a Brix of 80°.
Thé Amul milk powder was mixed well with vanaspathi and
cardamom powder were added at the end. The burfi was then
poured on aluminium moulds pressed and cut into 5 X 5 ¢cm
pieces and packed as above, _ -

The free Tatty acids (FFA), peroxide value (PV, milli eq.
0 2kg fat) weré determined as par AOA C. method? Non
enzymatic_browning, thiobarbituric acid(TBA) value ( pg
MAJkg), citric acid‘and pH were determined35. The colour,
texture, app>earance, taste and overall acceéatablllty were
evaluated using a taste (Panel (8 judges) and expressed as
scores ona & gomt Hedonic scale. ~

One batch (120 numbers) of jaggery holl%e and one hatch
of modaka (150 numbers) were prepared by incorporating
antioxidants butylated hydroxy anisole BHA &0.02 er cent%
citric acid 80.004 per_cen%; and potassium sorbate &0. P_er ceng
and packed as described above. Another batch of holige (12
numbers) and modaka (150 numbers) prepared and packed
as ahove without preservatives but sterilized at 85°C for 60
min in hot air oven. _

Al the above samﬁles were stored at ambient temperature
(19-26°C) for 6 months and 3 months at 37°C. Samples stored
at4°C were served as control. These samples were analyzed
periodically for chemical and _sensor%/ changes.

Large scale preparations consmtmg 00-250 pieces in each
batch of jaggzery holige and modakas were undertaken in
laboratory "to “carry out user trials. Chemical and
microbiological examinations were done to assess variations
of parametérs due to raw materials and this will help while
drawing up specifications.

Results and Discussion

It is seen that the conditions and preparation of hollqe and
moclakas are almost same except modakas are deep-fat-fried
at hlgher temperature, 3 _

Thole 1 gives the per cent composition of raw materials
used for preparation of jaggery holige and modaka. It is seen
that water content of the stuff is only 105 per cent as
dehydrated coconut powder has helped in keeping the final
moisture content of the Product al 1011 per cent. Dough
requires nearly 34 per cent water to have good elasticity which
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Table 1 Composition of dough and stuffin
MATERIAL USED IN THE PREPARATION OF JAGGER
HOLIGE AND MODAKA

Dough composition percent
Semolina 24
Refined wheat rlour 2
Water 34
Vanaspathi 8
Stuffing material composition
Sloconut powcle’,dehydrated é?g
agge :
L -
seeds :
Cae%mom 15

will facilitate its easy rolling. It was observed that the above
formula ga\_/e the acceﬁtable product as judged by taste panel.

Table 2 indicates the chemical and or%anoleptlc changes
of Jag?er_Y_ holige and modaka with and without preservatives
and sterilization durlntt; storilge at different temperatures. It
was observed that mois ureg 6, 112 per cent), total fat (188,
1_9.9,f_pert|cent), sugar (35.2, 35,6 per cent) did not change
significantly.

he FFA)(:ontents of the samples have increased significantly
from 0.15 per cent to 31 to 3.3 per cent at 37°C and at ambienit
temperature both in treated and untreated samples by the end
ofthe stora?e period. Similar observations were made in both
the_products. The peroxide values were slightly higher in
holige in all the three samples at the end of 6 months at
ambient temperature. The increase either in FFA or PV did
not influence the sensory gualltles In both treated or untreated
sam_?_les._ This clearly indicates that either Rreservatlves or
sterilization did not enhance the shelf life of the product. This
ma;é be due to the presence of tannins, reducing sugarseand
S02(180 pp.m.) In jaggery. o

Table 3 indicates ‘the Rer cent composition of Jagélery
coconut burfi. Khoa which used to be the normal ingredient
in burfi has been replaced by Amul whole milk powder and
vanaspathi. Burfi - with this composition. was _highly
acceptable. The chemical and sensory qualities of jaggery
burfi during storage at different temperatures are given in
Table 4. 1t s seenthat there are considerable increases in
FFA, PV and TBA values during storalge at 37°C and at
19-26°C. Similarly NEB values have doubled during the same
period. However; these changes have no effect on senso
qualities_ like taste, colour, “aroma, texture and overall
acceptability. The energy valug has indicated that 100y of
coconut burfi will contribute 500 kcal. _

The proximate composition of several batches of ja%gery
holige and modaka is presented in Table 5. Itis observed that
modaka had less moisture and hl%h fat content when
compared to holl_r};,e because of deep-fat-frying of modaka.
There are no significant changes in other parameters between
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Teote 2 Chemical and o g R BRI N KT DI E AT TENBERAT g vt preservatives and
Storage Sorage FFA (% olsic acid) PV (mill. eq, of O kg f) Organolptic sore
temp. periqd
°C (months) | I Il | I Il 1 Il Il
Holige
Initial 015 (.16 (.16 3h 4,65 122 8 8 8
3 2 2.3 24 2.3 118 107 122 ! 8 i
3 31 31 3l 283 19 207 / 6 6
190 2 19 19 18 13 X 81 / ! i
4 25 28 21 97 193 198 ! ! i
0 32 31 33 298 287 81 ! o/ 6
4 2 11 1 11 . 79 — 8 8 8
4 13 1 13 — — — 8 [ i
6 13 14 14 132 139 141 8 1 1
Modaka
Initial 015 010 016 35 36 41 8 8 8
3 2 13 13 14 108 97 98 ! ! /
3 29 216 28 2.3 28 Y4 ! i !
192 2 19 18 6.9 63 6.9 ! 8 !
4 21 25 29 187 178 191 i i i
0 30 32 283 274 219 i i !
4 2 08 %8 4.7 15 2.2 8 8 8
4 09 - 47 53 8 8 8
6 20 19 19 41 13 139 8 8 8
| No preservatives added L .
I| Presrvatives: BHA 0.02%, + citric acid 0.004% + potassium sorbate 0.2% added
HI Sterilized
L : . the two products, The coconut burfi is having high fat
Tablt? 3. Composition of jaggery coconut burfi (30_per Gent), protein (10 per cent) and tofa Sugars (45 per ce),
Ingredients Per cent Table 6 Indlicates the microbiological Status o jaggery
Dehydrated coconut powder 3150 holige and modaka prepared on large scale. It is seen'several
Jogery 5290 batches of halige and modaka had' less than 1000 colonies
(}mul Wtfg]ole milk powder %50 of bacteria with negligible counts of yeast and moulds. No
Coreere - G pathogens were encountered, Thus, it iS seen with proper care
Weter 830 during preparation, handling and packaging, products with
Table 4. Chemical and sensory changes in coconut burfi (jaggery based) during storage at
DIFFERENT TEMPERATURES
Storage .
_ _ FFA Adidity ~ NEB*
Temp. Period Moisture PV* (% lauic  TBA+ pH (% citric ZSO.D & Sensory
('0) (months) % acid) acid) 0mm)  score
— Iniial 85 155 (i 2 639 034 012 8
3 1 ./ 1% 0.33 32 6.26 0.4 0.165 8
2 85 2.3 049 53 6.23 0.3 0.24 !
3 85 6.74 048 5 6.40 033 0.29 i
19% 2 85 14 0.37 4 6.37 0.4 016 !
4 83 4.58 047 o4 6.46 0.3 018 !
6 86 1% 053 14 6.2 0.4 (.24 !
4 2 84 13 0.2 il 6.3 0.3 013 8
4 83 15 0.28 2 6.45 0.33 0.4 8
6 85 1% 0.28 2 6.32 032 015 [

*Milli eq of 0,/kg tat **NEB: Non enzymatic browning + ¢ melonaldehyderkg sample
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low counts of bacteria, yeast and moulds can be

Table 5. Proximate composition of jaggery based  Obtained/manufactured.

HOLIGE* AND MODAKA

Parameter Holige
Moisture S%) 1@ + 040
Total fat g/?? 1723 + 050
Total proteins (%) (N x 6.29) 561 +0.15
Total ash (% 129 + 003
Acid insoluble ash (%) 0.34 + 005
%rude fibre ‘£§/ 3%3 I 88(7)
Ugars . .
Rg&ljc?na sugtar%} %) 278 + 01

} \Alues are mean + SD of-6 batches
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Sugar holige (sweet stuffed chapathi) and Modaka (karji kai) the known traditional Indian sweet meats have a very short shelf-life
under normal conditions of preparation and storage. These two products were prepared using normal ingredients like sugar, coconut,
copra, semolina, refined wheat flour, vanaspathi and cardamom and were packed in polypropylene and then paper foil aluminium
polyethylene laminate pouches and stored at various temperatures. These two items were found to be acceptable for a period of
two months at 37°C and 4 months at ambient temperatures, without use of any preservatives.

_Sugzar h0|l(1€ (sweet stuffed chapathi) and Modaka (karji
kai), the popular Inciian sweet meats are prepared from Sugar,
coconut, refined wheat flour, semolina, vanaspathi and
cardamom as a flavour component in different proportions
In different parts of the country. The proportion of these
ingredients used and method of preparation varr d_ependlngi
upon the sweet maker or a house wife. These ndian swee
meats are having limited storage life and hence consiclered
as perishable items. Keeping quality of many sweets is not
morﬁ than a few days and in'some Cases not'more than 3-4
weeks'

Packaging of these products to ensure longer shelf life ha
become |mBortant to supply to our Armed forces at far off
Places and because of the increase in exports of sweet meats
from India to some Middle East countries. The main steps
involved in the preparation are stuff making, dough making,
bakln? or frying and packing under hygienic condiitions.
Therefore, a study was undertaken to study the effects of
antioxidants, ﬁreservatlves and packaging materials on the
shelf life of the product during storage at different tempe-
ratures and the results are presented in this paper.

Materials and Methods

Deh_%drated coconut powder was prepared as per method
described earlier2 Sugar, cardamom, poppy seeds,
hydrogenated fat (vanaspathi), copra, semolina and maida
(refined wheat flour) were procured from local market.

Preparation ofdoughfor Holige and Modaka: Preparations
of dough for sugar holige and modaka were done as per the
procedure shown in Fig 1 o

Preparation ofstufflng: Powered sugar was mixed with

dehydrated coconut powdler/dry copra in the ratio 2:1 and
roasted on a stainless steel pan (tawa) for 5 min, then roasted
pop% seeds and cardamom powder were added and mixed
well before cooling to room temperature.

Preparation of sugar holige: Twenty gram dough was
rolled into small disc using a wooden roflerand 15 of stuff
Was Rlaced at the centre and folded to get spherical shape
which was then rolled into a disc 10:11 cm dia meter. It was
then baked over uniformly heated iron pan (tawa) at 120°C
for 5 min. A little vanaspathi was added on Hollge while
baking, similarly the other side of it was baked and cooled
to room temperature. The 8roduct (four in number) was
packed in polypropylene (30 Pauge} and then it was packed

y

i gaper-alummlum foil polyethylene laminate pouches
0.02 mm).

Preparation of sugar Modaka: Dou%h (20 g) was rolled
as ahove, stuffing (15 g) was placed at the centre of disc and
folded into semi circular shape. The edge was trimmed
ornamentally. The modakas were then deep fat-fried in
vanaspathi at a temperature 200-205°C for 5 min and cooled.
Four such modakas were packed as described above.

One batch containing (120 number) sugar holige and one
batch of modaka (150 number) were prepared by incorporating
antioxidant BHA (0.02 per cent) and citric acid (0.004 per
cent) and potassium sorbate LO.Z per cent) and packed as
described above (I1) and another batch of same number of
hollge and modaka was prepared and sterilized in air oven
at 85°C for Lhr (111). A'batch without these chemicals and
sterilization was used as control (I). All these samples were
stored at 19-26°C (ambient temperature) and 4°C (control)
for 6 months and at 37°C for 3 months. Samples were
analyzed periodically for chemical and sensory changes
during storage.

The moisture, free fatty acics (FFA), total sugars, peroxide
value (PV) were determined as per’ AOAC methodL The
colour texture, appearance, taste and overall acceptability
were evaluated using a taste panel consisting of 8judges and
expressed as scores on 9-point Hedonic scale.
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Mixing semolina with refined wheat flour,
vanaspathi and water.and kneading dough

Rolling small balls of dough into round disc

Stutfing the fiIIingél into rolled disc
I
Rolling again

Baking ogl greased tawa

Folding in : emi-dircular shaP and cutting

e edge ormamen zﬁly
Deep fat fryir‘g at 205-210°C
Packing in po_lypl

paper aluminidm
pouches (0.02 mm)

ene and in
Olythene
mm)

|
Packing In po_lypro#JyI
ng_er aluminidm 1ol

oPerne and in
minated pouches (0.0?

oll laminated

Ready-to-eat Holige Ready-to-eat Modaka

Fig. Flow sheet for the preparation of sugar holige and modaka

The recipes used for sugar holige and modaka are as follows
- for dough sooji and maida 24 per cent each, water 34 per
cent, vanaspathi 13 per cent. For stuffing dehydrated coconut
or grated copra 32 per cent, sugar 64 per cent, poppy seeds
2.2" per cent and cardamom 14 per cent.
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Results and Discussion o

It is seen from the flow sheet that preliminary steps are
common for preparation of both holige and modaka except
that modakas are fried at 200-205°C for 5 min.

Thhle 1 indicates. the chemical and sensory changes of sugar
holige witn an wﬂPout preservatives mﬁtepﬁpz%tlon stogre_d
at various temperatures. There were no significant losses in
moisture, fat and total sugars duringstorage both in
preservative treated gsample IQ and sterilized (sample HI) %pto
a period of 3 months at 37°C and 6 months at 19-26°C
(ambient) and control 4°C 9)' The FFA contents at 37°C
stored sample at the end of 2 months increased from 0.1 to
2.9 3per cent. When the FFA contents further Increased to 3.0
and 38 per cent, the treated, sterilized and untreated samples
showed off-flavour by showing rancid smell of coconut oil
as indlicated in sensory score 3. Similar observation was made
at the ambient temPerature stored sample at the end of 6
manths. The product became unacceptable when the peroxide
value increased to 26-27 meq02kg fat at 37°C at the end of
2 months, but when the peroxide values of the stored samples
were between 190 and 20 Rer cent at ambient temperature
at the end of 4 months both treated and untreated products
were_found to be acceptable. Whereas control ‘samples
remained acceptable throughout the storage period.

Table 1. Physico-chemical and sensory changes of sugar holige with and without preservatives and
_ STERILIZATION DURING S]%RAGE AT IFFEREI\?F TEMPERATURES
Storage. .~ Moisture (%) Total fat (%) Total sugars (%) FFA PV Sensory score

Te Period _ _ (% oleic acid)  (meq. of O /kg fa)

(°Cf (months) 10 i 1 0 in 0L W in I M in 1T i Ionom

Initial 68 79 71 U8 A1 198 30 B2 B2 01 0 02 34 33 34 8 1 8

3 2 66 78 71 193 N1 192 319 B2 P2 21 23 290 BL BT B6 1 T 7
3 66 75 72 193 202 00 Bl P2 — 34 30 38 79 63 63 6 3 3

19% 2 67 78 71 195 06 18 P A0 6 19 L7 19 8 8 8 T T T
4 68 77 73 QL 204 02 B0 H0 RO 20 20 271 A7 193 B3 6 6 6
6 68 76 71 194 07 97 A6 HL - 3H 32 A - - 7 3 3

4 2 68 78 72 194 03 198 30 H0 N1 0B 04 04 - — 3B 7 1 1
4 68 78 73 W1 06 199 30 H3 R1 04 04 0B - - 93 7T 1 7
6 67 78 72 21 05 18 RO #6 — 0B 07 0L - - — T 6 6

| .= No preservatives, |1 = with preservatives (BHA 0,02% citric acid 0.04% , and potassium sorbate 0.2%) Il = with preservatives (BHA 0.04%,

citric acid 0.08%, and potassium sorbate 0.2%) and with sterilization

Table 2. Physico-chemical and sensory changes of sugar holige with copra,with and without preservatives

AND STERILIZATION, DURING STORAGE AT DIFEERENT TEMPERATURES
Storage Moisture (% Total fat (% Total sugars (% FFA PV Sensory score

Te Period ¥ ¥ s (1) (% oleic acid? (meg. of Cykg fat) Y

(C (months) 1M m L 0w Wm0 W T T it o

Initial 376 83 28 20 193 B3I BHL F2 0 0 013 3N 34 35 8 8§ 8

3 2 12 75 83 02 05 192 34 6 30 25 28 27 142 U0 U8 7 1 7
3 74 73 83 A7 09 00 B8 - 62 37 33 3B N6 Nl V2 3 3 3

1926 2 13 15 84 03 04 192 B P7 K9 18 18 L7 91 98 98 7 1 7
4 73 14 84 A0 06 202 #2 A4 38 3L 30 B7 N6 N 3 3 3

4 213 75 84 A3 N4 18 Al 6 X6 14 12 12 - - 8§ 1 1
473 75 82 A0 200 01 N7 B2 »7 3 18 17 - - T T 6

| = No preservatives; Il = with preservatives (BHA 0.02%, citric acid 0.004% and potassium sorbate 0.2%) m = as in Il with sterilization.
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ar modaka with,without preservatives during storage

AT DIFFERENT TEMPERATURES

Storage Moisture (%) Total fat (%) Total sugars (%) FFA, PV. Sensory score

Te en%d (% oleic acid) ~ (meq. of 02kg fat)
¢C)  (momtns) 1w MW rwoowm e
Initial 72 81 79 A3 20 A1 R3I B2 0 0 013 0B 32 32 33 7 8 7
3 2 712 81 79 A3 B9 N2 R4 V1 A7 29 28 29 U U2 U8 1 1 7
30072 8 79 A3 N8 03 A6 Ry ALl 39 43 38 He B vl I 3 3
19% 2 12 82 11 A5 09 N4 U2 M0 A0 26 27 26 BT B3I W 7 1 7
4 73 82 80 28, A9 04 R VI vl 30 32 32 23 Al B3 T 1 I
6 13 82 80 204 09 N0 Bo B/ M2 47 48 43 B2 A7 209 3 3 3
4 2 12 82 18 A8 AL 03 M2 B5 45 19 20 19 41 43 43 1 1 1
4 72 81 79 A8 N7 02 A0 AL A7 22 22 24 02 20 — 1 1 1
6 72 82 19 A5 A7 Al B2 B8 A6 23 30 B - - - 17 6 6

| = No preservatives; Il with preservatives (BHA 0.02%, citric acid 0.004% + potassium sorbate 0.2%) 11l as in Il with sterilization,

The chemical and sensory changes of su?ar_hollge prepared
from copra instead of denydrated coconut with and without
preservatives and sterilization are given in Table 2. It was
observed that there were no significant changes in moisture,
fat and total su%ars during storage in all the three samples.
Similar observation was made re%ar_dmg the chan?es in FFA,
PV. and sensory score in sugar holige prepared from copra
also. Changes observed in products containing graced coconut
powder and copra were also similar. _

In sugar mociaka prepared with and without preservatives
and sterilization, the contents of total moisture, fat and sugar
did not show an% significant changes g able 3). When FFA
increased from 011 to 3.2 per cent at 37°C and at 19-26°C
(ambient tem erature2 the Products were found to be
acceﬁtab_le at the end of 2 months and 4 months, respectlvel¥.
Further increase in FFA beyond 4.3 per cent, the products
turned brown, with off-taste and rancid smell, which is
indicated clearly in sensogl evaluation score of 3. When PV,
increased from'3.2 to 18.3 the samples stored at 37°C and
at 19-26°C (ambient temperature) were acceptable. Further
increase in PV. in samples at 37°C, showed a distinct off-
flavour and became unacceptable. When PV, at 19-26°C
increased to 23.3 the samples did not develop any significant

off-flavour or colour and thus the samples showed a score
of 6 out of 9 and the overall acceptability of the product was
good. When PV, crossed 30 the products became un-
acceptable. Thus, itis seen that the sugar holige and modaka
mae out of dehydrated coconut powder or cogra have shelf
life of 2 months at 37°C and 4 months at 19-26°C as against
3 months and 6 months ,resi)ectlvely in jaggery holige and
mocaka as reported earlier
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Attempts were made to enhance the ripening process of buffalo milk Cheddar cheese by addition of protease enzyme. Protease,
(1005, 04)20 and 0.025% (WIW of curd) were added in milled curd along with salt. The flavour development and biochemical changes
in cheeses with added protease were faster than in those without protease. A level of 04)10% protease addition resulted in getting

best cheese.

