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RESEARCH PAPERS

Studies on TransBortatio_n of Wet Fish. I. Impact of
ackaging on Cost

P. Chattopadhyay and A N. Bose

Department of Food Technology & Biochemical Engineering, Jadavpur University, Calcutta-700 032,

Manuscript Received 3 April 1978; Revised i5 Septembei 1978
The cost of transportation of wet fish in iced and frozen condition in different types of returnable and non-returnable containers

was analysed.

Eb_elow 1000 km) irrespective of the type of container used for transport. ~ As no economic
ainers, it is recommended that the capacity of a container should be about 50 to 70 kg.

fish are transported y oy rall from the landing
centres lo major; inland markefs.
gerat_ed vans which transport about 5000 tons , almost

| fish is transported in non-insulated parcel vans.
Although the lime of trans?ort ovei the railways may
vary bétween 24 and 70 hr, the total time elapsed from

the point_of landing to point of retailing may be as
hi IDas 0 hr. Shor(lJ andp 3 %/spoit_cis

In India, about fifyn rﬁaa?llx% thousand tons of fresh
k

medium distancé tra
ustially done by trucks or insulated road vans which
cover @ maximum distance of 600 km. in 20 hr. How-
ever, a recent reportLshowed that trucks are being used
In long distance transport of fish which can cover a
distance of 2000 km jn'48 hi. _ _
Ice 15 the only cqolmg% medium used in transportation
of fish. The quantity ot ice used varies between 50 and
100 per cent of the wel(t;_ht of fish depending on the
ambient condition, duration of journgy and” type, of
container. ~ Reicing IS done at" intermediate “points
enroute whenever réquired. Type, capacity and cost 0
container used for fish transgort varies from place to
place.  In general, bamboo basket lined with leaves
cane angl creeper basket, plywood box {used tea chest)
lined with jute cloth are exténsively used for fish trans-

port . .

In the present stugly, the icsd and frozen fish were
transported from various points lo Calcutta on experi-
mental basis. The data of field experiments were ana-
lysed for f|nd|n? out the differences in the avera
expenditure involved
and frozen state) in different containérs.

Materials and Methods _

Container; Size, capacity and materials, of constry-
ction of different types of Containers used in this study
are given in Table
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Except a few refri- ||

f from 50

g
ed In transporting fish (both in icéd p

ransportation of wet fish under frozen condition is less economical co_mgared to iced fish over short distances

enefit can be derived from larger con-

Selection of procurement place:  Different varieties
of sea fish like Dhoma (Scioena sp.), mackerel (Rasfre-
|?er SP., Bombay duck (Harpondon sp.), pomiret
(Stromateus sp.) and cat fish (Siluridoe sp.) were pio-
cured from Paradeep port, a mzy_or fish Iandm% centre
in the Eastern region of India (dlistance about 800 km.
from Calcutta), Fish consignments took 34 hr to reach
Calcutta market from the procurement place at
Paradegp.  Some 3uant|ty of similar variety of sea fish
were also. procured_from Madras in Southern India
(cistance js about 1700 km from Calcutta). = The fresh
Water varieties of fish like Rohu (Labeo rohita), Mrigal
5C|rrh|na mrlqala? and catla (Catla catla) having an
verage Weight of 200 Ig and length 6 to 8 in. were"pro-
cured"from Madras, Fish consignments took 62 hr to
reach Calcutta market from the” procurement place at
Macras. All fish consignments were transported in non-
refrigerated railway vans. _ _
Packm%: The “capacity of each container. varjed
5010 100 kg~ Fish and crushed lump ice (L1
by weight) were packed in layers. Fish landed in the
evening was_immediately iced to bring down its tempe-
rature.” Chilled fish is then packed in containers and
despatched at night. The samples of fish were taken to
laboratory for “assessment of quality. Fish tempe-
rature v¥as recorded immediately after arrival of con-
signmens.
reezing:  The fish was_frozen in a Model SA
Tekamsha plate freezer, Fish received from different
laces was examined for their temperature, jmmediately
led, washed with chlorinated water and_chilled prior to
freezing, Fish were arranged In aluminiym trays (28
em x 18 cm x 5 cm) and interspaces filled up with
water, The trays were then charged into the freezer.
The temperature of the freezer ‘was maintained at
-30°C. An average time of 3| hr was required for
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Table 1. details of container used in cost analysis

Container Description Capacity Weight Cost

No. (k9) (kg)  (Rs)