The flavour formation of cheddar cheese mae from buffalo
milk is slower than that of cow’s milk' *and the main reason
could be slower proteolysis. Proteolysis plays an important
role in the conversion”of calcium-para-caseinate_curd to
mature cheddar cheese. It also influences flavour since free
aming acids have typical *flavour characteristics4 and
contribute to back ground flavour5. The rationale of protease
aadition is to increase casein breakdown which would provide
more substrate for microbial peptidases, thus accelera mg the
Productlon of flavour precursors and flavour compounds69)
n this study, attempts were made to enhance the flavour
development and biochemical changes in buffalo milk cheddar
cheese by addition of protease enzyme.

Materials and Methods _
Manufacture of cheddar cheese: Buffalo milk was
Erocured from the experimental Dairy of this Institute.
heddar cheese was manufactured from 90 1 of milk by
Presalt_mg method!) The milk was standardized to casein to
at ratio of 0.70, pasteurized at 63°C for 30 min and cooled
t0 28°C. To this milk, 1 per cent sodium chloride and 2 per
oent LF-40 starter culture were added. Modilase E()coa‘qulatlng
enzyme) was used for setting the curd within 45-50 min. The
curd was cut and cooked to 37°C in 50 min and cheddaring
was done for about 3 hr to attain acidity of 0.5 per cent lactic
acid. The cheese curd was milled, salted and pressed. The
cheese blocks were ripened partially at 15°C for 3 weeks and
then transferred to 8 + 1°C for complete ripening. . .
_Modilase:  Modilase produced from Mucor miehei in
liquid form, was procured from Wisconsin, USA and used
at the rate of 1407 ml/100 Lof milk.
Protease (Type Ié) groduced from Aspergillus Oryzae was
procured from M/ |t[;ma Chemical Company, USA. The
rotease was incorporated in the milled curd along with salt.
he rates of additions were 0.005, 0.010 and 0.025 per cent
of the milled curd.

The sensory characteristics of cheddar cheese in terms of
flavour and Body and texture were evaluated by a panel of
5 tJudges using “cheddar cheese score card” 2 months
interval upto 10 months of curing. . _

Cheddar cheese was analysed for its biochemical changes,
at 4 months interval upto 8 months of cunn%. The fat in milk
was Cetermined by Gerber method and in cheese by
Mojonnier methodf2 The PH of the cheese was measured
by Using DI?I_ta| PH meter (Elico Pvt. Ltd., Hyderabad). The
soluble protein content in cheese was analysed by the metho

|ubl tent lysed by the method
described by Kosikowskil3 The total frée fatty acids were
determined Ty the method recommended by Rama Murthy
and Narayanan4

Results and Discussion

The effect of protease on flavour and bodX and texture
qualities of cheddar cheese is shown in Table 1 The flavour
of control cheese was flat upto 4 months of npenmg, Whereas

rotease added cheese was normal nqht from the beginning.

hus, protease had stimulatory effect on flavour of cheese.
The 0.005 per cent protease had marginal beneficial effect on
flavour formation in cheese. The higher doses and increased
rlﬁemng period further enhanced the flavour development.
The maximum acceptable flavour wes attained in cheese
containing 0.010 per cent protease at 6 months of ripening.
The highest concentration of enzyme resulted in bitter flavour
development. This may be due to accumulation of large
amount of bitter pepticés. It is re?orted that enzyme treated
cheese developed higher levels of soluble proteins and free
volatile fatty acids and displayed better flavour and
acceptability” than control cheese® Similar observations
were also “reported by several workers for cow’s milk
cheese BT
_ Similarly, the bOdK and texture development was also fester
In protease added cheeses. The cheese made with 0,010 per
cent protease resulted in the most acceptable body. The
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Table L Effect of protease on flavour and body texture of cheedar cheese during ripening

Flavour during indicated ripening period (months)

Treatment Conen.

(%) 2 4 6
Control 3%0 3%5 36.0
Protease 0005 5 3.6 30
Protease 0010 3.0 385 402
Protease 0025 365 g{g 3%0

{ Agapof3trials, _
Flavour: F-Flat, SI.B-Slight bitter, B-Bitter; _
Body and Texture: Cu-Clrdy, H-Hard, W-iesk, B-Brittle

Body and texture during ingicated ripening period
(months)

8 2 4 6 8
315 250 50 260 265
HCu H,Cu.
385 255 265 2770 272
400 %C 715 28 287
20 7C 215 260 210
WB WB

Table 2. Effect of protease on changes in E)tle soluble proteins and free fatty acids in cheddar cheese

RING RIPENING

PH during inajcated ripening

Treatment Concn. period (months;

(%) 0 4
Control 520 528 541
Prcttease 0.005 Yl h33 046
Protease 00L 523 537 550
Protease 0025 521 542 562
* Average of 3 trials.

highest level of enzyme addition resulted in softer, brittle,
less springy and less cohesive cheese. These defects were
more pronounced towards the end of ripening period. This
may be due to excessive proteolysis. Our findings are in
a?relgénent with those reported by Fedrick et at. and Ridha
el al't.

The effect of protease on change in pH, soluble protein
and free fatty acids in Cheddar cheese durln% npenmg IS
gresent_ed in Table 2. Initially, the pH ranged trom 5.20 to

21 being the maximum for cheese containing 0.025 per cent
protease and the minimum for control. These pH values
Increase with the progressive ripening time. During npenmg
the protease adaed cheese showed higher values as compare
to control. This may be due to release of more basic amino
gﬁoups by higher proteolysis that took place in experimental
cheese.

The proteolysis in control cheese was the slowest as
compared to that of experimental. Proteolysis enhanced by
the addition of protease in cheese curd. The casein hydrolysis
was positively related with |ncreasm%enzymeconcentra lon
and storage time. The values of soluble proteins in protease
containing cheese of 2 to 3 months old were equivalent to
that of 8 months old control cheese. The greater acceleration
of proteolysis was achieved by protease by many
workers ",

The I|p0_|¥3|s in experimental cheeses also was accelerated
by the addition of protease. Free fatty acids ?}FF_A) In cheese
increased with the increase ripening time. The lipolysis was
positively related with concentration of enzyme and period

Soluble proteins during indicated

Free fatty acids during indicated

ripening period (months ripening period (months
OP 9P4( ) Op 994( )8

8
116 326 416 242 1010 172
14 4.9% 6.9 292 120 1840
190 6.05 194 330 1310 1920
220 182 910 368 13% 2010

of storage. The maximum free fatty acids were noticed in
cheese qontalnln(lz maximum protease. Whereas, the values
of FFA in control cheese remained at lower side throughout
the ngenmg. The stimulatory effect of protease on lipolysis
may De dug to split of lipd-protein system by which "the
lipolytic activity got accelerated.

The flavour formation in buffalo milk cheddar cheese could
be enhanced by addition of protease enzyme and hence
considerable amount of time and energy can be saved.
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Effect of Cooking on Lipid Composition of Buffalo Bone Marrow
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Samples of femur marrow of buffalo were analysed for total, neutral and phospholipids (TL, NL and PL). Effect of cooking of
bones on lipids and their fatty acid composition were determined. Major lipid was triglyceride (TG) in femur marrow. In PL fraction,
phosphatidyl choline (PC) and phosphatidyl ethanolamine (PE) were predominant. Bone marrow contained 42-46% saturated fatty
acids of which the major components were palmitic and stearic acids. Monounsaturated fatty acids (50-56%) comprised
mainly of oleic and palmitoelic acids. The polyunsaturated fatty acid (PUFA) contents were limited to 1% in TL and 3% in PL.
Linoleic and linolenic acids were present in PUFA. Cooking had influence on lipid content and pressure cooking released greater
amount of NL from marrow into the soup. Pressure cooking caused a decrease in saturated fatty acids.

Buffalo meat is usually separated from bones for export
or preparation of meat progucts. Further bones are utilised
for making bone soup. Besides proteins and minerals, bone
provides variable quantities of marrow which is a rich source
of lipidsL The importance of lipids and fatty acids as dietary
constituents is well known. Few studies have been made on
liid and fatty acids of buffalo muscles2®. Information on
lipid and fatty acid composition of bone marrow from huffalo
IS, however, not available,.

Cooking affects composition of lipid and common methods
of cookery are known to accelerate the meat lipids5. In

with bone is cooked for 5-6 hr on slow fire. For preparation
of bone soup also, bones are cooked for long time. Thus,
It is necessary to know the effect of cooking on marrow lipids.

This study was, therefore, undertaken to determine the effect

?f coogm (|>n lipid and fatty acid composition of bone marrow
rom buffalo.

Materials and Methods ,
Femur bones of freshly slaughtered buffalo were obtained
from local meat market and subjected to two %ypes ofcookin
(i) simmering under water in OBen_kettIe or 6 hrand (i
pressure cooking (15 1o PSI) for 90 min. Marrows from fresh
and cooked bones were removed and mixed separately. Ten
gram marrow samples from each group were taken for
extraction of |IE)IdS b¥ method of Folch et al.6 Extracted
samples were taken Tor estimation of neutral (NL) and
phospholipids (PL) and free fatty acids (FFA). Thin' layer
chromatography % LC) of NL and PL was carried out'on
silica gel plate {_2 0 thickness) for seFaratlon of NL, and
PL8 For separation of NL, triple solvent systems containing

*INRA, LAOA, Nantes, France.

preﬁaration of a certain meat ﬁroduct viz. Nihari buffalo meat P

hexane: dieth¥l ether; glacial acetic acid were tried in
roportions of 60:40:1, 80:10:1 and 30:70:1 respectively7.
or separation of PL, chloroform;_ methanol: 7M ammoniim
hydroxide in the ratio of 115:45:75 (viviv) were employed.
Spots of NL and PL were identified by comparing their Rf
values with authentic standards co-chromatographed with
each run. Each spot was scrapped and glycerlde-ﬁlycerol from
mono-di- and triglycerides was estimated9. The procedure
of BartlettD as madified by Marinettil was_ used for the
estimation of PL phosphorus. Certain PL havmg very close
Rf values viz, phosphatidyl serine (PS) and lysophos-
hatidylcholine (LPC), lysophosphaticyl ethanolamine H_PE)
and y mgom%ellne 5 HE’ and phosphatidic acid (PA) and
polzg cerol phosphatide (rA+P P) were not always distinct
In buffalo marrow lipid. Therefore, to kegp the uniformity
in expression of results, these PL fractions were eluted
to?et_ er. Free fatty acids (FFA) were estimated
colorimetrically2 For estimation of cholesterol, method of
Hanell and DamBwias followed.

For fatty acid analysis, methyl esters of the TL, NL and
PL were prepared aS described by Homstein et alH Gas
liquid chromatography of the methyl esters was performed
ona Giidel 300C gas chromatogram paired with an integrator
Enica 10 (Delsi Instruments). The capillary column (50 m
long and with a 0.25 mm’internal diameter) containin
statlonar%/ phase-BDS was maintained in the oven at 190°
and the flow rate of hydrogzen was 1 bar. The injector and
detector temperatures were 230°C. The individual fatty acid
peaks were identified b){ comparing equivalent chain [ength
(ECL) with those of standard fa% acid mixtures (Slé;ma
standard 189-5, Suelco Inc., PUFA 24-7015) and the ECL
published by Massart-Leen et al.'s The results were
expressed as per cent of the weight of methyl ester injected.
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Results and Discussion

The lipid composition of buffalo bone marrow and bone
soup fat are presented in Table L Pressure cooking of bones
resulted into more release of the total lipids from marrow as
compared to the simmering. Accordingly, soup fat obtained
out of pressure cooked bone had higher amount of total lipids
than those of simmered bone. The predominant lipid present
in marrow was NL. In the NL fraction, the majority of the
lipids (97 per cent) were triglycericles (TG). Gholesterol
content was 1.6 per cent (Table 2). Mellow ef al. Breported
almost similar value for cholesterol in bovine marrow of
femur bone. Increase in monoglycerideS (MG), diglycericles
(DG) and FFA and simultaneous decrease of TG due to
cooking could be due to hydrolysis of TG to MG and DG/

Individual fractions of PL are shown in Table 3. Almost
60 per cent of all fractions was PC. Next predominant fraction
was PE. Distribytion of these PL fractions of buffalo femur
marrow apPrommated o that found in cow marrow
Contrary to the observation in cow marrow, the buffalo femur
marrow contained appreciable amounts of LPC, LPE and PS.
There was reduction invalues of PE due to cookmF but same
was not true for PC which seemed to be more stable to heat®
_ The composition of fatty acids of total, neutral and polar
ITlplds of fresh and cooked buffalo, marrow are given in

able 4. The identifiable fatty acids which represent a

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

minimum of 0.1 per cent of the total fatty acids are reported
in the Table. o _

In_bone marrow, the principal fatty acids found were
mngStIC (10:0), palmitic %6:0&,I stearic %18:0), palmitoleic
(16:1, N-9, 7) and oleic f(1 1, N-9, 7). There were about 4
per cent branched chain fatty acids. Linoleic acid was almost
4 times more than linolenic acid. _

To our knowledge, there is no report on fatty acids of
buffalo bone marrow for direct comparison. “However,
patterns of fatty acids obtained in the present study are almost
similar to those of marrow fatty acids of cowBwith major
difference that oleic acid (18:1) was comparatlvel¥ more i
buffalo marrow lipid as compared to that of beet marrow.

In NL fraction of marrow C: 16, C: 18 Cl6: 1and CI8:
1accounted for approximately 87 per cent of the total fa
acids, Oleic acid (C18: 1) was the major fatty acid in N
fraction, which is in agréement with the findings of other
workersB8 .