1 Piywood box 50 5.00 7
50 75 10.00 10
55 100 15.00 15

2. Piywood box with 400 gauge 50 5.25 10

polyethylene film lining inside
75 10.50 15

59

. 100 16.00 20
3. Plywood box lined inside 50 5.50 9
with 1 cm thick expanded
polystyrene in polyethylene
bag*“
s 1000 1
100 16.50 15
4, Moisture proof corrugated 50 2.00 7
fibre board box with wood
wool insulation in between
two walls.
75 3.00 10
o 100 4.00 15

“Expanded polystyrene insulation can be used twenty times,
which has been taken into consideration for calculation of cost.

complete freezing of fish, The blocks were then removed
from the trays, packed In containers and despatched.
Measurement of fish temperature: The temperature
of fish was measured by the E)rocedure described b
Graham2 with a coppér-constantan (0.05 ¢m dia.
thermocouple conne?te_d to a portable” potentiometer.
Basis 01 cost analysis: In orcer to transport fish
at acceptable quality level, the expenditure incurred
consists of costs _toivards icing or freezing, cost on
container and freight charges. It is assumgd that all
containers used in‘this study are freely available at all
despatchln,% centres at a fixed price.
available information, the freezing charge 15 taken  as
50 paise per kilogram throughout the “entire fishing

\-st
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ig. 1. Cost of transport of iced fish using different containers
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2. Cost of transport of frozen fish using different containers

season.  The_costing is based on freight charges appli-
cable to perishablegoods on Indian” Railways dun_ni

-
«Q

1975-76. "Equal amount of ice and fish (weight basis
were packed In all containers and the same 3u_ant|t_y_ 0
ice f(1 0 per cent of the welqht of flshg Was Used in reicing
of fish whenever required. ‘1t was noted that larger quan-
tity of fish can be packed in a smgle container”if it was
on' the frozen state (40 per cent more than the iced cond-
tion). Al containers except the expanded polystyrene
insulants are for single use and the above insulants can
be used for twenty times. . This however, requires extra
care for collection, cleaning with suitable disinfectant
and returning them to the despatchmg Gentres, The cost
towards suct], operations was calculated as 20 paise per
Kilogram of fish and this is included during cost analysis
for this particular container (container 2).

Results and Discussion _ o
.Thecost oftranspart of one kilogram of iced fish in four
different containers is shown in Fig 1 and that of frozen
fish in Figure 2. Bogh the f|gures indicate the compara-
tively lovier cost of transport u_smgi disposable fibre-
board container (container 4). It is also evident that the
transpoit of frozen fish is less economical compared
to iced fish over short distances. As the distance between
landing and consuming centre increases, the cost of
transport of iced and frozen fish tend to come nearer.

Freezing is needed only when distances are Ion?er_ than
. This 15 because larger Ua[]tltP/ of fish In
frozen form can be transported in a single container

directly thus avmd_mg reicing and related” expenditure
at Intérmediate points.  The effect of gross v_ve|ght of
container on the cost of transportation of iced and
frozen fish Is negligible; ﬁlﬁerence is only 0,01 tg 0.02
rupee per kilogramof fish). As no econornic benefit can
be derived from the increased capamtg of container, the
capacity should be limited to 50-70 kg. ~ Moregver,
smaller” container can be handled withy lesser effort.
The above figures also indicate that fibreboard con-
tainer can be Used for transportation of both frozen and
iced fish. Both for short and long distance transport,
the cost of transportation per kilogram of iced fish in



CHATTOPADHYAY AND BOSE: TRANSPORTATION AND BACTERIOLOGICAL QUALITY OF FISH 223

fibreboard contarner |s consrdrab tY lower than that of was frnancraII}/] supé)orted by Indian Council of Agricul-
conventional plywood hox and the cost is identical If tuial Reseal
fish is transported |n frozen state
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Studies on Transnortatron of Wet Fish. |I. Effect of Transport
Environment on the Bacteriological Quality of Fish

P Chattopadhyay and A N. Bose o
Department of Food Technology & Biochemical Engineeiing, Jadavpur University, Calcutta-700 032

Manuscript Received 3 April 1978; Revised 15 September 1978

The bacteriological condition of vehicles and containers used in fish transport in India were investigated. Detection of Iar%e
number of pathogenic or?anrsms indicated the insanitary condition under which fish is transgorted in"the country. This can be
avoided using disposable fish container like fibre board box. Bacteriological condition of fish, both in iced (1:1) an in frozen state
transported in such containers, were compared with those transported in reusable containers,