With respect to the PL fraction (Table 4), the ercenta%e
of total monosaturated fatty acids was less than those of the
TL and NL fractions. Only two fatty acids i.e. linoleic and
linolenic were in PUFA. ~ _

On the basis of results obtained, it can be said that marrow
as%I food is a rich source of energy with some essential fatty
acids,

Table 1 Total lipids (t1> neutral lipids (n1)and phospholipids (pl; (g per 100 g sample) of buffalo bone marrow

TL NL PL NL* PL*
Raw hone marrow 571+ 02 50.24 + 0.23 446 + 005 9185 + 0.10 815+ 010
Simmered bone marrow 4846 + 051 44.95 + 048 350 + 0.04 9277 + 0.04 7.23 + 0.04
Pressure cooked bone marrow 38.14 + 008 35.55+ (.23 260 + 024 9316 + 0.64 6.84 + 0.64
Simmered bone soup fat 4711 + 0,04 4510 + 0.03 201 + 002 %L+ 003 428 + 003
Pressure cooked bone soup fat 62.22 + 0.06 5981 + 0.03 241 + 003 96.12 + 0.06 388 + 0.06
*0/100 g of total lipids. (Mean + SE)
Table 2. Effect of cooking on neutral lipid fractions (%) of buffalo bone marrow
Sample TG MG DG TC FFA
Mean + SE Mean + SE Mean + SE Mean + SE Mean + SE
Raw bone marrow 97.04 + 0.16 — 065 + 0.02 161 + 014 051 + -
Simmered bone marrow 9555 + 013 020 + — 0.73 + 001 157 + 0.02 149 + 001
Pressure cooked bone marrow 94.23 + 0.08 051 + 003 150 + 0.04 181 + 004 178 + 003
TG Triglyceride, MG Maonoglyceride, DG Diglyceride, TC Total cholesterol, FFA Free fatty acids.
Table 3. Effect of cooking on phospholipid fractions (%) of buffalo bone marrow
Fractions RBM SBM PCBM
Mean + SE Mean + SE Mean + SE
Oif + PI 401 + 0.03 389 + 001 365 + 0.06
PS + LPC .22 + 0.06 9.35 + 007 1091 + 005
LPE + SPH 6.42 + 0.06 68l + 007 6./5 + 0.05
PE 15511 + 003 85 + 007 9.20 + 0,03
PC 58.10 + 0.06 6146 + 0.73 60.34 + 0.05
PA + PGP 8120 + 0.08 898 + 0.05 8.53 + 0.04

RBM Raw hone marrow; SBM Simmered bone marrow; PCBM Pressure cooked hone marrow.
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Table 4. Fatty acid composition of total lipids (t1> neutral lipids (nl1) and phospholipids (pI>of
BUFFALO BONE MARROW

_ Raw bone marrow

Fatty acid

%) TL NL PL TL
140 250 16 250 2.10
150 135 165 125 095
160 24.15 245 545 26.05
170 13 156 15 165
180 9.30 9.45 123 975
Saturated (satu) 3810 310 4330 4110
Branched satu. 380 320 355 4.00
Total satu. 4245 4.3 46.85 4510
16: IN-9 0.85 0.80 0 0.60
16 IN7 790 6.5 560 6.25
1 165 15 14 180
18 IN9 44.20 45,55 40.05 40.65
B INT 125 160 1% 360
20:1 0.40 0.5 15 0.50
Monounsatu. 56.25 56.60 50.20 533
182 N-6 0.9 15 2.10 1.20
183 N-3 0.30 040 0.05 0.35
Folyunsatu. 125 1% 320 1%

Distribution of tatty acicls were altered due to cooking and
method of cooking had influence on fatty acids. The pressure
cooking caused major loss of saturated fatty acids. As pressure
cookln(,{ resulted in higher loss of total lipids in the form of
soup fat, the lower values were recorded in pressure cooked
as compared to those of simmered marrow. The concent-
ration of monosaturated fatty acids increased with pressure
cooking. It is hard to offer @ suitable explanation for such
changes but results were consistent for mono-unsaturated fatty
acids in TL, NL and PL fractions. No appreciable difference
due to cooking was ohserved in PUF

_ Alteration in marrow lipids during cooking appears to be,
in part, a function of temperature and pressure. However,
more work should be performed towards the transfer of heat
ina multlp_hasm system such as bone, cooking condition and
their relationship to fatty acids.
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Coorg mandrin juice concentrate (68°Brix) was prepared using forced circulation evaporator. One batch of concentrate was prepared
after aroma recovery. The fresh juice concentrate, aroma stripped juice concentrate and stripped juice concentrate to which recovered
aroma was added were packed in plain OTS cans (A 2Vz), high density polyethylene bottles (1 kg) and paper/aiuminium foil laminate
pouches (750 g). They were stored at 25-28°C (RTj, 0°C, -8°C and -18°C and analysed for various quality parameters like browning
index, carotenoids, ascorbic acid, cloud and sensory quality. It was found that concentrate could be stored without appreciable
changes for six months at 0°C For longer storage, temperature below 0°C are preferable. Orange juice concentrate with and without

aroma addition did not show any difference.

The literature concerning changes which occur during the
storage of citrus juice concentrate showed that non-enzymatic
browning, ascorbic acid degradation, changes in lipid
constituents and the terpenes, are the main reactions which
govern the shelf life of citrus concentratest3. Browning in
Citrus products has been associated with the degradation of
ascorbic acidd. It is shown that, browning in Citrus juices
3opears when 1015 per cent ascorbic™ acid has™ been

egradeds. Water insoluble solids increased during storagie
of orange concentrate6. At 155°C, decrease in water soluble
ptectllnland loss of cloudiness have been reported by Rouse
etall

For optimum flavour, agueous essences are added to the
concentrates to impart fresh aroma, Dougherty et al.*
Indicated that in orange juice there was an optimum level for
essence and above this level a decrease in flavour quality
resulted. The present study was undertaken to arrive at the
shelf life of mandrinjuice concentrate packed in cans, HDPE
bo(tjtlefga%d |laminate pouches during storage at RT, 0°C, -8°C
and -18°C.

Materials and Methods , , _

Raw material: - Coorg Mandrin oranges of main crop with
fully developed colour were purchased from the local market.

Juice extraction: - Oranges (2000 kg) were washed in
water and peel was removed by hand. The orange segments
were fed into screw type juice extractor and the juice was
collected. The juice was Centrifuged in a basket Centrifuge
to reduce the Pulp content to 1°per cent, The juice was
pastteurlzed In the pasteurization section of aroma recovery
unit.

Aroma recovery: - Aroma concentrate from orange juice
was recovered i a pilot plant model aroma recovery unit

fap  cans and stored a

(Holstein and Kappert, W Germany) using the principle of
evaporation and ,ractlonal distillation. The per cent water
evaporation required to separate 90 per cent of the orange
aroma was determined in the laboratory by distilling off
different _percenta%e of water from 500 mil orange [BUICE and
dete_rmlnln? the chemical oxygen demand SC. .D.) of the
distillated. Tt was found that 25 per cent water evaporation
was sufficient to recover 90 per cent of the volatiles. In the
aroma recovery unit, orange aroma could be concentrated
to 80 fold strength. The aroma concentrate obtained had about
80 per cent of the volatiles initially present in the juice.

oncentration ofjuice: Pasteurized orange juice as well
as aroma stripped juice were concentrated t0 68° Brix in a
forced circulation evaporator operating at 45°C.

Packaging and storage ofjuice concentrate: The aroma
stripped {UICE concentrate was divided into two equal lots and
to one lot, half of the recovered aroma concentrate was added
(100 per cent level). The fresh juice concentrate, balanced
stripped [JUICG concentrate and aroma stripped juice
concentrate x>which recovered aroma was added were packed
inplain A 244 size OTS cans, HDPE containers (L kg capacity)
and laminate pouches (750 g capacity). The containers were
stored at room temperature (RT) (25-28°C), 0°C, -8°C and
-18°C. Fresh oran?e Juice was also canned in plain A Vh size
cans and 0°C which served as a control in sensory

valuation.

Preparation ofbevera%e: The bevera(,zes from concentrates
were prepared to give the final product having 15 per cent
Juice, 15 per cent total soluble solids content and 0.25 per
cent aciaity.

Se,nsor¥
quality 0
commiunicative panel was initially traine

evaluation:  The important criteria of sensory
orange was analyzed. A growo of 20 descriptive-
for (1) identification
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of orange aroma at threshold in ascending concentration
sequence and (ii) testing of orange juice prepared as ready-
to-serve (RTS) by ranking method for attributes of colour,
aroma and overall quality. These methods were chosen to
identify aroma difference more critically and also follow with
observations at use level. The test samples were tested along
with canned ffesh juice from the same lot as control sample.
The data obtained were analyzed for statistical significance
using Bureau of Indian Standard Specificationstl

_ Chemical analysis: Ascorbic acid was determined by
indophenolxylené extraction method as described by
Robinson arid Stotz2L Alcohol soluble colour (ASC) i.e.
browning index was determined as detailed by Chan and
Cavaletto? Carotenoids were determined according to the
standard A.Q.A.C. method3 CloOd was determined
according to McCollach and Randall4

Results and Discussion ,

The material balance data for orange processing are
presented in Fig 1 The analyism of orange juice and
concentrate is reported in Table 1 Winter (main Crop) crop
oranges have better sugar/acid balance and lower bitterness
as compared to rainy season orangesh Therefore, for

Oranges (2,000 kg)

Peeling

1
| i
Peel (564 k Segments (1,435 ki
(g8.2%§) y (75. %) d

I I
Juice (1,017 k Pomace (422.8 k
(5%.8%) J ( (21.1(%;

Fig.l.  Flow diagram for mandrin orange processing.

Table 1. Analysis gf orange juice and
juice concentrate

Juice Concentrate

Soluble solids (*Brix) 10 68

Alglldlty (% anhydrous citric acid) %0 %é
protaJ carotenoids ( f 8/100 9) 14 500
Ascorbic acid (mg/100 g) 3% 205
Pectin (%) 0.52 351
Browning index (O.D at 420 nm) 0.082 15
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processmtg into concentrate the former was preferred. The
concentrafes stored at -18°C inall the three gpes of containers
did not show any increase in browning (Fig 2A). At -8°C
and 0°C, there was only gradual increase in”browning upto
6 months storage; the extent of browning in all the three
containers was same. While b_rownln? of the concentrates
stored at 0°C became perceptible only after 6 months of
stora%e, those at RT showed perceptible browning after 3
months of storage. Among the containers, cans showed least
brownmgi followed by laminate pouches and HDPE I[ars.
Marcy et al.,’ found that storage temperature and time
significantly affected the absorbance at 420 nm of non-
enzyme treated orange concentrate (66° Brix). The role of
stannous ions and the reducing atmosphere inside the plain
cans are the major factors which retard the browning
reactions. The laminate pouch with aluminium foil has a
lower oxygen transmission rate than the HDPE container
which hds"shown the highest browning rate. At -18°C, there
was no loss of ascorbic acid (Fig 2 B). However, at hlqher
temperatures the losses were significant. Ascarbic acid loss
at 0°C and RT (25-28° Cz_ after”six months of storage were
30 and 80 per cent respectively. Among the containers, cans
and laminated pouches were Detter comg_ared to HDPE f;]ars
In retaining ascorhic acid during storage. Similar findings have
been reported by Bisset and BerryLior frozen concentrated
orange juice. Changes in carotendid content during storage
at different temperaures in different packages are represented
in Fig 2C. There was & negligible change in carotenoids
content during storage of 6 months at -18°C and -8°C in all
the three types of containers. At 0°C, there was about 20 per
cent decrease in carotenoid content in cans and pouches and
about 30 per cent in HDPE jars. At RT, there was about 40
per cent decrease in cans while there was about 46 per cent
decrease in pouches and. HDPE jars. Although the all trans
configuration of carotenoids precominates in most fresh plant
extracts, approximately one-third of these molecules
undergoes spontaneous 1somerization to the cis formZ The
rate of isomerization is enhanced by exposure of the extract
to light and/or heat, _ o

Fig 2 D shows the extent of cloud loss in orange juice
concéntrate in different containers during storage. The Cloud
loss was dependent on storage t_emﬁerature. Among the
containers, there was no difference in the extent of cloudloss.
Cloud loss is believed to be the result of pectic enzyme
activity on natural pectin in the juice. Rouse et al.1 reported
that at 40° C, satisfactory cloud was retained in eight orange
concentrates (42°Brix) having various levels of pectin esterase
activity and pectin. When Rectln esterase was Same, orange
conceritrate containing high content of pectin had a longer
storage life than that with low content of pectin.

The threshold of orange aroma in fresh juice was 1:900
as recorded by the panel while in the product after
concentration, the strength was only 20 Per cent of the orlglnal
(1:180). Adadition of aroma improved it to 50 per cent (1:450).
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However, the quality was modified and found to be more
reen’ ‘fruity” and lacked typical orange aroma. The

Ifference between the aroma Proflles of fresh orange juice
and recovered aroma reconstituted juice from conceritrate
could be due to the loss of oil fraction of orange aroma. In
the aroma recovery unit, though most of the water soluble
aromavolatiles could be recovered into the aroma concentrate,
a larger portion of the oil fraction is Jost in the column's
bottom. Storage of these concentrates into three containers
and as four terperatures revealed that upto three months, no
significant difference was seen among stored samples.

= Laminated pouch; ¢ = HDPE hottles

Analysis of RTS beverage by ranking test showed that at
3 months, the HDPE storéd sample had picked up off-note
and was darker in colour than the samples stored in laminate
and in can at all the temperature congitions. The concentrate
samples were also confirmed to be different and less intense
than fresh sample as found by threshold test. The stugy
therefore, concludes that if” care is taken in .initial
concentration of orange Jmce and necessary aroma
concentrate and peel oil is added, the producct can'be stored
well in either metallized (POl ester or can at all the four
temperatures for a period of three months while HDPE
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packing is not suitable to retain sensory properties. 7. Rouse A H Atkins C D and Moore E I, Fagtors oontributingi to the
sltlorg%g life of frozen concentrated orange juice, Fd Technol, 1957,

8 Dou%herty M H Petrus D R and Fellers P J, Effect of essence
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Lysozyme interaction with food dyes causes conformational changes in the former. The dye concentration at which conformational
transition appears is lower in the case of PAO/WHO-accepted food dyes such as tartracin and indigotin, than non-accepted ones
such as eosin gelblich, although the absolute intrinsic protein viscosity in the presence of the latter dye is twice that of the former
ones. However, these conformational changes do not alter the Iytic activity of the enzyme, as evidenced by bacterial susceptibility
tests, either through diffusion in agar or through dilution in culture broth, at these dye concentrations.

The interaction that takes place between molecules and its

W%/smo-chemlcal environment may affect its structurel
en a non-covalent ligand bond to macro-molecules takes

place, a fixing of such ligands to certain areas of the
macromolecular architecture ensues stoichiometric complex,
as well as a modification of the macromolecular environment
(preferential sorption)2 leading to a possible local or
general re_or%anlzatlon of the macromolecular coil, finally
resulting in the appearance or disappearance of differerit
functional activities from those present up to that point.

When _biomolecules are in solution, they show
characteristically distinct conformational parameters such as
superficial accesible area, and molecular shape and volume.
These factors are resP_onsmIe for thermodynamic _and
hydrodynamic properties that characterize solutions
contamln% such macromolecules3 These properties are
altered when an agent induces conformational changes in a
macromolecule. Differential refractometry and viscometry
are capable of assessing some of thé aforementioned
properties, and in an indirect way inform the conformational
parameters previously mentionéd. _
~ Inorger to determine whether the conformational changes
in lysozyme, may affect its biological function, a bacterial
suscepti |I|t%/ test is performed "Using a microorrganism
susceptible fo such an enzyme, employing agar diffusion or
culture broth dilution methods.

aterials and Methods
_MT_\t/vo types of H”yeé were used in this study, tartracin7 and
|nd|?ot|n4'58']1 permitted in food industry and eosin
gelblich45B%not permitted. Tartracin belongs to category A

of the FAO/WHO organizationZ It is a monoazoic dye with
a molecular weight of 534.7 g/mol. The latter, indligotin,
belongs to category B of the FAOWHO or?amzatlonlz It
IS an IndI%O_Id dye with amolecular Wequh'[_ 07 466.36 g/mol.
Eosin gelblich is included in the toxicological category C-I3
of the” FAO/WHO organization2 This dye is & xanthic
derivative with a molecular weight of 691.88 g/mol, and is
used in different cosmetic products (lip sticks, makeup, etc),
and as dye in the textile and fa er industries. The protein
chosen was I%/sozgme (EC. 32.1.17) fromegg whites, supglled

Selrva at 25,000 U/mg and a molecular weight of 140,000

mol.

: The binary mixture dye-water was prepared at a percentage
we§ht concentration, with mixtures rangln? between 0 and
0.0 ger cent. The lysozyme concentration for each mixture
was 2.5 per cent by volume. The intrinsic viscosity of the
lysozyme in the different solutions was determiried in a
modified Ubbelhode suspended level viscometer immersed
in a thermostatic bath at 298°K, with a temperature control
of £0.05°K, by double extrapolation using the Hugginsh
and Kraemer? equations.” .~ . _

The differential refractive index increments of the solutions,
dn/dc, were measured at 298°K and 633 nm in a Brice
Phoenix differential_refractometer model BP 2000, equipped
with a He-Ne laser. The refractive indices of the pure Solvents
and of the mixtures were measured at 298°K in a Warszawa
precision refractometer.

The partial specific volume of Iysozyme, V, has been
calculated from refractometric measurements using the
equation:;

dn/dc y (n—ng

Correspondence address:  Avda Basagoiti, 8-1°C 48990 Guecho, Algorta Vizcaya, Espaiia.
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where dn/dc_is the differential refractive index increments
of the solutions, n and no the refractive index of the
lysozyme in water and water, respectively. _
Two different procedures were used in the bacterial
susceptibility test; agfar diffusion, and dilution in culture
roth. The” agar ditfusion technique usedl, was that
modified by Bauer® with Mueller-Hinton I (BBL) a%ar &
culture medium. Each lot underwent a quality control test®)
using control strains2) The different agar plates were
inoculated with Micrococcus luteus ATCC-9341, grown in
blood-agar medium. Six filter paper discs impregnated with
the corresponding solutions were placed on the agar plate in
the following arran%ement. Four discs contained lysozyme
dissolved in‘water at concentrations ranging between 1 and
10 per cent; one contained the. ternary mixture
g/sozyme/water/dye with 2.5 per cent lysozyme and at the
ye's critical concentration; and one” coritrol disc only
contalnlnF dye, used as control. N
The culture broth dilution test was used for determining
lysozyme’s minimum  inhibitory concentration (MIC),
compared with the lysozyme dye systems which induced
conformational changzes, as determined by other methods, The
starting solution contained 100 mg of enzyme in 1 ml sterile
Mueller-Hinton culture broth, the usual protocol for the case
was followed. In the case of eosin gelblich, a minimum
bactericidal concentration (MBC) had'to be done, since the
MIC reading was not possible to do.

Results and Discussion

The changes in the protein’s intrinsic viscosity, [n], as a
function of the binary mixture water-cye compasition, U2
for each of the dyes Under study can be observed in Fig. 1
Eosin gelblich induced a conformational change in lysozyme
at dye composition of 0.045 Per cent; while tartracin and
indigotin gave rise to conformational transition at a
concentration of 0.0i per cent, Therefore, tartracin and
indigotin, - induce conformational changes at lower
concentration than eosin gelblich. However, the value in
absolute terms of the protein’s intrinsic viscosity is almost
twice as high in the case of eosin gelblich as can be seen
in Fig 2. This finding sug?ests that this dye shows greater
affinity for the biomolecule. .~ _

The'changes in the refractive index increments as a function
of dye concentration can be seen in Fig. 2. Tartracin induces
conformational changes at a lower concentration of 001 per
cent, indigotin camé next at concentration 0.015 per cent,
and finally eosin gelblich at concentration of 0.025 per cent,
the degree of change induced by each dye, being 5.1, 6.8 and

8.5 per cent respectively. Nevertheless, that degree of change

experimented by the partial specific volume (Table 1),
indlicated that the lysozyme-dye interaction was more effective
in the following Orcer:

eosin gelblich > indigotin > tartracin
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Fig.2. _Deﬁendence of dn/dc on the volume fraction of dye for lysozyme
in the water/dye system, (0) eosin, (A) tartracinanid («) indigotin.
Attempts were made to determing whether the
conformational changes iinduced by the dyes on lysozyme
also affects its biological function using Micrococcus luteus
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Table 1. Partial specific volume values (ml/g) of

LYSOZYME AS A FUNCTION OF DYE CONCENTRATION

U2 (%) Tartracin Indigotin Eosin gelblich

0.00 0.733 0.733 0.733
001 0.945 0.925 0.930
0.02 0.900 0.910 0.955
0.025 — — 0.960
0.03 0.875 0.890 0.940
0.035 0.865 0.885 0.930
0.040 0.870 0.890 0.945
0.045 0.890 0.915 —

0.05 0.925 0.955 0.985

ATCC9341 as the susceptible microorganism. Linear
_reg,re,ss,mn and correlation analyses were done between the
innibition halos and their respective lysozyme concentration
by the agar diffusion method. A Pearrson linear correlation
coefficient of r = 0.9211 was found, This value was contrasted
with the hypothesis p = 0 (population correlation coefficient),

through the statistician t,2 = rvn-2/ " —r2 with the
result that such hypothesis was reAected, indicating the
existence of a strong random dependence, very closé to a
functional one, between both variables studied. The
re%ressmn line equation vva}/y = 9.9502.10%6 + 7.6574,
with an estimation error of ~ = 0.8231, showing the
accuracy of the fit. The Rre_sence of significant statistical
differences among the inhibition halos"of each lysozyme
concentration used, was_ verified by means of one-way
ANOVA, with a resulting valug of Fx = 85.885**
(p<0.002). The hypothesis of normality and homo-cedasticity
were confirmed prewouslg through Barlett test, with a
resulting value of X2 = 3.3463, which was not significant,
against the critical value for four deg_rees of " freedom
%grrregponglgi} to the five groups studied (X4 = 9.94

In order to test whether the dye modified the Iytic activity
of lysozyme, a contrast hetween the means of both groups
wag donie at the same concentration, when the dye was added
to the disc at a concentration which in the refractometric and
viscometric studies produced conformational changes in the
protein (0.04 per cent for tartracin and indigotin and 0.03 per
cent for eosin gelblich). Using Student’s tést, a value oft =
0.5425 was found (t*w= 2.228), which was not significant.

With regard to the culture broth dilution procedure, the
MIC value was the lowest lysozyme concentration at which
disc did not show any visible"growth. In our case, this
parameter was 0.78 m? ml, either In the presence or ahsence
of dye. In the case of eosin gelblich, the reading was not
possible due to the presence of_aﬁgregates, thus a MBC
determination was done, which™ was the Iysoz¥me
concentration that induced the death of 9.9 per cént of the
bacteria incubated on petri discs for 48 hr. The MBC value
was 1.56 mg/ml for lysozyme in water and 3.125 mg/ml in
the presence of eosin gelblich.

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

The results of the microbiological tests showed that there
was significant bacterial susceptibility to lysozyme in the
medium, and that the introduction of dlyes fo such medium
did not affect to a significant degree the enzyme’s lytic
activity. Therefore, the conformational changes ohserved by
Physwo-chemlcal methods, must be due to dye adsorption
0 fesidue which do not form part of the enzymie’s active site,
thus not involving its enzymatic activity.
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A dry extrusion cooker Insta Pro 2000 was used in the study for
extrusion of soy rice blend in proportion of 30:70. It was observed
that extrusion at lower level of moisture (12% wi) is most suitable.
The highly puffed product having bulk density of 266.23 kg/m3,
WAI of 4.09 was obtained at this level of feed moisture. The
moisture content of the final product was also lower (6.0%)
avoiding need for further drying.

Extrusion cooking is a thermally efficient grocess and offers
many advantages n pro_c_essm? of soy-based products'.
Soybean contains antinutritional Tactors like trypsin inhibitor
urease enzyme, which are to be eliminated without
degradation” of the protein2 For this purpose, a high
temperature short time process of extrusion is very effective.
The low cost autogenous extruders have been found effective
for produu_n? nutritious products based on soybean for human
food especially for less developed countries. The processing
based on low cost extrusion cookers E)LEC) IS malnl¥ a
dry process, hence need for a dryer and
thereby lowering the cost of the plant. _

Oné such dry extruder model Insta Pro 2000 (Fig 1) wes
evaluated for extrusion of soy and rice blend and the results
are given in this note. o _ _

The extrusion cooker shown in Fig L consisted of cast iron
barrel and screw segments. Screw segments sliped over a
central keyed shaft with ring like restrictions called steam
locks placed between screw se%ments. Barrel segments are

oiler is eliminated

clamped together to form a continuous barrel. Infernal wear b

rings in barre| segments are replacable. The die was a single
hole with adjustable clearance. A variable speed injection
auger feeds the extruder. The production rate for this machine
varies between 450 and 750 kg/hr at 540 r.p.m. Extrusion
temperature for cereal ased product ranges etween 150 and
170°C. Pre-grinding of ingredients_is required for efficient
extrusion o?eratlon and product uniformity. Addition of 3-5
{Jer cent water to dry fee (f12-l8 per cent feed moisture) eases
he extrusion. Maximum feed moisture limit in this unit is

*INKVV, Jabalpur
} + Colorado State University, Ft. Collins, USA.
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reported to be 20 per cent. Adjustments of die clearance,
feed rate and moisture addition control extrusion
temperature. All the energy required for cookmg/proces_smg
Is dle to mechanical dissipation of frictional energy provide
by the primmover of 75 hp. _

The study was conducted to produge soy rice blended

extruded product. The processing variables (independant)
Wwere moisture content E312, 14and 16 per cent wet basis) and
die opening (6.35, 8,89 and 1143 mm). The percentage of
soybean in Soybean rice mixture was kept at 30 per cent. The
observations were recorded for temperature of extrudate, mass
flow rate, bulk density, water absorption index, torque and
moisture content of the final product by the standard
ProceduresS: The soybean and rice brokens were milled in
he proportionate mill to 40 mesh size and then fed to
extrucer. The water in known qluantlty Was aclded by rotameter
to_get required moisture level. _
_ The data recorded on the Insta Pro 2000 extruder are given
in Table L The transit section temperature ran%ed from79.4
t0 93.33°C for all the treatments and the melt temperature
varied from 168 to 177°C, The temperature is well within the
range required for elimination of antinutritional factorsd.
The mass flow rate is almost constant at 5.20 k?/mln (range
4.96-5.45 kg/min) as screw speed for all the treatments Is
same at 600 r.p.m. The bulk density data indicated that it
increased with Increase in moisture content in all treatments.
However, it is not found to vary much with clearance. The
lower bulk_density indicated higher expansion and better
cookm%_whlgh Is further reflected in the observations on water
absorption indices (WAI). The WAI is h|(]1her at lower
moisture contents. Another advantage seen for Tower moisture,
feeding is the lower moisture content of extrudate i.e. final
product. The moisture content is in the range of 5.8 to 6.1
per cent (wh) so that ,?roduct could be used for further
grinding and storaqe without further drying. The torgue is
also measured while in operation. It indicated that torque
requirement variation is mainly due to moisture content
ecause at_higher moisture, the flowability of material is
relatively higher compared to lower moisture feeds. However,
the total’hp or ene_r%y requirements do not vary significantly
even at lower moisture, =~ .

From the above study, it is concluded that soy rice blend
(30:70) may be extruded at 12 per cent moisture content at
the clearances of 6.35 mm to 1143 mm which gives the
procluct havmg average values of bulk density as 266.23 kg/m3
water absorption index as 4.09, and moisturre content of 6.00
per cent wh.
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Table L Observations recorded on insta pro 2000 dry extruder

Moisture Clearance Temperature °C Mass flow Bulk Moisture Water
content (mm) T T rate (kg/ densi content of absorption
of feed ’ min) (kg/n% final product index
%) (%wh)
2 6.35 79.44 16833 4.96 242.80 580 4.20
2 8.89 93.33 D6.66 5.14 266.90 6.10 3%
2 s 93.33 17388 4.96 289.10 6.10 4.10
Mean 502 266.23 6.00 4,09
“ 6.35 93.33 JNis 59 404.20 8.40 3.2
u 8.89 9333 176.66 502 410 70 8.70 320
u s 93.33 176.66 518 390.40 8.50 330
Mean 513 40177 853 323
16 6.35 93.33 176.66 545 448.00 1020 310
16 8.89 79.44 176.66 519 434.40 9.80 305
16 14 93.33 176.66 540 439,00 1020 330
Mean 535 44047 10.06 315
Each data is an average of three replications.
References 3. Anderson R_A Conway H F, Pfeifer V F and Griffin Jr. E L
L Harper J M, LEC Technology where does it fit, The Proceedings of Gelatinization of com grits by roll and extrusion cooking, cereal
Second International Wrrkshop on Low Cost Extrusion Cookers, Jan Sci Today, 1969, L4

1518, 1979 at Tanzania, Dept of Agri. and Chem. Engingering, CSU, 4. Harper JM and Jansen G R, Low CostExtrusion Cookers, LEC Re
Ft. Collins, USA, 1979, E port 1 Colorado State University, Ft. Collins, USA, 1976.

2. Smith A Kand Circle S J Eds Soybean Chemistry and Technology
vol 1 proteins, AV West Port, CT, 1972, PP 470,
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Five known methods such as specific gravity method, Kozelka
and Hine method, Caputi’s method, Gas chromatographic and
enzymatic methods have been used for the estimation of ethanol
in different fermented samples, keeping the specific gravity
method as a reference. Of these methods, gas chromatographic
method was simpler, more rapid, more sensitive and less expensive
than the other methods. The data obtained were statistically
analysed and found to be in favour of the gas chromatographic
method.

In most of the Potable fermentation industries, ethanol is
estimated generally by the specific gravity methodl Since
this method is time consuming, not ve(% sensitive and requires
a large quantity of sample (gbout 100 ml) for analysis, the
other known physical, chemical and enzymatic methods
V\t/h:jc,h required less quantity of sample were employed in the
studies.

The main objective was to find out the most suitable method
for analysing Iar_([;_er_ number of samples in terms of rapidity,
sim I|C|¥y, sensitivity and cost. Some of the well known
methods™ were compared in analysing certain fermented
samples and the data obtained were statistically analysed and
presented in this paper. B o

Both yeast (Saccharom%ces cerevisiae, . diastaticus,
Schizosaccharomyces pombe) and bacterial (Zymomonas
mobilis) cultures were drawn from the stock maintained at
the Discipline of Microbiology and Sanitation, CF.TR.I,
Mysore. These were maintained on Wickerham’s2 agar
meédium and glucose,—yeast-extract mediuma respectively by
periodical subculturing and preserving at 5°C. These were

rown separately in 2 per cent glucose-yeast-extract medium
(%oo ml in 250 Ml conical fIask? after sterilizing at 121°C for

min) at 30°C on rotary shaker (200 r.p.m) for a period of
13 hr to serve as the inoculum. Sterile 12 per cent glucose-
yeast-extract medium (150ml in 250 ml conical flask) was
Inoculated with all the cultures at 10 per cent inoculum level
separately, except in cases of S. cerevisiae and
Schlzosaccharonéyces pombe, wherein 20 per cent glucose-
yeast-extract medium was used. The inoculated flasks were
incubated at 30°C (sometimes at 37°C3 under stationary
conditions for loerlods ranging from 40 to 72 hr. The
fermented samples were centriftiged for 10 min at 10,000 Xg
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and the ethanol content in the clear liquid was estimated by
the following 5 different methods. o

One hundred ml of the sample along with 40 ml of distilled
water was distilled to collect 100 mi of distillate on ice bath
anc{ heti&:inol was determined at 20°C by the specific gravity
metho

The Kozelka and Hine method4is originally used fot the
estimation of ethanol in blood and urine samples, wherein
1:2 ml of the sample is deproteinized by sodium tungstate
and distilled in all;glass apparatus. The distillate 525-3 m)
Is reacted with acidic 0.L N potassium dichromate solution
and ethanol is estimated by iodometric titration. ,

‘A 10 ml sample was distilled into an acidic potassiun
dichromate solution in a 50 ml volumetric flask and heated
for 20 at 60°C. Per cent ethanol by volume was then
determined spectrophotometrically (Spectronic 21) at 600 nm
as per Caputi’s methogb. _

In dgas chromatographic (GC) method, n-propanol internal
standard is added {0 sample and ethanol is determined in gas
chromatograph (Packard 437) using
detector6. The ethanol concentration (%o
by the following formula.

Peak height ethanol + p
Peak height propanol

where F is the slope, from the standard curve.
. The principle involved in enzymatic method is that ethanol
in presence of NAD and alcohol dehydrogenase gives rise
to acetaloehyde and NADH. The formation of NADH as
measured by the increase in extinction at 334, 340 and 365
nm is proportional to the amount of alcohol7.

Al the estimated values were expressed as percent wiv.
The data were statlstlcalh( analysed by the use of Duncan’s
New Multiple Range test8, whien more than two methods
were compared and Student’s ‘t" test, when two methods were
compared.

Five different fermented samples were analysed for ethanol
“S'”P four different methods and the data are presented in
Table 1 It shows that the values obtained bg épecmc gravity
method were more closer to those of the G.C. method than
the other methods. The values obtained by the Kozelka and
Hine method were significantly lower than those of the other
methods, This is probably due to losses of ethanol durin
the particular type of distillation employed in the method.
Even the statiStical mean values by the Duncan’s New
Multiple _Ran?le Test obtained by Kozelka and Hine method
are S|ﬂn|f|can y lower than those of specific gravity method
as Well as other methods; whereas the values of GC method
land Ca?utl’s method were not mﬁnlflcantly different from
those of the specific Tgrawty, method (Table 1),

In the second set of experiments, the ethanol values of 8
fermented samples obtained by G.C. method were compared

flame ionization
VIv) is determined
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Table L Comparison of different methods for the estimation of ethanol (%W/V) in various

FERMENTEED SAMPLES
Fermented sample Sp. qr. Kozelka and Caputi’s method GC. method
method Hine method (distilled)
Mean + S.D.
Zymomonas mobilis 558 + 0.07 415 + 0.04 5712 + 0.08 544 + 010
zu 4at30°C
Z mobilis 498 + 006 408 + 0.10 530 + 009 484 +0.08
M4 at 37°C
Z mobilis 448 + 0.08 362 +0.08 420 + 018 430 + 0.09
ZM 401 at 30°C
Z mobilis 5.66 + 007 399 + 018 589 + 010 506 + 0.09
M 401 at 371°C
saccharomyces cerevisiae 101 513 + 011 4.29 + 007 530 + 0.08 504 + 011
Mean at 37°C 5174 403 5.28, 4.94,

Mean (of 5 replicates) of this row followed by different letters differ significantly at p < 0.05.

Table 2. Estimation of ethanol (% WV) in various
FERMENTED SAMPLES BY G.C. AND ENZYMATIC METHODS

Fermented sample Enzymatic GC. method
method
L Z nobilis ZM 4 321 +010 290 + 025
2. Z mobilis ZM 1 280+ 014 306 +012
3 Saccharomyces diastaticus 1046 298 + 008 423 + 018
4. s. giastaticus 3390 3.60 + 0.08 427 + 011
5 . cerevisiae 101 6.96 + 01 .74 + 0.07
6. S cerevisiae S 29 719 + 007 750 + 0.07
T s. cerevisiae S 28 6.97 + 012 718 + 007
8 schizjo Saccharomyces pombe 691 + 013 6.12 + 0.07

Mean + SD of five replicates., Difference between two treatment
mean = 0.36 NS, NS = not significant.

with those or enzymatic method and found that the difference
between the two treatment mean (0.36) was not statistically
significant, as analysed by the Student's t test (two tailed
method g able 2). 1p case of 6 out of 8 samples tried &ﬂgn
method) the ethanol values were higher by G.C. method than
the enzymatic method. Even here, the G.C. method could be
used as a more suitable method than the others.for the
estimation of ethanol in fermented samﬁles.

Among the 4 methods used, G.C. method has been found
to be the best method for the estimation of ethanol. It was

statistically comparable with the more common specific
gravity method as well as the more specific one like the
enzymatic method and the chemical method such as the
Caputi’s method. In agdition, the G.C. method is rapid, simple
and accurate. It could be used as a method of choice for
analysing larger number of samples in a shorter time. The
adoed advantages are that the samFIe_s could be used directl
without distillation and the sensitivity is highest (O.Z,Ulg{
Authors are grateful to Qate), MrS. Indira Murthy and
Mr, B.S. Ramesh, for the statistical analysis.
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Rapeseed (Brasses campestris) was milled, using four commercial
oil expelling systems, according to recommended and conventional
practices. The recommended practice gave higher oil recoveries
(average value 430.8 mi/kg d.b.) as compared with those of
conventional practices (average value 401.6 mi/kg).

Mechanical oil expellers are important devices in oilseed
processmP chain. These are extensively used at small scale
or rural fevel and also as pre-milling' devices for solvent
extraction industry. In  Indig, coI_d_pressmgi
Bredomlnant pracice in expeller milling of oflseed. On the
asis of Iaborato,r¥ studies, Tikkoo, et al. 1 recommended
that optimum moisture content for cold pressing of rapeseed
in expellers should be 9-10 per cent (d.b.). This study was
undertaken to analyse increase in oil recovery usirg the
recommendation of Tikkoo et al. 1at commercial scale over
conventional practice. Four expeller enterprises, located in
the Tarai region of U.P. were selected for the study. Each
miller was sui)dplled with 60 kg of rapeseed of same variety
in 6 lots of k% each. The samples were pressed using
conventional practice as well as practice su%gested by Tikkoo
et al.1 Three replications were made for Doth practices,
“The dataon oil recovery are expressed in terms of specific
oil recovery i.e. ml of oil recovered per kg of rapeseed (criry
basis) and average of three replications was taken. The
specific oil recovery ranged from 395 to 454 mlfkg for
recommenced practice and 367 to 460 for conventional
practice. The overall average specific oil recovery was 430.8
and 401.6 ml/kg for recommended and conventional practices,
resPectlveI able 1?_. Statistical analysis of data indicated
that the effect of replication was msuimflcant Whereas the
effect of pressmg practice (P), expe Img system (E) and
interaction (P X E) were found significant at 1.0, 0.1 and 2.5
per cent levels respectively with a corresponding critical
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Table 1L Specific oil recovery data

Specific oil recovery, mi/kg, (d.b.)