Marine fish are alwalys contaminated by bacteria; Materials and Methods
the quality offrsh 15 dete mrned by the activifies ofthese  Preparation of swab for bacteriological analysis of
bacteria, “apart from the autolytic and biochemical container and vehicle surfaces: SwabS were made of
changes takrng place In frsh simul aneously By intimate  absorbent cotton (L5 ¢cm dia., 5 ¢cm long) on a 15 ¢m
mixing with ite the lag phase of these Hacteria can be glass rod, 25 mm'dia._The swab, contained in a tube
extended from 4 to 5 ir 't 56 days and thus the dete- Wes autoclaved at 121°C for 20 min, The area swabbed
noratron caused by bacterial activity can be minimised, was 5 cm wide and 5 ¢m long using a tinplate Swab
In this contextit may be mentioned; that the nature of %urde which_was sterilized by alco oI and flaming
mrcroflora of inland waters and fishes Is not yet fully Before use. The area was sampled by rotating the swad
understood!2 on it, firmly against the drrectron of wrprng and then

Part from the marine microflora naturally present transfernng it” jmmediatel r¥ into 100 ml of normal

Ish, |t I5 also contaminated with the bacteria of saline; the handle_was then pulled free from the swab

terrestna on?rn as.soon & It 1s dumped from the net anq discarded.  The bottle contarnrng the swab was
on the deck of the fishing vessel. Some of these bacteria  shaken thoroughIY Decimal dilutionS wete prepared
are |mgortant from the Pornt of view of gublrc health, for bacteriological analysis.
Presence of these organisms beyond certan stipulated  Preparation” of fish sample: - About 10 % gsurface
limit on_fish ma)( render it unfit for human consum- area 6 sg, cm.) of fish was taken from dorsal Side of the
tion. The extent of contamination Iarg I%]de ends on  fish ang blended with 100 ml of normal saline and 10 g
he made of hangling, the care bestowe he gene- of sterile sand. The clear supernatant was taken for
ral_sanifary conditior’s of the environment3 serial dilution for bactenologrcal analysis.

The bactertal load on fresh fisn mixed with ice may . Tofal bacterjal count. The’standard media4 used con-
aIterasthe fish i |s transported from one place to another  sisted ofthefollowrngmr{;redrents tryptone, 0.5; per cent
een in ontetrme re urred for such transport andl  beef extract, 0.3 per ten sodrum chloride, 05° er cent
aso on the actenoo ical quality of jce employed. glucose, 0.1'per cent: agar 1 per cent. Te;IJ1
Data collected on aII these. aspects through' actual  medium was ad{usted to 7.2 by sodium hydroxid e
field experiments are reported here. solution and autoclaved at 15 psig for 15 min. ~ After
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serial dilution, samples were plated in triplicate and
plates were incubated at 37°C for 48 hr.  Visual
colonies were counted.

Faecal Streptococcus: The KF agar medium5 was
used for this purpose. The pH of the medium was
adjusted to 7-7.2 with sodium hydroxide solution.
After addition of the indicator (Bromocresol purple),
the medium was autoclaved at 15 psig for 15 min. One
millilitre of 1 per cent sterile 1:3:5 triphenyl tetra-
zoliurn chloride solution was added to each 100 ml of
sterile KF agar medium before pouring into plates.
The tetrazolium solution was sterilized immediately
before use by boiling it for 5 min. Plates were incu-
bated at 37°C for 48 hr. The red and pink colonies
developed were counted as faecal Streptococcl.

Colifonns and E. coli: The Desoxycholate_Agar
medium was used for detection of colifonns and E. COlL.
Ten colonies were picked up randomly and inoculated
into Eijkman Lactose medium in tubes containing
Durham’s tube and incubated at 45.51% 0.5°C._ The
production of gas is indicative of the presence of E. coli

ty$e L

Staphylococcus  count: ~ The  Chapman  Stone
medium was used for detection of Staphylococcus.
After seiial dilution, sample was spread on the surface
of the preset medium using a bent glass rod and in-
cubated at 37°C for 48 hr. With ten randomly selected
yellow or orange colonies the following tests were
performed: (a) feimentation of mannitol (D) gelatin
liquefaction and (c) coagulation of plasma.

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY VOL. 15, NOVEMBER-DECEMBER 1978

Organoleptic analysis: For each taste panel eva-
luation two pieces each of fish transported in experi-
mental and control box were cooked and served to a
panel of seven members. The coded fish samples were
assessed for odour and flavour and the results were
scored on a ten-point scale using a score of 5 as the
limit of acceptability6-7.

Results and Discussion

The survey reported here (Table 1) indicates clearly
the insanitary condition prevailing with particular
reference to transportation system.  Considerable
variations in microbial load were observed in case of
washing water and ice. Microbial load in such case was
found to be dependent on the source of water supply.
The possibility of contamination of fish during trans-
portation with pathogenic organisms cannot be ruled
out as simple water washing of vehicles and containers
does not eliminate the contaminating organisms to any
appreciable limit.  The bacteriological quality of fish
transported in returnable and non-returnable containers
is reported in Table 2. The result indicates that bamboo
basket can help to maintain fair bacteriological standard
of fish. Any way, the bacteriological quality of fish
transported in experimental container (fibre board) is
undoubtedly excellent as compared to fish transported
in traditional way. The fishing trade should take more
care in handling, transport and distribution of fish.
Disinfectant should be used for cleaning the vehicles
used for transportation.

Table 1. bacteriological conditions of fish transport environment
Faecal _ Coagulase
Source No. of tests  Total count Streptococci Coliforms E. coli positive
Staphylococci
No. of organisms/cc
1 Washing water 10 o8x 10r 0-2X 10* 0-4x103 0-1x103
2 lce 5 0-5x1C4 0-2x105 0-1x103 0-2x103 —
_ Av. No. of organisms/sq. cm. after usual washing
3. Vehicles
Non insulated fish vans 20 9.5x10« 2.5x105 2.5x105 2.5x103 4.8x10*
Refrigerated fish vans 20 35X107 1.2x103 2.8x103 6.5x102 8.5x102
Trucks 155 1.9x1G9 3.0x105 6.5x10s 8.2x103 5.4x10*
Carts 10 20X 107 5.5x103 86X 1» 7.5x102 1.5x103
4. Containers
Wooden hox 30 1,2x 1C« 1.9x10* 2.5x103 120 500
Plywood nox 30 6.2x107 8.8x103 600 50 300
Plywood box with 1cm
expanded polystyrene
insulation 20 16X 10° nil nil nil nil
G. I. Box 25 1.8x105 20
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Table 2. bacteriological quality of fish transported in different containers from madras to Calcutta

Av. no. of organisms/g of tissue

Type of container Dimensions Ratio of Variety No. of : Sensory
(cm)  icetofish offish samples Total Faecal Coli- E. coli Coagulase rating
examined count Strepto- forms +ve
cocci Staphylo-
cocCi
Returnable
Plywood box with Lcm thick ex-  40x40x35 11 Dhoma 20 3.4x105 il 10 il nil 7
panded polystyrne in polyethylene Catfish 5 lLixios5 6 il il nil 7
bag lining Mackerel 10  2.0x105 il nil il nil 7
Frozen Dhoma 10 50x103 nil il nil 7
Catfish 8 2.3x103 nil il nil 7
Plywood box (control) 40x40x35 11 Mackerel 12 1.1x104 il il il nil 7
Dhoma 0 55xIC6 50 346 12 5 4
Catfish 10 61x105 1% 20 2 3 4
Mackerel 10 24x105 210 83 10 2 5

Non returnable

Fibreboard box (experimental) 40x40x53 1:1  Dhoma 10 45x105 il nil il nil 5
Catfish 14 25x105 il 2 il nil 5
Mackerel 10 7.0x105 il il il nil 5
Frozen Dhoma 10 2.2x105 il il nil nil 7
Catfish 8 8.2x103  nil nil il nil 7
Mackerel 12 3.6x104 il nil il nil 7
Bamboo basket (control) Irreqular 11 Dhoma 2 6.7x106 10 62 nil nil 4
Catfish 5 28xl06 8 15 3 15 4
Mackerel 10 8.5x106  nil 2 il nil 4
Acknowledgement 3. Shewan, J. M., J. appld. Bacteriol., 1971, 34, 299.
This_investiga_tion was ﬁnancia"y suppor[ed_by Indian 4 Methods for Plate Count of Bacteria in Food, IS 5402-1969,
Council of Agricultural Research, New Delhi. Indian Standards Institution, New Delni
5. Kenner, BA., Clark, H. F. and Kabler, P. W., Appi. Micro-
References biol., 1961, 9, 15.
1. Balakrishnan Nair, R., Tharamani, P. K. and Lahiry, N. L, 6 Ehrenberg, A.S.C. and Shewan, J. M., J. Sci. Fd Agric., 1953,
J. Fd Sci. Technol., 1971, 8 53. 4, 482.