Expeller No. Recommencded Conventional
practice practice
1 454.3 4597
2 304.7 385.0
3 454.3 366.7
4 400 3%5.0
Average 4308 4016

differences of 27.4, 53.8 and 32.6. On average, recovery was
1.3 per -cent higher for recommended practice (P,) over
conventional practice (P2. ,

Qil expelling systems El_ and E2 gave maximum and
minimum recoveries respectively, whereas E3and E4 gave
intermediate recoveries. Combinations, PZE, PE, and P,E3
ave maximum recoveries. Thus, the trend of interaction also
indicates the superiority of the recommended practice. So
far as superiority of one egellmg system over the other is
concerned, expellers E,, E2 and 'E3 were 6 bolt expeller
with 50 kg/hr rated capacity while E4was a 9 bolt expellers
with capacity of 150 kghr. Even for the same type of expeller,
condition of its components and skill of the operator play an
important role and these must have been the cause of variation
of oil recovery with the expelling s;{stem. However, from the
grouping of “Interactions, it i clear that by use of the
recommended practice, improved oil recoveries can be
Obtained even le/the otherwise inferior expellmg systems (e.0.
E3>E :PE2>PE3and E3> E4: P, E4> PE).

On the basis of results, it is be concluded that the adoption
of recommended practice (Tikkoo et al.") for expeller
milling of rapeseed could result in higher oil recovery of about
13 Rer cent oil over conventional practice.

The authors are thankful to Sri K.N. Nainwal, Laboratory
Assistant for his help during the study. The work was
conducted under the All India Co-ordinated Research Project
on ‘Harvest and Post-Harvest Technology’ of Indian Council
of Agricultural Research.

Reference

L Tikkoo A K Gupta D Kand Singh B P N, Cold Processing ofRapeseed,
G.B. Pant University of Agriculture and Technology, Pantnagar, 1986.



EVIDENCE FOR THE PRESENCE OF A

LIPOPROTEIN LIPASE IN ULTRA HEAT

TREATED BOVINE MILK AND ITS IONIC
BINDING TO HEPARIN

DEEPA PANDE AND MP. MATHUR
Dairy Chemistry Division
National Dairy Research Institute
Kamal - 132 001, India.

Received 22 May 1989; revised 22 September 1989.

Raw bovine milk was ultra heat treated (UHT) at 140°C for 14
sec and packed in laminated pouches. The residual lipase activity
was determined using different assay systems. The complete
inefficacy of ‘enzyme-substrate-buffer’ system indicated that the
enzyme requires certain co-factors for its optimum activity. Using
five different assay systems, it was observed that blood serum is
an indispensable component of the system, heparin is a stimulant
and NaCl is an inhibitor thus establishing that the enzyme present
in UHT milk is a lipoprotein lipase. The enzyme was purified
using DEAE-cellulose chromatography followed by affinity
chromatography on heparin sepharose-4B gel. A single broad
peak with a fold purification of 279.48 was obtained on DEAE
cellulose column whereas two very sharp peaks showing fold
purifications of 2333.31 and 825.37 respectively were obtained
on heparin sepharose 4B column.

_The presence of a lipoprotein lipase in bovine milk was

first reported by Kornl The normal function of such
enz?/me_ IS to liberate fatty acids from Ilpfﬁjrotems and
ch?/ omicrons of blood, which are then resorbed by secretory
cells of mammary gland. However, in milk, this e_nzYme IS
non-specific and can act upon variety of substrates including
acyl-q_lycerols but a low molecular Weight activator protein
(apo-Tipa pratein C 11) is required for 1ts function?, At the
biochemical level, lipolysis correlates to blndlnrq of lipase to
the fat globules and several workers have speculated that the
underlying cause is transfer of activator protein from blood
IlpoRrotems into the milk.25. _

The, role of native lipase in UHT milk has not been
established so far, as they cannot resist UHT sterilization
treatment6. Nevertheless, "Law et al.1and Muir et al.8 have
isolated and identified lipolytic bacteria from raw milk and
suggested that the most active species belonged to PEDUS
Pseudomonas. Mottard found a_significant’ correfation
between psychro_troBhlc organism in raw milk and residual
enzyme actmtz/ in UHT milk. These residual enzymes can
cause degradation of fat and the enzymatically catalyzed
hydrolysis of triglycerides can give rise to rancidity that
Impairs the quah?y of product during long term storage and
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the so called ‘Ion?flife milk’ does not meet the desired
\With a view to have basic information on the nature of lipase
rewal?lr&% after UHT treatment, the primary step is to isolate
and stu
established the exact nature of this enzyme surviving UH
ranges and the enzyme was purified to high deﬁree usin
to determine various Kinetic and biochemical parameters of
the enzyme,
maintained'at National Dairy Research Institute, Kamal and
was_processed at ultra high temperature at a commercial
was assayed as per the procedure of Olivecrona “and
Egelrud" ‘with some modifications. Assay included 0.5 ml
Bhosphate buffer (pH 7.2); 0.5 ml heparin FZO [U/ml); 10ml
lood serum (dlialyzed against 0.16 M NaCl); 2.0 ml Substrate
been emulgated) and 2.0 ml enzyme fraction.
included only buffer, substrate and enzyme. Assay 2 and 3
assay 4 contained L0 ml of 15 M NaCl. The mixtures were
incubated at 37°C for 3 hr and free fatty acids were extracted
phenolphthalein as indicator; sample withdut any incubation
Wwas treated as blank.
taken as a measure of lipase activity and one unit was taken
as = 1n mol free fatty acid producéd under assay conditions.
centrifuging it at 8000 r.p.m. for 30 min to obtain skim UH
milk from"which rennet casein was isolated. The whey
Phosphatee buffer pH 7.0 containing 1.16 M NaCl was acded
0 it The solution was stirred overnight at 10°C (PQ. The
n
r.o.m. for 30 min was Subjected to 5% per cent ammonium
Sulphate precipitation at pH 7.0 and centrlfu%ed at 10,000

standards of shelf life.
its biochemical characters. The present stud
affinity chromatography. Such preparation can further be useg
Raw bovine milk was obtained from institutional herd
UHT plant at Delhi employing 140°C for 14 secs. Enzyme
tris HCL; 1.0 ml BSA solution (2.0 per cent in Kreb’s ringer
Elo per cent arabic gum to which 40 per cent tribu%rsigyha(s)
contained no blood serum and heparin respectively whereas
using diethyl ether and petroleum ether (1:% and titrated with
The increase in free fatty acids over 3 hr incubation was
Crude LPL was obtained from bovine UHT milk b
removed was measured and_ equal amount of 0.02 M
supernatant obtained by centrifuging PO solution at 8000
r.p.m. for 30 min to separate the enzyme. The precipitate

thus obtained was dialysed and | ophlﬁzed and was treated
as crude enzyme (P2. Tt was further purified using DEAE-
cellulose chromatographyD and heparin sepharose 4B
chromatography S
Table T shovs the enzyme activity in bovine milk and
samples taken at various stages of purification using five assay
systems. The maximum activity was measured using comPIete
assay system indicating that the enzyme is a serum stimulated
lipoprotein lipase requmnP a serum activator. This serum
co-factor is presumably a fipoprotein2that binds with lipid
Substrate during incubationB thus providing a natural
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Table L Enzyme activitEXAusing different
SAY SYSTEMS

AS
Assay

Fraction 0 1 2 3 4
Skim milk — 6.5 - 40 0.5
D* - 80 — 6.0 0.5
D» — 210 — 240 20
D2 - 300 05 240 20
Dy - 90 05 6.0 10
H - 20 - 15 -
H* - 245 — 205 20
Hio — 130 05 90 15
HY - 15 05 12 —
{ DEAE-cellulose purified fractions; **Heparir. sepharose-4B purified
fractions.

substrate for the enzyme™1 The inefficacy of the enzyme to
act directly upon the substrate (Assay 0) shows that the
presence of activator and stimulants are necessary for the
enzyme to act optimally. Assay 3 reveals the role ot heparin
as a stimulant as the_removal of heparin resulted in S|I%ht
decrease in activity. This indicates a functional relationship
between this enzyme and heparin. RobinsonXreported that
the enzyme can e released from its extracellular sites by
heparin’or any of the several other polvanions both in vivo
and in vitro. “Such_interaction of heparin with LPL and
subsequent increase in activity can be ascribed to an increased
binding of enzyme to its subStrate and/or an allosteric effect
of heparin on enzyme. Assay 4 shows significant inhibition
of enzyme with 15 M NaCl especially when enzyme is
resent in low concentrations. Thus, the role of blood Serum,
BSA and heparin in mcreasm% enzyme activity and its
inhibition b}{ 15 M NaCl establish that the enzyme is a
lipoprotein fipase. o _ _

Fig 1 shows the purification of LPL usmﬁ heparin
sepharose 4B chromatography. Essentially, all the protein
applied was eluted at low ionic strength of uffer in contrast
to enzyme that was eluted at 0.60 and 0.66 M NaCl
concentrations, respectively. Both the peaks showed about
2333 and 825 fold purifications respectively. In comparison
to our results, Olivecrona and Egelrud showed a 2000 fold
purified peak eluted at an ionic Strength of 0.83 M but no
second peak was obtained. ,

In the present study, the survival of any native LPL can
not be reasoned after such hl?h heat treatment. Suglura
et al. hreported bacterial lipase from Pseydomonas that acts
upon lipoprotein tngl ceridles and used it for the assay of
serum triglycerides. It asalread¥ been evidenced by various
workerstof§ that the presence of heat resistant lipase from
Pseudomonas is widespread. Nevertheless, the |I€Q| Ic
S oﬂage of UHT mllkls,rarelbre orted, Havm?_esta lished
the nature of lipase surviving UHT treatment, it is clear that
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It requires a system where activator is indispensable.
Theretore, under normal processing and storage conditions,
the enzyme will show very insignificant activity. This |m,olles
that lipolysis is not a grave problem in stored UHT milk as
compared to gielatlon. Mottar9 also established that
proteolysis affects the texture and taste of stored UHT milk
more negatively than lipolysis. Therefore, unless very Poor
hygienic conditions are prevalent and/or there is long term
storage hefore processing the residual lipase does not pla
m¥k5|gn|f|cant role in refation to rancidity problems in UH
milk.
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The production trend of non-coagulating milk by individual cows
was monitored in a Holstein herd. A new method (coagulation
efficiency) was developed to categorize the suitability of milk
samples collected periodically from these cows for cheese making.
The frequency of occurrence of non-coagulating milk with
chymosin ranged from 0 to 54% at different periods of the year.
Sixty-eight %of the cows sampled produced non-coagulating milk
at least once during the test period. Milk samples from thirteen
cows, that is 38% of those that produced non-coagulating milk
had coagulation efficiencies below 40%, and they exhibited the
greatest losses of cheese solids in whey. Milk having less than 40%
coagulation efficiency should not be used for cheese making. A
negative relationship existed between coagulation efficiency and
cheese solids loss in whey, and milk samples which had greater
coagulation efficiencies exhibited lower losses.

The incidence of uncoagulability of milk from individual ¢
cows In late lactation after chymosin addition has been
reported Though the impact of this on the cheese r_nakmg
industry has not been wicely studied, the reduction in cur
strength of pooled milk, and Consequent losses in chegse yield
are knownga In countries like Australia and New Zealand,
where milk production s hlghI}/ seasonal, milk
uncoagulability is commonly observed toward the end of the
milk production season45 However, this does not appear to
be aproblem in countries of the northern hemisphere, where
seasonal milk production is not widely practised.

It has been proposed that tighter control measures could
be exercised on curd strengith of chegse milk if individual
cow’s milk samples are tested periodically for coagulation
Pro?ertles& and cows which produced non-coagulating milk
or long periods in a lactation be isolated, and their milk used
for non-cheese purFoses. A method for this periodic
evaluation of coagulation Propertles of milk was developed,
and a study to investigate the occurrence of non-coagulati ng
milk with chymosin in individual ‘Holsteins’ in a herd whic
produces milk non-seasonally was undertaken.

Fifty cows were randomly selected in June 1981 in the Utah
State mversﬂg herd of one hundred and fifty ‘Holsteins’
which produced milk non-seasonally. Evening milk samples
were optained from each available animal on'the last da¥ of
each of ten months as previously describedL A range of 29
to 50 milk samples was available at each sampling. Ten milk
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samples were simultanequsly tested after addition of diluted
chrm_osm of concentration 0,016 rennin units (RU) per ml
milk in a Formagraph1@ The instrument was left to run for
30 min after chymosin addition, and coa?ulatlon time (CT)
determined _for the samples that clotted. Coagulation
efﬁuencg (ECr) was defined as:- CE = alb X lcwhere, a =
the number of samples of milk' which coagulated within 30
min after addition of the enzyme, b = the total number of
samples _collected in the season, ¢ = the mean of the
coagulation times. ,

0r cheddar cheese makmq, the schedule normally
followed in cheese factories is to allow 2.5 times the CT before
cutting. The ideal time is 30 min. Hence the average CT
should be within 10 min. Hence for ideal CE, a = b (all the
samples collected coagulate) and ¢ = 10. Ideal CE = Y10,
If this is designated as 100 per cent by muItEJIym_ci the above
fraction by 1000, we have a measure for CE. MlksamPIes
with poor coagulation property FPCM), average coagulation
Property (ACM) and good coagulation proRerty ‘(GC ) could
hus be characterised based on'the CE of the milks, expressed
as percentage. _ ,

Milk saniples were anaIY_zed for fat, protein, casein, and
total solids utilizing a calibrated Milko Scan instrument
(Dickey - John Corp, Auburn, IL., USA)L Somatic cells
were counted with a Fossomatic cell counter (Dickey - John
Corp.). Cheese making was simulated by using a modified
Pearce Activity Test7 to estimate loss of cheese solids
(casein plus fat) from each milk sample in wheyl A
calibrated Milko Scan instrument was used to determine whey
solids as describedl Milk samples were obtained from cows
in the sample group which fg\ave milk continuously for 3
months from January through March 1982 _

The occurrence of non-coa%ulatmg samples was first
observed in July 1981 when 94 per cent coagulation was
recorded (Table 1). More samples could not coa%ulate as the
year progressed. The greatest number of unclotted samples
Wwas observed in November corresponding to only 46 per

Table 1. Non-coagulability of individual Holstein
MILK WITH CHYMOSIN

Months Samples Unclotted % coagu-
(1981-82) tested samples lation
(No) (No)

Jun 50 0 100
Jul 47 3 94
Aug 3 5 88
Sep 40 7 83
Oct 39 10 74
Nov 39 2 46
Dec 3 14 60
Jan 35 3 63
Feb 29 6 79
Mar 30 7 m
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cent. This indicates that at that time pooled milk from this
herd had very weak curd after chymosin coagulation. It
confirms that' milk uncoagulability"also occurs in a non-
seasonal milk production System. Thus, it is expected that
average coa%ulatlon properties would, at least, be maintained
throughout he year. Higher percentage uncoagulability that
was observed in fell and winter compared to summer strongly
sugggests that environmental temperature may have an effect
on the rate of milk coagulation. A previous reportl had
suggested that an interaction occurred between season of the
Ye_ar and period of lactation of individual animals and that
his affected coagulatlon. Average periods of lactation for the
animals were 196,219 and 230 daé/s in summer, fell and winter
respectively. Thirty-four cows &6 r cent of the sample size)
produced non-coa%ulatln milk, at least once, during the test
Ferlod. Thirteen of these 34 cows Produced samples with CE
ess than 40 per cent, hereby categorized as PCM, with a
range of 19to 37 per cent and average of 32 per cent. Three
representative cows in this grouF are shown in Table 2. The
mean CT shown excluded non-clotting samples. Cows which
produced ACM and GCM samples had CEs equal to or
greater than 40 and 70 per cent, respectively. Representative
cows in the latter groups also are shown in Table 2. Milk
samples from cows with mastitis, that is, those samples with
somatic cell counts higher than 500,000 cells per ml milk were
excluded from the coagulation tests, Mean CE for all the
sam]BIes for the entire test period was 49 per cent with a range
of 19to 86 per cent. o
An earlier rei)ortlestabllshed that a significant perc_enta?e
of cows in late lactation produced non-coagulating milk. Tn
the present report 14 cows (28 per centjJ produced non-

coagulating milk at other periods than just before their dry
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Eenods,_for example cows with identification numbers 68 and
5038, Since the incidence of uncoagulability of milk from
individual cows appears to be a random occurrence, even
though the trend is very prominent in late Iactatloné It
becomes imperative, that the concept of CE he adopted to
cateﬁo_rlze |actating cows for the overall coagulation properties
of their milk. Thus cows that produce milk in a lactation
period with CE less than 40 per cent should be noted. It is
recommended that such milk be used for non-cheese
PUIpOSES. Includln% this milk in bulk supplies would reduce
curd strength of cheesemilk23 Curd strength and CT are
highly correlated —861 Eventhough it has been reported
that coagulation properties of PCM could be improved b
adjusting' the_ levels of factors that affect coagulatl_onzg
cheese resulting from such milk had very high moisture
content with bitter flavourd, _ _
Significant quantities of milk solids (casein plus fet) which
are usuaII?]/ trapped in cheese curd, were lost in whey. The
ranqe of cheese solids loss was 13to 24 per cent with @ mean
of I8 per cent, Forty six per cent of sample size was available
for the e_xRenment. Six per cent of the cows that produced
milk which represented each coagulating group PCM, ACM
and GCM and the corresponding losses of cheese solids in
whey are shown in Table 3. The PCM shown exhibited the
Iar% st mean loss of 23 per cent and GCM the least, 15 per
cent. Mean cheese solids loss for ACM was 18 per cent.
Corresgondlng mean CEs for these representative samFIes
were 29, 73 and 56 per cent respectively. Data in Table 3
indicate that a negative relationship exists between CE and
cheese solids loss in whey. Thus it CE is hl%h, less cheese
solids are expected to be’lost in whey, On the basis of this
relationship, it is suggested that a modification of Van Slyke

Table 2. Chymosin coagulation time of individual holstein milk samples obtained periodically*
Cow.
Identity Jne Jly Al Sp Ot Nov  Dec  Jn Fb  Mar  Mean  CE®
<*)
Poor chymosin-coagulating milk (PCM)

68 3 b 29 b D 5 NC NC NC NC il 3
4986 9 24 - 2 NC NC NC NC NC  NC& 8 9
5038 U NC “ 9 2 NC 26 NC D D 9 32

Average chymosin-coagulating; milk (ACM)

78 2 23 1 18 18 18 5 D D i) il 60
4958 8 29 D D 30 3 il I il 5 18 57
4982 7 B 3 “ 22 24 9 M 25 D 18 5

Good chymosin-coagulating milk (GCM)

14 10 0 1 iV 3 5 16 16 il u“ 14
5012 3 u“ iV 10 1 23 D 13 16 16 i 1
5034 7 10 iV 10 1 1 B3 16 D D iV 86

- Coagulation time wes rounded up to the nearest minute; **CE —coagulation eﬁicienc;(/j; Dﬁ: (?\?/period' NC = no values were assigned to samples
ry after Ma

which could not coagulate in 30 min; — = sample wes not available} & = cow wes

rch: M = mastitis.
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Table 3. Cheese solids loss in whey of chymosin coagulated individual holstein milk
Cow Milk Whey Cheese Coagulation
identity casein + casein '+ solids efficiency
fat fet loss (%)
(%) (%) (%)
Poor chymosin-coagulating milk (PCM)

68 55 12 208 2
4986 6.9 16 239 9
4488 6.2 14 228 3

Average chymosin-coagulating milk (ACM)
4958 6.0 12 201 57
4656 51 10 202 50
4920 68 0.9 -136 ol
Good chymosin-coagulating milk (GCM)

14 16 11 143 74
5012 5.2 08 153 2
4948 84 13 153 v

and Price formula for cheese yield containin? parameters for
coagulation and curd strength, oe consicered for development.
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A technique for the production of curd (dahi) with improved shelf
life has been developed. Results of sensory evaluation revealed
that dahi stored at 30+2°C and 4+2°C were acceptable upto 20
days and 45 days respectively while control samples of dahi kept
good only for 2 days and 7 days respectively. Titratable acidity
and pH of dahi samples did not change significantly during
storage. Storage period had significant influence on physical
appearance, body and texture, aroma and overall acceptability
of dahi samples stored at 30+2°C but did not show any significant
effect on the sensory attributes of dahi stored at 4+2°C.

The main constraint hampering large scale industrial
production of dahi is its poor keeping quality both at room
and refrigerated temperature. Use of preservatives in dahi,
though not approved at present under PFA Actl, could play
an important role in extendmg_ shelf life which may pave the
way for suitable modification of PFA Act for dahi
subsequently. Use of food additives can be technologically
Justified when it improves the keeping quality and reduces
the food losses. Attempts made earlier Y_several workers
to improve the shelf life of dahi met with limited successZ4,
Available literature on the production of long keeplng dahi
I also highly inadequate. An mvestlgatl_on was, therefore,
undertaken t0 enhance the shelf life of dahi stored at 30+2°C
and 4+2°C by using various additives and employing suitable
processing techniquies.

Fresh milk obtained from the herd of crossbred cattle,
maintained at Indian Vetennar%/_Research Institute Q,VRI)
|zatnagar was used n all the trials for the preparation of

Table 1.

, Dahi stored at 30+2°C
Sensory afrioutes Control Experimental

2 days 1day 15 qays

Physical appearance 161 847 !
Bo)éi/ and Ft]gxture 167 847 ?%
Aroma 700 833 78
Taste . 6.8 8 80
Overall acceptability 1.2 8471 1760

t Awrap values of three replicates
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experimental and control samPIes of dahi. Freeze-qried
organisms of Streptococcus lactis, procured from National
Dairy Research Institute, Karnal was inoculated in sterile
skimmed milk to obtain mother culture from which bulk
culture was prepared. Freshly prepared starter culture was
used each time for the production of dahi. Mother culture
was maintained by weekly subculturing in sterilized skimmed

milk.
Milk after straining throu%h a fine muslin cloth was heated
at 90°C for 10 min, cooled to 35°C and mixed with 0.5 per
cent of agar agar as stabilizer by addlln? 1:10 melted solution.
The milk-stabilizer mix was immediately inoculated with 3
per cent of 5. "actis culture and incubated at 30°C for 16 hr.
and the firmly set dahi was heated at 75°C for 10 min in a
water bath with constant slow agitation, cooled to 30°C and
mixed with 01 per cent sodium benzoate, 0.2 per cent
potassium sorbate and 6.5 per cent cane sugar (pasteurized
anﬁJ filtered), ?ontrol samples of dahi were made b _heatl,n%
milk at 90°C tor 10 min, cooling to 35°C, inoculating wit
3%o0f S. lactis culture and incubating at 30°C for 16 hr. Both
experimental and control samples of dahi were then filled
into sterilized glass bottles and capgz)ed with aluminium ca?s.
Samples of dahi were stored at 30+2°C inaB.Q.D. incubator
and at 4+2°C_in refrigerator for further studies.

A panel of five judges evaluated the physical appearance,
body and texture, aroma, taste and overall acceptability of
the ‘product on the basis of 9-point Hedonic scale.” Fat

ercentage in milk was determined by Gerber’s methodb.
itratable acidity6, casein, total protein, lactose, chloride
and ash contents in milk were estimated by 1SI methods?,
gﬂe nqel-tlepf milk and dahi was measured by using a digital

The scores of sensory evaluation for different attributes of
control and experimental samples of dahi at different intervals
during storage at 30+2°C and 4+2°C are presented in Table
1 On sensor%/ evaluation, experimental samples of dahi were
acceptable UP 020 days and 45 days while the control samples
kept well only for 2 days and 7 days dunng_storage at30+2°C
and 4+2°C Tespectivély, Samples of dahi preserved beyond
these periods were réjected by the judges. The scores

Sensory attributes scores*for control and experimental dahisamples stored at 30t2°cand 4+2°c

Dahi stored at 4+2°C

Control Experimental
20 days 7 days Hdys  BHdys  4das
13 18 19 780 .
0 8 760 1.3 ;%
10 T4 181 721 7.0
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decreased during storage and the decrease was more
noticeable in the samﬁles stored at 30+2°C than those
preserved at 4+2°C. The scores for aroma and taste of dahi
samples stored at 30+2°C and 4+2°C after 20 days and 45
daI-YS respectively were almost similar. Titratable acidity and
pH of the stored samples of dahi did not change significantly.
Storage period ha 5|?n|f|cant_|nﬂuence on all the sensory
attributes exceptln,?_ taste of dahi stored at 30+2°C hut did
not have any significant effect on the sensory attributes of
dahi storedat 4+2°C upto 45 days. _
Addition of agar agar, sodiumbenzoate and potassium
sorbate are generally recognised as safe as per the accepted
good commercial practice8 Both sodium benzoate ‘and
Potassmm sorbate are extensively used in preserving acid
oods. Sodium benzoate is generally more effective against
yeasts and bacteriadwhile potassium sorbate is an effective
yeasts and moulds inhibitor but is less comprehensive in its
action a%alnst bacteria as compared to fungiDll Heating of
dahi at 75°C for 20 min killed all patho%enlc organisms and
almost all yeasts and moulds, Agar a?ar ledl up free moisture
and ,orevented heat coagulation of dahi. The menacing
problems of growth ofKeasts and moulds in the system were
non-existent “due to the heat treatment and presence of
antlchotlc agents. _ N
Authors are thankful to the Director, IVRI for prowqu
necessary facilities and financial assistance. Encouragemen
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Replacement of milk solids - not - fat (SNF) with arrowroot
powder at 20, 40 and 60% in soft serve ice cream indicated that
replacement at multiple levels of 29% increased the pH, relative
viscosity and melt down duration values and decreased the
titratable acidity, specific gravity, protein content and over-run
percentage values. It was observed that arrowroot powder could
satisfactorily replace milk SNF upto 40% without impairing
organoleptic qualities with a reduction of 12.04% cost of
production.

Scope. exists for the requction of cost of ice. cream
Preparatlon through substitution of solicls-not-fet of milk with
he'low cost arrowrgot powder. In this investigation, the
of replacement of milk SNF with arrowroot powder on the
physico-chemical characteristics of ice cream mix and
or anoleﬁtlc attributes of ice_cream was investigated.

rbuckleldescribed a sPeuaI ice cream containing sweet
potato starch. Ash and Colmey2 reported that starch™can be
safely used in frozen food product as a substitute for skim
milk powder. _ , _

Four types of ice cream mixes of 2 kg capacity each in
10 replicates were formulated with proportionate replacement
of milk SNF with arrowroot powaer at levels of 20, 40 and
60 per cent giving due moisture allowances for arrowroot
powder (T, T2.and T3 by keeping one type of mix as
control (ICj which did not’contain ‘any arrowroot powder
solids. All "the four mixes were prepared to contain an
identical composition of 10 per cent faf, 11 per cent SNF, 15
ger oent sugar, 0.3 per cent stabilizer in control mix and in
0, 40 and 60 per cent substituted mixes contained 0.25, 0.20
and 0.15 per cent stabilizer ,resPectlveI . All the mixes were
Pasteurlzed at 72°C for 20 min followed by cooling and ageing
or 3 hr at 5-10°C and were frozen ina soft ice cream freezer

Ulcan Laval Limited, Pune) after addition of permitted
lavours and colours. o _

Fat contents of creams and skim milk were estimated as
per procedure in ISI specifications3. The SNF content in

¢ ftrtof the M.V.Sc., thesis of the first author submitted to Andhra Pradesh
Agricultural University, Hyderabad.
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skim milk was also estimated as per ISI specification and
SNF content of cream was calculated using the formula
suggested by Sommer5. The moisture content was estimated
as per AOAC procedure6. The pH of the mixes after agelng
wes estimated b ad!(tgltal H meter (Elico Private Limite
Hyderabad) and the titratable acidity was estimated according
to ISI specification?. Protein content was estimated as per
AOAC procedure6. Using Baume Hydrometer, specific
ravity was calculated by using the formula of Jaimes and
attori8 Relative viscosity volumes were calculated with the
formula recommended by Plummer9 using Ostwald
Viscometer. The perqenta%e overrun of each type of ice cream
was calculated by using the formula of Sommerb. The melt-
down time of ice cream was recorded by noting down the
time taken for complete melting of 100 g of ice cream placed
on a glass piece resting on a funnel. Sensory quality of ice
cream was assessed by a panel of 5 selected judgés us_lng
the score card recommencled by Harper and Hall1) Detaileg
cost economics were worked qut taking the prevailing retail
costs of ingredients into consideration, .
_The mean pH, titratable aciciity ggeuflc gravity and relative
viscosity values are presented in Table L Itcould be observed
that the pH of dlifferent ice cream mixes increased with a
corresponding decrease in titratable acidity as the levels of
replacement with arrowroot powder increased. This is due
o the effect of the alkaline nature of arrowroot powder which
Is having a pH range of 72 to 74. _
. The specific gravity of ice cream mix decreased with
Increase in arrowroot powder level which is due to lower
specific gravity of arrowroot powder E_l.086{ than the
composite specific gravity of the constituents of milk
soligs-not-fet. ~ ~ 7 o _
. The _relative viscosity increased significantly with
increasing levels of arrowroot powder in the ice cream mix.
The hydroPhylllc colloids have the property of holding large
quantity of water and setting into semi-rigid gel. Such gel
may impart high viscosity.

Physico-chemical characteristics of

Table 1
DIFFERENT TYPES OF AGED ICE CREAM MIXES

lce cream mix  pH Titratable ~ Specific Relative
type acidity gravity viscosity
C 6.42* 0.201* nor T6.49%
T, 6.48h 0.187b 1103 121500
N BB A
Least sig. diff. 003 0,006 0.002 9.98

The_mean values with same superscript in each column do not differ
significantly (P<0.01)
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The mean percentage overrun, melt down duration values
and sensory quality “assessment scores are Presented in
Table 2. It could be observed from the Table that the melt
down duration values increased and the overrun percentage
values decreased as the added arrowroot powder level
Increased. In general as the viscosity Increases, the resistance
to melting and smoothness of the bodly increases but the rate
of whipping decreases. Over stabilization of the substituted
ice cream mixes with different levels of arrowroot powder
IS one of the causes for slow melt down and smooth texture
and decreased overrun [[J_er centage of the ice creams. The
results of the organoleptic quality evaluation indicated that
the ice creams prepared by replacing 20 and 40 per cent of
SNI; vl\nth arrow-root powder were equally acceptable as
control.

The cost economics is_presented in Table 3. The cost
economics worked out in this investigation taking the
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Table 2. Overrun, melt down duration values, and
SENSORY QUALITY ASSESSMENT SCORES OF DIFFERENT TYPES
OF ICE CREAMS

Ice cream Overrun ~ Meltdown time Sensory
type (%) (min) scores
C B 382" 934
T 32.60b 46.1h 924
¥ 26.50° 5L5° 918
T3 . 15.95d 56.7d 86.2
Least sig. diff. 0813 178

The mean values with same superscript in each column do not differ
significantly (P< 0.01).

revailing retail market prices of the ingredients for different
pres of ice creams indicated a cost reduction of 7.10and 1204
per cent for 20 and 40 I:per cent replacement level of arrowroot
powder for milk SNF respectively over control.

Table3. Costofproduction of different types of ice creams based on the prevailing retail cost of the raw
MATERIALS.

, Requirements/kg

Ingredients

C T, T
Cream (50% fat 200 ¢ 200 ¢ 200 8
Arrowrgot powder — 24 485
Skin milk powder 40 g 169 150
Skim milk 620 g 620 g 504
Sugar 150g 15049 150g
Stabilizer 3 gi 250 gf 2
Egtsgjnce am am 3 rﬁl

T
% cost reduction
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The flesh of edible oyster Crassostrea madrasensis (Preston) was
freeze-dried. The biochemical, microbiological and sensory
evaluation of the fresh as well as the freeze-dried sample were
determined. There were no changes in the TMA, TVN, PV and
FFA as a result of freeze-drying. The proximate composition was
not altered.

Freeze-drying is recognised as one of the best methods of
producing dried material of high quality. Edible oyster
Crassostrea madrasensis was procured in frésh condition. The
meat was washed well in_running water and in 5 p.p.m.
chlorinated water for 10 min and arranged in stainless steel
trays in a laboratory model accelerated freeze-drier
(Hindhivac LF 95 Model) of 10 kgvcapautyr The oysters were
Initially frozen at —40°C for 2Vi hr. The chamber was
evacuvated and a vacuum of 15 Torr was maintained.

The temperature was gradually raised to —20°C and the
product was allowed to sublime. The final drying was done
at 40°C. The entire drying took about 16 hr, The freeze-cried
sample was taken and kept sealed in air tight pouches and
quality assessed. y _

The proximate composition of the raw and freeze-dried
oysters was determined. The moisture, fat and ash were

etermined by AOAC procedures'. Protein was analysed by

Micro-kjeldnal method2 The carbohydrate content was
estimated using anthrone reagent3

J. Fd. Sci. Technol.,, 1990, Voi. 27, No. 5, 392-393

The following quality characteristics_of raw and freeze-
dried samgles namely, trimethyl amine &TMA%, total volatile
base (TVB)4, .non-protein nltrogew I#)S, ree fatty acid
(FFAP peroxide value (PV)7and Ca+ ATPase total activi
In ac omYosm8vvere determined. Microbial parameters suc
as total plate count were enumerated by pour plate technique
using nutrient agar mediumd. Total” coliform and spore
formers were enumerated quantitatively9,

The result of the proximate composition of raw and freeze-
dried oysters are given in Table L The percentage retention
of various biochemical constituents after freeze-drying were
more or less hundred per cent.

The freeze-dried oyster was reconstituted by soaking in
water for 10 min, moisture content of the reconstituted sample
was determined and the percentage reconstitution calculated.
The moisture content of the reconstituted freeze-cried oyster
wes found to be 78.7 per cent thus P@\l}/mg 98 per ‘cent
rehydratabilizy. TMA, TVN, FFA and PV were found to be
nil In raw and freeze-dried samples. The decrease_in NPN
wes from 0.77t0 0.08 g N per cent in freeze-d(r{ymgb The total
Caz+ ATPase activity of actomyosin was found to be reduced
from64.9t060.9 "mol Bl/m_ln/IOg (renydrated welght basis)
in freeze-drying. The TPC in the raw o;ister was 3.0x104g
which decréased to 0.43x103q as a result of freeze-drying:
The colifonr.s decreased from' 110 coliform/g in raw oysters
to 12 coliforms/g in freeze-dried oysters (reconstituted welﬁht
ba3|sg. The spore formers were found to be very fow
(4.25x103g) in the freeze-dried sample.

The acceptability of the freeze-dried sample was assessed
by sensory evaluation. The reconstituted sample was cooked
I 3 per cent brine for 10 min, and presented to a taste panel
consisting of six members along with uncooked and control
samples. “Scorings were %Nen Or appearance, texture, taste
and flavour cf the product. The scores of sensory evaluation
showed that Lie freeze-dried samples are acceptable in quality
as the raw sample. - _

The above study indicates that acceptable freeze-dried
product can be produced from edible oyster which could be

Table L Proximate composition of raw and freeze-dried edible oyster crassostrea madrasensis

Oyster type Moisture
(%) %)
Fresh 803
Freeze-dried 19
Fresh DWB* :
Freed-dried DWB .
Retention (%) —

DWB* Dry wt basis: Average value from triplicate samples

*Present address:  Agricultural Research Station, Bhavanisagar.
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Protein

124
6L5
62.7
62.7
1000

Fat Ash Carho-

%) %) hydrate
(%)
28 11 21
138 54 135
142 56 133
140 55 130
1000 986 982
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reconstituted to regain fully all the quality attributes of the
fresh samRIes

The authors are grateful to Professor and Head Dept, of
Fishery Technology for his encouragement during the
Investigation.
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A formulation for orange concentrate based carbonated beverage
has been standardized. The carbonated beverage made from
syrup base containing 7.5% orange concentrate was equivalent
to ahout 10%of single strength orange juice which was considered
optimum. The carbonated beverage wa"made by post mix method
and a beverage with a Brix to acid ratio of 45 and carbonated
at 80 psi gas pressure was found to be the best.

Most of the carbonated bevera?es are based on synthetic
colouring and flavouring agens which are pofentially
allergenicl Inclusion, of a fruit juice in soft drinks not only
Imparts its characteristic colour, taste and aroma but also
obviates use of synthetic additives and has some nutritional
value2 In carboniation of clarified pineapple juice, an overall
preference for a 0.75 per cent titrable acidity and low
carbonation product was Ohserved3. A suitable” method to
Erepare lime juice for carbonated drink has been reportec.
ffect of carbonation and sweetness in carbonated apple juice
on sensory attributes was studied by response suirface
methodolo gS. A procedure for production and hottling, of
carbonated Deverages containing 5-25 per cent grape juice
from surplus table grapes was described6. This investigation
was conducted to Tormulate an orange concentrate Dased
carbonated beverage. , _
The orange concentrate obtained from Agro Foods, Punjab
was stored at 3°C until required. A syrup base containin
orange concentrate (5, 7.5 and 10 per cént), cane susgar (45,
44.3” and 42.8 per cent) and citric acid (0,84, 0.65 and 0.47
per cent) was prepared. In the second experiment, the orange
concentrate was 7.5 per cent, sugar and acid were varied.
In the third experiment, the orande concentrate and Brix to
acid ratio was kept constant and the beverage carbonated at
variable gas pressure of 60, 80 and 100 psi.” In the first and
second ex;%erlments, the carbonation was done at 100 psi gas
pressure, The carbonated orange beverage was made by post-
mix method. A known valume (equal to 50 g) of the orange
concentrate sgrup base was placed in clean, pre-sterilized
glass bottles (200'ml capautyf filled with chilled carbonated
water, crown corked immediately and stored at 5°C until
required.. Chilled water was carbonated using a country made
carbonating machine fitted with a 10 1 stainless steel tank.
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Total soluble solids (°Brix) was determined with a hand
refractometer and the readings were corrected to 20°C.
Acidity and pH were determined by the standard A.O.A.C.
methods/. Ascorbic acid was determined by the titrimetric
method8, Sensory evaluation was carried out by a panel of
seven jud?es using a 9-point Hedonic scale9. The data were
statistically analysed using ana(lysm of variance, The density
of the syrup base was estimated as the proportion of a mass
to volume, The syrup and bevera%e were centrifuged for 10
min at 360 X g0 The percentage transmission of the
supernatant was measured at 660 nm in a 1 cm cuvettes in
a spectrophotometer (spectronic 1201, Milton Roy & Co.) and
this value was considered a measure for the cloudiness.
Increasing percentage transmission indicated loss of clouds
or_suspended matter. , .

The orange concentrate possessed °Brix 68, acidity 7.29
ger cent and'pH 2.6 was employed in the preparation of syrup

ase and then carbonated beverage. The variable percentagze
of orange concentrate in the syrup base has been found to
influence the cloud and the sensory quality of carbonated
beverage (Table 1). No change was noticed in respect of Brix,
acidity, pH and Brix to acid Tatio of the beverage, since these
were kept constant whilg Rr_eparmg the syrup base. The cloud
was found to increase with increase in the orange concentrate
in the syrup base. Thus, 10 per cent orange concentrate in
the syruB base gave highest amount of cloud In the carbonated
orange base. Probably, the cloud has influenced the colour
score of the beverage. The sensory colour score increased
with increase in the amount of orange concentrate in the syrup
base, while the flavour score was maximum at 7.5 per cent
concentrate level. Decrease in flavour score beyona 7.5 pier
cent level might be due to increased bitterness. The
carbonated beverage made from syrup base conta|n|n8 15
per cent orange concentrate was equivalent to about 10 per
cent of single strength orange juice. The differences in the
values of colour and flavour scores were found to be
statistically significant, Thus, 7.5 per cent orange concentrate
in the syrup base for the preparation of carbonated beverage
was considered optimum in respect of colour and flavour.

Different concentrations of sugar (°Brix) and acidity were
tried to see their influence on the quality of orange syrup base
as well as carbonated beverage (Table 2). The results reveal
that density and clouds were affected b{ the treatment. The
density of the syrup base increased with increase in °Brix
and was in the range of 116 to 13L The percentage
transmission of the supernatant syruB increased when total
soluble solids were increased by aoout 10 °Brix, due to
floatation of %reate_r amount of fruit particles in heavier syru
durln% centritugation. Ascorbic acid was in the range of 3.7
to 4.71 mg per 100 ml of syrup base. The Brix to acid ratio
was in the range of 24.0 t0 56.8. The pH of the syrup base



ORANGE CONCENTRATE BASED CARBONATED BEVERAGE

Table L Effect of orange concentrate on the quality of carbonated beverage
Sensory score

Flavour

6.23
6.70
550
+0.252
0.50
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Overall

588
6.17
641

Orai e Acidity PH 0C|0lid Brix
base %) Bt A Colour
(%)
50 0.27 321 1492 396 553
15 0.28 3.20 12.00 KA 6.85
100 0.28 3.20 941 31 132
S. Em. +0.247
CD(P =0 049

T*—Transmission
Analysed in duplicate

Table 2. Effect of sugar and acidity on the q%%\I/iI%A%f orange concentrate syrup base and carbonated

ES
TSS. Acidi PH Ascorbic Cloud Density Brix Sensory score
(°Brix) (% W acid %% T at (g/ml) to acid
(mg/200 ml) 660 nm) ratio Colour ~ Favour  Overall
Syrup base
I 20 0.86 2.2 3 37 116 438 - - -
n 430 13 2.2 4.24 31 118 326 - - -
Il 435 18 2.2 47 38 119 240 - - -
Y 500 0.88 2.2 470 6.3 128 5.8 . - -
\ 535 134 2.2 424 6.2 13 399 - - -
Vi 530 180 2.2 424 56 130 294 — — -
Beverage
| 90 0.20 345 - 188 - 450 6.0 6.9 6.45
Il 90 0.22 350 . 1740 . 409 6.0 65 6.25
Il 95 0.37 355 - 15590 - VY| 6.0 6.2 6.10
\Y 18 0.24 360 - 7h - 492 6.0 6.1 6.05
Vv 123 0.25 352 - 1500 - 49.2 6.0 6.7 6.35
VI 120 0.40 355 - 1690 - 300 6.0 6.3 6.15
(ns)  (ns)

n.s. — not significant
T = transmission.

remained unchanﬂ]ed even though the acidity varied and it
might be due to the buffering action of the constituents.

_Carbonation of orange beverage was found to reduce the
difference in the cloud values EZTabIe 2)r The pH values
varied in the narrow range of 3.45'to 3.60. The Brix to acidiity
ratio was in the ranPe of 25.7 t0 49.2. Based on sensory
quality, all the samples were found acceptable. The colour
score Was same while the flavour scores varied slightly and
statistically not 3|9é||f|cant. However, the orange carbonated
beverage with 9 “Brix and 0.2 per cent acidity (45 Brix to
acid ratig) %ot the highest flavour score (6.9)-

The effect of C02gas pressure on the quality of beverage
was also evaluated. The carbonated orange beverage possessed
*Brix 10, acidity 0.21 per cent and pH 3.05; these parameters
were not influenced by variable gas E5)ressure. The percentage
transmission was 26.4, 27.7 and 29.6 in the Supernatant of

centrifuged beverage which was carbonated at 60, 80 and 100
Dsi gas pressuire, respectively. Thus, cloud has decreased o
some extent with increase in‘gas pressure. This might be due
to more floatation of suspended fruit particles during
centrifugation after release of gas pressure. The sensory
colour score remained same 6(6. . The flavour scores of the
beverage were 5.5, 6.2 and 6.3 When carbonated at 60, 80
and 100 psi gas pressure. The differences in the flavour scores
at 60 and 80 psi levels were statistically significant and beyond
80 psi level no significant difference was observed. Thus,
carbonation level of 80 psi was considered optimum so far
as flavour was concerned.
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Several cooking methods used in the preparation of porridge,
roti, balls and popcorn destroyed aflatoxin to an almost same
degree of about 50%. However, when roti was not cooked crisp
the destruction of aflatoxin was comparatively less. No aflatoxin

was found in any of the extracts of the cooked products. It
Is suggested that this point should be considered while performing
epidemiological surveys in determining the exact dose of aflatoxin
ingested and its effect in man.

Nearlf/ 345 million metric tons of maize is grown all over
the worldZas both food and feed crop2 Maize'is susceptible
to mould infection and mouldy maize toxicity was recognized
as early as 1940 and a product proved to be toxic_to Swine
and mice was isolated from it3 At moistures > 175% and
temp. > 13°C, corn is susceptible to aflatoxin formation by
Asperﬁlllus flavus 4. Later it was found that unfavourable
growth conditions of the plant5, moisture content of grain
ranging from 19-28 per cent and geographical source of
maizeb appeared to increase the Incidgnce of aflatoxin.
Damaged kernels with the characteristic flourescence
contained as high as 88,500 to 1,01,000 p.p.b. of aflatoxin B,
in US.A.7. High levels of aflatoxin concentrations in
commercial maize samples have been reported from several
other countries8M However, the human aflatoxicosis was
first noticed in a tribal population in Indiab and hl%h
incicence of heptatomas was also recorded due to the
consumption of aflatoxin containing mouldy cornB_
Several ph[ysu:al methods_ such as electronic sorting

hand separation of aflatoxin contaminated maized an
removal of outer_IaYer by soaking and crushing) were found
to reduce aflatoxin levels to a considerable extent. It has been
observed that in milled products of maize, germ portion
contained maximum aflatoxin, whereas the grits contained
the minimum?222 Aflatoxin from contaminated maize meal
could be extracted in boiling water3 and no aflatoxin BA
was found in the extractZ Forty to eighty per cent
reductions of aflatoxin can be attained by a single passage
of corn through a continuous roaster As there is partial
destruction of aflatoxin B, by heat, the tradiitional methods
of cooking of maize and its products was undertaken to find
out the extent to which the toxin is destroyed in the ﬁroducts
before, they are consumed by the usually undernourished rural
population in backwerd areas. The cata are presented in this note.
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Fifty g samples of com were taken in six 250 ml
Erlenmeyer flasks along with 20 ml distilled water and
sterilized at 120°C for 20 min. The flasks after coolm(t; Were
inoculated with A flavus CFTRI strain and incubated at 28°C
for 7 days and inactivated by adding 50 ml of acetone to each
flask arid kept for one hour; Later, the mouldy corn was air-
dried under shade for 3 hr and dried in a hot air oven at 60°C
for 5 hr. The mouldy maize was powdered by using a
laboratory hand grinder and stored in a polythene bottle. The
powler was then added at various levels to samples of whole
maize flour and maize semolina free from aflatoxin at
different levels. For preparing POPCO'm' mouldy maize was
mixed with maize free from aflatoxin at different levels.

Both semolina and maize flour were obtained by roller flour
milling (Buhlar Brothers, Switzerland).

Known quantities of ‘pure aflatoxin Bj (prepared at
CFTRI, Mysore) in chloroform was added to uncontaminated
samples of maize semolina and maize flour. The chloroform
was removed by heatlngbat low temperature on a water bath.

These samples were subjected to varigus copking methods.
For p_repargtlon o? popcolrn, ?t Was adcfedﬁ to the mgalj%ne ?ore
PoppIng.

_ Fifty [q of semolina of each sample of maize was dry-roasted
in an aluminium_ pan._Then, 100 ml of distilled water was
broug?,ht to boil in a 500 m] beaker and then the roasted
semolina was added to the boiling water with constant sti mng

with a glass rod so that no lumps are formed, then cooke
for 2 min till done.

Fifty g of each of maize semoling, flour and qrain samples
were ‘cooked traditionally into porridge, balls, roti and
Popcorn, as the case may be. Distilled water was used in all
he cases of cooking. Inthe cooking of porrld[qe, the roasted
semolina sample was added to 100 ml of hoiling water in a
beaker and stirred with a glass rod till done. Similar
Procedure_ was used in the preparation of balls from maize
lour. Roti was prepared by kneading the flour with 50 ml
of hot water, sp[ead|n1q the paste on hot iron pan and cooking
crisp on both sides. The popcorn was prepared by soakln%
the grams in 35 ml water for 3 hr and air &uﬁmg a
220-230°C in a hot air puffing unit (Sunvic, U.K.).

Pons’ methodZwas modified and adopted for the analysis
of affatoxin Bj and B2in both cooked and uncooked samples
of maize, In cooked samples, the WEI?ht difference over and
above 50 ¢ was taken as the amount of water absorbed by
the materrals, Based on this, the volume of acetone was
adjusted to give the req%wed concentration of 70 per cent
acetone for extraction. The sample extracts were. taken in
known quantity of chloraform and estimated on silica gel-G
thlrghla %r chromatographic plates by dilution to extinction
methodZ.
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Standards of aflatoxin B, (CFTRI, Mysore) and BA
(SRRL, New Orleans, USA) were used during the
estimations. . _
~ Inorder to assess the amount of destruction of aflatoxin
In maize and its ﬂroducts by various Indian traditional cooking
methods, viz., the preparation of &a) thick porridge, (b) flour
balls, () roti, an (dg) popcorn, the following experiments
were conducted, , _

In the first set of experiments, mouldy maize powder (or
mouldy maize) was added to maize flour, maize semolinaand
maize grain, as the case may be, to get an aflatoxin content
ranging from 130 0 330 pp.h. The Samples were subjected
to different traditional cooklng methods. On analysis, the
cooked products showed 52-53 per cent mean aflatoxin
destruction. There was no 5|gn|f|cant difference in per cent
mean aflatoxin destruction Detween the products, namely
porridge, balls, roti and popcorn (Table 1).

In the second set of experiments, pure aflatoxin B, was
added to maize flour, maize semolina and maize grain to a
level ranging from 40 to 400 ppb. and subjected to the
preparation of different traditional cooked products. This also
showed a similar trend. The per cent mean destruction of
aflq}géln |ln these products ranged from 48 to 51 as presented
in Tahle
~ Similar results were also obtained, when naturally mould
infested maize flour, maize semolina and maize grain were
traditionally cooked as above. The aflatoxin content wes
reduced on cookln? to @ mean level of 48-50 per cent from
the initial levels of 20-60 p.p.b. as shown in Table 1

Hence, different traditional methods of co_okm? destroy
aflatoxin to almost the same degree irrespective of the type
of maize sample. Similar results were observed in rice except
that pressure cooking Yielded more destruction . The other
methods like autoclaving moist peanut meal2d) heating at
100°C for 2 hrd)or roastlnﬁ peanut at 150°C for 30 mind2
have been found to lower the aflatoxin content in %roundnut
and its meal. Similarly, roasting of pecans at 191°C for 15
min has been found to reduce aflatoxin by 80 per cent3
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These data give an exact picture of the extent to which
aflatoxin is destroyed by traditional methods of cookmg of
maize and its Rro Ucts and suggest that this point should be
considered while performmfg epidemiological surveys in
determining the exact dose of toxin ingested and its effect in
man.
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Table 1. Effect of traditional methods of cooking of maize on aflatoxin b *

- Maize flour/semolina/maize
Tragitional product +

mouldy maize powder (A)
Residual Mean
aflatoxin destruction
(ppb) (%)
Maize semolina cooked as porridge 60-160 53
Maize flour cooked in hot water and 60-170 5
“made into flour ball
Maize roti 60-160 53
Maize popcorn 60-170 V)

*No. of samples analysed in each case was 5

Mould infested maize
flour/semolina/maize (C)

Maize flour/semolina/maize
+
aflatoxin B! (B)

Residual Mean Residual Mean
aflatoxin destruction aflatoxin destruction
(PPb) %) (PPO) %)
20-210 49 11-30 48
20-190 51 10-31 50
20-220 48 10-31 50
20-190 51 10-31 50

Initial aflatoxin (ppb) was 130-330, 40—440, 20—60 for A, B, C respectively.
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QUALITY CHARACTERISTICS OF CAKES
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The effect of different fats and oil on specific gravity and viscosity
of cake batters and consequently the volume and tenderness of
baked cake was studied. Batters with low specific gravity and
high viscosity produced cakes with greater volumes. No
correlation could be established between specific gravity of cake
batters and tenderness of baked cakes. Sensory evaluation showed
variation in the condition of top crust, tenderness and flavour
of cakes prepared from different fats and oil.

Fat plays an important role in the structure of cake batters
and the guality of cakes is greatly affected by the amount and
type of fat used. A significant flnction of fat in cake bakmg
IS Imparting tenderness to cake crumb which has been foun
to be the most important characteristic governing consumer
preference’. This work was initiated o stuay the quality
characteristics of cakes prepared from different fats and oil
viz, margarine (S,), . pure qgee (S, Amul butter (S3,
refined ground nut oil (S4, bakers shortening (S, home
made butter (59, and hydrogenated fat (S7.

Cakes were,?rep_ared using the recipe given by Stevenson
and Miller2with sllgtht modification in the quaritities of e%g
and fat. The amount and proportion of ingredients and
procedure were standardised.

Volume, viscosity and specific gravity of cake batters were
measured. Viscosity of batter was measured using Brookfield
viscometer with spindle 45,6 at 100 speed. Using seed
displacement method volume of cake was measured.

he sensory properties of cakes were evaluated usmF
descriptive cum numerical score card by a selected pane

the

a
of
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2 éudges who had undergone training on the test sample by
conducting three consecutive trials. _

The objective measurements of batter are shown in Table
1 Specific gravity of cake batters ranged between 0.87 and
115, Specific grath measure indicates the amount of air in
the batter, Gréater the amount of air in the batter lower is
the specific graw(t)y. Cake batter with margarine showed low
specific gravity (0087) while that with bakers, shortening and
oil showed high specific gravity of 1,00 and L15 respectlvely.
According to Griswold3 batters containing ail do not hold

air well.

Batters with low specific gravity_ showed high viscasity.
Cake batters with bakers, s ortenln[q and oil ‘showed low
viscosity of 3914 and 1965 respectively. Charley4 stated that
batters containing emulsifiers are thinner andhave a high
specific gravity and greater mobility.

The weights of the baked cakes did not differ much. The
Bercentage loss of weight ranged between 5 and 7 per cent.

ercentage loss of weight during baking is related to the
amount_of evaporation of water besides loss of carbon
dioxideb. A striking difference was, however, observed in
the cake volume. Cakes prepared with margarine and pure
ghee showed larger volumes while those with amul butter,
refined oil and hydrogenated fat had smaller volumes. Fat is
the only ingredient in shortened cakes which is active in
entrapping air and has a consicerable effect on volume and
grain_of the Froduc_t46. During baking, the fat melts
releasing air cells to give exBansmn to the product7. Specific
volume "of cakes ranged between 158 and 211 Cakes
prepared from margarine showed hl(%her specific volume
While that made of oil and hydrogenated fat had minimum
specific volume, .

The acceptability scores of cakes for each of the external
and internal characteristics, the total scores and ranks are
shown in Table 2 _

Cakes prepared from margarine had a total score of 79.33
ranking first amongst all the experimental cakes. Cake made
from oil though showed high specific gravity, low viscosity

Table 1. Objective measurements of batter and cake

- Creaming Batter Cake
G (tr'nrpn Spar Viscosity* Weight Volume Sp voi
0 (cc) (—cclg)
S 2 0.87 7860 415 830 21
) B 0.9 1350 416 il 1%
93 6 0.98 7125 41 691 161
I — 15 1965+ 21 676 158
S5 B 0.9 6520 419 760 18
S 8 097 5210 425 736 N
7 u 100 3910+ 43 653 158
b Seed—100 v+ Sinde—4, v+ 4 Jide—5.  Spindle—6.
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Table 2. Acceptability scores of external and internal characteristics, total scores and ranks of cakes

Internal characteristics

Top
fop crust  crust _ Moist- Tender-
colour Grain Ness Ness
S, 9.33+0 10+0 1040 1040 10+0
S2 8.00+0 (040 1040 1040 9.94+0.05
S, 855+0.09 1040 1040 1040 9.60+0.05
S 9214009 1040 1040 1040 10+0
S5 7.33+0 1040 9.33+0 1040 971+0.05
g6 6.00+0 1040 1040 9.94+ 04 9.66+0
57 8.66+0 1040 8.55+ .1 10+0 9.88+0.10

and smaller volume, nevertheless showed hlgher acce|otab|I|ty
as [ludged by its total score of 79.21. Based on total scores,
cakes prepared from pure ghee (77.94), amul butter (76.81),
hakers, shortenlng (76.03), hydrogenated fat (75.86) and home
made butter (74.59) were ranked in that order. Individual
scores for external and internal characteristics revealed that
condition of top crust, tenderness and flavour and taste were
the major characteristics that were affected when the fat was
varied in_cake preparation. Margarine was found to be the
most suitable fat while homé made butter me least.
Acceptable cakes could be prepared from oil as evident from
the observations of this study.
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The Guidelines for Predictin% Dietary Intake of Pesticide
Residues, WHO, Geneva, 1989, pp24; Price: Sw fr 8-

The above cited booklet has been prepared by joint
UNEP/FAO/WHQ Food Contamination Monitoring
Programme in collaboration with the Codex Committee on
Pesticide Residues. The booklet covers 1) Acceptable daily
Intake and maximum residue limits, 2) Predicting the dieta
intake of pesticice residues, 3) Use of the gmdellnes, ?i
References, 5) Glossamnd Annexures 1and 2. Annexure
describes Joint FAONVHO consultation on quidelines for
predicting dlietary intake of pesticide resicues, while annexure 2
provides relevent notes on commodity and resiclue levels etc.

As it has been tht_Iy pointed out that even when pesticices
are applied strictly in accordance with good agricultural
Practlce there may be still some uncertainty as fo whether
he levels in the diet of the members of the community are
within acceptable limits. Confirmation of this can be obtained
through detailed dietary intake studies, which is costly, hence
a method for predicting the dietary intake has been worked
out comRarl_nq the recommenced acqgotable daily intake
(ADI). With this n view, the Rrese_nt quidelines describe the
proceedures for predicting the dletag intake of pesticide
resicues. These procedures are included to assist acceptability
of Codex maximum residue_limits (MRLS). These hasic
approaches, which are desgned to provide reasonable
assurance that use of Codex MRLS will not result in a dietary
intake of pesticide that exceeds its ADI, are placed for
consideration of relevent authorities. _

It should be apP_reuated that the use of the MRLS in the
prediction of pesticide residue intake will lead to an over
estimation of actual pesticide intake. It is recommended that
average daily food consumption values be used in predicting
pesticide residue intake for comparison with the ADI.

_The booklet serves as a useful quide for those engaged in
dietary studies with respect to pesticide residues.

J R RANGASWAMY
CFTR., MYSORE-13.

Dichlorvos, Environmental Health Criteria 79\WHO, Geneva,
1989; pp 157; Price: Sw fr. 1

Dichlorvos-Environmental Health criteria 79 is published
under the Joint sponsorship of the United Nations
Environment Programme, the International Labour
Organisation and the World Health Organisation.
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This document has 12 chapters being classified as under.
Summary and recommendations cover 15 pages inclusive of
?eneral aspects, environmental aspects, distribution and
ransformation, effects on mechanisms in the environment and
exprerlmental animals and effects on man. ,

he second chapter includes identity, physical and chemical
properties, conversion factors, anaiytlcal methods. The
physical and chemical properties are presented in Table 1in
pa?e 13 while the analytical methods for Dichlorvos residues
In food and biosystems are dealt in detail in Tables 2 and 3,
The cholinesterase activity in blood and the concentration
of Dichlorvos have been “dealt in detail in Table 4 while
determination of Dichlorvos in air, soil and water are included
in Table 5. This chapter very satisfactorily covers the sampling
effects and analytical methods. Chapter 3 deals with exposure
of DDVP on environment and humans. Distribution, transport
and transformation of DDVP in environment concerning the
biotransformation and also the environment levels and human
exposure are respectively gresented in_chapters 4 and 5.
Pharmaco-kinetics of metabolism of DDVP are very well
depicted in the figure presented in_page 46 and also the
elimination and excretion in expired air, faeces and urine have
been systematlcallg catalogued besides biological hody
burden.” Chapter 6 escribes the effects of mechanisms in thie
environment mcludm% micro orgianlsms, aquatic organisms.
The_toxicity to fish has been elaborated in Table" 11 One
section deals with the effect of Dichlorvos to non-target
aquatic insects and terrestrial organisms, being_covered in
Table 12 LDWvalues have been ﬁresented in Table 15 to
various experimental animals. The effect of short term
exposure to various mammals including oral, dermal, and
Inhalation studies, cholinesterase activities in response to
DDVP and also Ionq term exposures, embryo toxicity and
mutagenicity are dealt int chapters 7 and 8. Carcinogenicity
and mutagenicity both in vivo and in vitro, mechanism of
neurotoxicity and effects, factors modifying the toxicity also
form part of chapter 8. Effects on man by poisoning incidents,
occupational exposure are adequately covered in"chapter 9.
A critical evaluation has been made in ChaPter 10 elucidating
the, human health risks and effect of DDVP on the
environment, _ .

The criteria document ends in Chapter 11 by recommendmg
that continuous exposure of young childrén and disease
elderly OPeople to DDVP in poorly Ventilated rooms should
be avoided. As DDVP obtained from different sources varies
In purity and contains varieties of impurities, attention should
be paid to its composition and should confirm to FAO and
WHO specifications. The previous evaluations by other
international bodies have been reviewed which should be
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taken into cognisence by the ,peoPI_e and the researchers,
manufacturers while synthesising this compound.
This document has 478 references starting from page

17147,

This document on DDVP will be very useful for research
personnel, formulators, environmentalists and many user
organisations, in §)_Ub|IC_ sector for containing the insects in
various locales. Since its blblloqraphy IS Very vast, basic
researchers on formulation deve oi)ment, biodegradability,
biological half life and resicue problems could be understood

using the information sources. The effort made by Dr.

A.H."Van Heemstra-Lequin and Dr. GJ. Van Esch of the
Netherlands are commendable.

MK KRISHNA KUMARI
CFTRI, MYSORE-13

Cypermethrin-Environmental Health Criteria 82: WHO,
Geneva, 1989, pp 154; Price: Sw fr.16

This monogqraph contains an exhaustive introduction in
addition to ofner 11 main sections on Cypermethrin from
environmental transport to effects on man. Cypermethrin was
initially synthesised in 1974 and first marketed in 1977, In
most substrates, the practical limit of determination is 0.01
mg/kg. Cypermethrin may cause a transient itching and/or
burning sensation in exposed humen skin. It is relatively
stable 0 sun |I8ht may be it ma undergo,photodeg{radatlo,n.
It is absorbed from the gastro intestinal tract and its
eliminations are quite rapid, Cypermethrin does not cause
repetitive activity in nerve fibres but it affects the sodium
channels in the nerve membrane and cauge a long-lasting
prolongation of the transient increase in sodium permeability
of the_ membrane during excitation. Consistent with the
lipophilic nature of Cypermethrin, the hlﬁ.lhest mean tissue
concentrations are found in the boaly fat. The oral exposure
of the general population is low and nﬁgll ible. No case of
accicental poisoning has been reporfed” as a result of
occupational exposure. S

The monograph contains 1L main sections. Thely are
Icentity, Physical and chemical properties, Analytical
methods, Sources of human and environmental exposure;
Environmental transport, Distribution and transformation.,

Environmental levels and humen exposure., Kinetics and

metabolism., Effects on organisms ‘in the environment,,
Effects on experimental animals and in vitro test systems.
Effects on man., Evaluation on health risks for man and
effects on the environment., Recommendations., and previous
evaluations by international bodies.

The mondgraph_provides an_extensive citations on
Cypermethrin running upto 341 The WHO task group on
environmental health criteria under the Chairmanship_ of
Dr. M. Mercier has done a commendable job in presenting
all aspects of Cypermethrin. The monograph serves as a
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useful guide for all those peaple working on various aspects
of Cypermethrin.

JR. RANGASWAMY
CFTRI, MYSORE-13,

DDT and Its Derivatives-Environmental Aspects.
Environmental Health Criteria 83 Published under the joint
sponsorship of the United Nations Environment
rogramme, the International Labour Organisation and the
VS\\I/\c/Jr 9 Hl%alth Organisation, Geneva, 1989, pp 98; Price:

.

The report contains collective views of an international
group of experts and does not necessanIKI represent the
ecisions or the stated policies of the UN Environment
Programme. _ _ _ _
e review deals with the physical and chemical properties
of DDT and related compounds, kinetics, metabolism,
biotransformation and bioaccumulation, retention in soils and
sediments, plant uptake, uptake and accumulation by plants
micro-organisms, - aquatic invertebrates, fish, terrestrial
invertebrates, birds, mamnals, toxicity to micro-organisms,
particularly bacteria and cyanobacteria, freshwater micro-
orglam_sms, marine micro-Organisms, soil micro-organisms
including fungi. B .

There 15 achapter on toxicity to aquatic invertebrates, short-
term and long-term toxicity,” physiological effects on fish
development of tolerance, toxicity to amphibians, sub-lethal
hehavioural effects on fish and physiological effects on fish.

The chapter dealing thh_terrestnal_or%anl_sms reviews short
and long-term toxicity to birds, toxicity to birds?eggs, effects
on bird reproduction; reProductlve hormones and behaviour,
rgoroductwe effects on the male, effects on the thyroid and
al rg,ngl glands in birds anc synergism with other compounds
in birds.

It was macle very clear n this document that the aim wes
to take the ecologists’ point of view and consicler effects on
p_(#ulatlons of organisms in the environment which is totally
different from the approach of the toxicologist. This document
does not consider effects on orqanlsms In the environment
but does consicer environmental Tevels of DDT likely to arise

rom recommended uses. No attempt was made to' reassess
the human health risk. o

The review s a valuable document for those dealing in
environmental safety of DDT used now largely in public
health and some of the derivatives being used In agriculture.
The information will be useful for research workers and those
who are involved in pesticice regulations.

V. agnlhothrudu
UPASI TEA RES. INSTITUTE
VALPARAI-642 127
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Lead-Environmental Aspects, Environmental Health criteria
85, WHO, Geneva, 1989, pp 106; Price: Sw. fr.13

This review has been published under the Aomt sponsorship
of the United Nations Environment Programme, the
International Labour Organisation and the World Health
Or]ganlsatlon. _

he WHO Task Grants on EHC met at the Institute of
Terrestrial Ecology, Markswood, UK during December 1987
and the first drart was prepared by Dr. S, Dobson and
Mr. P.D. Howe. Dr. M. Gilber and Dr. PG. Jenkins as
members of the IPCS Central Unit were responsible for the
overall content and edlt;n? respectively. .

It starts with a short introduction ini page 8 defining the
aim of the document, taking the ecqlo?ls S point of View,
consider effects of Lead on biological population in the
environment and considerable attention has been paid to
persistence in the environment and hioaccumulation and
covers only the data which are considered to be essential in
the evaluation of the risk posed by Lead in the environment.
The physical and chemical Elropernes of Lead have been well
documeénted already in EHC 3: (WHO 19772. The book
comprises of nine chapters followed by 250 references with
a comprehensive coverage. _

The first chapter presents the summary and conclusions
eluudatln% the physico-chemical properties of Lead and
SOUrces 0 _{Jolluthn, Uptake, loss and accumulation in
organisms, its toxicity to'micro organisms, aguatic Species,
terrestrial organisms, toxic effects in the field. Physical and
chemical properties and some of Lead in the environment
have been very briefly dealt in chapters 2 and 3 resgectlvel
8 these have been documented in EHC 3 (WHO 1977).
Chapter 4 deals with uptake, loss and_accumulation in
or%anlsms and these are well represented in Tables 1and 2.
~ Effects of Lead salts, organic Lead on microorganisms
mcludm% 200 and phytoplanktons have been dealt in chapters
5 and 6, Toxicity of Lead salts are included to aquatic glants
invertebrates {described in Table 3) fishes (Table 3
Amphibians have been well documented, A comprehensive
review on several effects of various forms of Lead on
terrestrial organisms viz., invertebrates, birds and wild
mammals forms chapter 7. S

Chapter 8 includes the effect of Lead in the field - tolerance
of plants to Lead, industrial sources of Lead, industrial
sources of lead pollutlon and massive bird kills in estuaries.
Hie last chapter ((19) comprises of Evaluation of Environmental
hazards of Lead, its entry to the equatic and terrestrial
environment by references. o o

Information collected, classified and ;highlighted in this
ook on Lead Published by 160/UNEPAWHO will be helpful
to all user or?anlsatlo_ns, environmental - scientists,
educationists and toxicologists. The task groups’ painstaking

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL, 27, NOVIDEC 190

effort in bringing out this essential document is noteworthy.

M.K. KRISHNAKUMARI
CFTR.., MYSORE-13.

Mercury - Environmental Aspects - Environmental Healtl
Critéria 86 Published under the joint sponsorship of tf
United Nations Environment Programme, the International
Labour Organisation and the World Health Organisation
as part of the IPCS Qnternaﬂonal_ Programme o Chemical
Sarety), World Health Organisation, Geneva, 1989,115 pp;
price: Sw. fr. 14

The WHO Task Group on Environmental Health Criteria
has done an excellent job in FEVIEWIH? the various aspects,
which include: Physical and chemical states of mercury in
the environment, Sources of mercury in the environment,
including natural and anthropogenic sources and c¥cllng,
speciation, levels in the environment and methylation of
mercury. o

There are chapters on_uptake, loss and accumulation in
organisms, toxicity to micro-organisms, toxicity to aquatic
life, tox_lm(tjy to terrestrial organisms and effect’of mercury
in the field. _ o o

Effort has been made to present information in the criteria
documents as accurately as possible. The document, however,
IS not intended to be exhaustive in the material included.
Congentration figures for mercury in the environment or in
Partlc_ular species of giganisms, have not been included unless
h@ly illustrate specific toxwoioglcal points.

he ﬁubllcatlon Is valuable for agrochemical industry,
res?ar,cd workers and those involved in regulatory affairs of
pesticicles.

V. AGNIHOTHRUDU
UPASI, VALPARAI-642 127, TN.

) Abrasive-disk dehullers in Africa: from research to

dissemination: by Michael W, Bassey and O.G. Schmict,
International Development Research Centre, PO, Box
8500, Ottawa, Ontario, Canada, KIG 3HO, 1989; p 9;
Price: not stated.

This book discusses the application of Abrasive-disk
dehullers in processing of sorghum, pearl millet and certain
grain legumes. This book can be viewed as a Technical
companion to their earlier publication, an end to pounding
(Eastman, 1980). .

The book is ‘divided into seven chapters. The chapter
“Introduction’, deals with the food problem in Africa and
inexpensive maching dehulling to save substantial energy and
time of the average rural home maker. Next is a unique
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chapter on ‘traditional foods, user preferences and grain
quality’, describes several steps involved in traditional
processm? and food preparation and wide range of dishes
prepared fromboth sorghum and millet. Implications of grain
characteristics to obtain satisfactory functional properties of
food and. population preferences in use of dehullers for the
local grains and foods prepared from the processed products
are discussed. _

The next two chapters deal on ‘evolution of the dehullers,
and their design features’ They describe exhaustively the
evolution of several variants of large and small dehullers and
their applications to a range of problems in different National
contexts. The salient design and operatlng features of the
dehullers and their various components and the grains to be
dehulled are discussed.
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The next chapter grain machine interactions’, examines the
action of removing the hull froma grain from two points of
view: the grain structure; the nature of the abrasive material
in the grinding wheel or disk; and defines relevant measures
for comparing dehullers performance.

The last two chaﬁters ‘small scale milling systems’ and
‘Dissemination of the technology’, provides Information on
the small scale milling installation—a single dehuller-grinder
combination, requirements for planning, installing, operating,
managing and .evaluatlnﬁ in rural and urban areas for custom
and trade milling. Finally, the role and responsibility of the
applied researcher in wider dissemination of technology is
examined.
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President Dr. D.K. Mathur
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Hony. Treasurer Sh. RK. Kohli
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This will come into effect from the beginning of Volume 28, 199L 1 solicit your kind cooperation.
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