2. Balakrishnan Nair, R., Tharamani, P. K. and Lahiry, N. L., 7. Ehrenberg, A.S.C. and Shewan, J. M., J. Sci. Fd Agric.,
J. Fd Sci. Technol., 1974, 11, 118. 1965, 6, 207.
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Both marine and fresh water fish were transported in fibre board container in iced (1:1 by weight) and frozen state. The fish
quality was evaluated after transportation and compared with those transported in conventional bambeo basket (control). Fish
can be transported in good condition for 60 hr covering a distance of 1700 km in fibre board (three ply, moisture proof) container
and the wood wool used in between two walls of container was found to provide effective insulation.

It is necessary to evaluate the quality of fish by obr{ec
tive and sensory tests. Problems in determining freshness
of fish has been described by Stansbyl ~Although
several methods are now used to measure spoilage In

sh flesh2 4, until reoently none were available’ for 0
the estimation of shelf life or keepin duar 3 Many
atfempts have heen made to estimate the storage life N
of unfrozen fisho'8. Shewan and Liston9 used the ability
of bacteria fo reduce tétrazolium salfs to measure the
freshness of iced fish. Spinelli etal.10 Kemp et al. 11 Jones
et u/. 2413 Dugal4 and Beuchat® measured freshness
by estimating the extent of nucleotide breakdown n
frsh muscle cells. It was shown XLereeta 16 that
the appearance of ){poxanthrner iced fisn follows a
course srmrlar to that of the direct bacterial count and
the latter may be used as freshness test.

Of the Instruments_the Intelectron Fish Tester Mark
VI and the Torry Fish Freshness Meter13 are gaining

o

8hem|oal tests like estimation of hypoxanthine and
inosine  monophosphate  concentrations in- addition
EJ% Po r%;anoleptrc tests were selected for detailed investi-

Materials and Methods

Total bractenal count The procedure is discussed in
Part Il th|s Serles of papers.
Hypoxanthine in fish muscle Hypoxanthlne con-

shaking and precipitate that formed in 15 min at 0°C
Was separa ted in a refngierated centrifuge (Heinzz
Janetzki K Model K-24). The Supernatant
Irqurd Was |scarded The precipitate was washed with

perchloric acid oontarnrn 5 ml of 0.02M silver
nrtrate and reentrifuged and the washing was discarded.

ydrochloric acid ?15 ml) was stirred wgorously with
t e precr pitate. Srlver chloride was removed by centii-
fugation. Hypoxant ine_in solution was estimated
Pectro photometrically (Zeiss) at 248 nm against a
standard hypoxanthine Solution (Fluka AG, Switzerland).

Inosine mono hosphate (IMP): " Preparation of tissue
extract-muscle (1 gg from thé anterio dorsal portion
of the fish was extracted with chilled 3 per cent perchloric
acid19, The homo enate was filtered and 20 ml were
|mmed|ateI¥ neutralised with 10 per cent potassium

droxide to pH 65, The neutralised extract was stored
for a proxrmately 30 min at 0°C to permit crystalli-
zation_ of potassim perchlorate,

Purification of nucleotices: The procedure used b
Spinelli and Kemp was followed.. Dowex 1-X4 CI§
was washed with 10 per cent ammonium h;fdroxrde an
then with 4N hydrochloric acid. Neutrdlized extract
{20 ml) was ass%d over a 1x2 cm resin bed to sre#arate
he nucleotites from. nucleosides, purines, pyrimidings
and free sugars.  Distilled water (35 ml) Was passed
over the column until the effluent was free from yltra-
violet absorbing material. The column was then eIuted

centratjon in fish muscle was etermrne by E)recrprta with 25 ml of "IN sulphuric acid foIIowed by 5m
tion of the silver salt as described by Jones et al, 3 6N sulphunc acid. This removed 98 to 100 per cent of
About 20 g of the fish muscle from the dorsal ?:”é%rd t)he2 u(I:traonet absorbing matenals Th|s was done at

was homo%enrsed with 0.6N perchloric acid at
vacuum filtered. Two millilitre of the filtrate was diluted
with 7 ml of distilled water. Silver nitrate solution
(0.2 ml of 1M) was added to the diluted fil

trate with
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Measurement of a Parent IMP: An a[oproxrmate
dilution was made of the second column eluate (1:10
with distilled water, so that concentration of the fina
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Table 1. quality of iced and frozen fish transported in
FIBRE BOARD AND BAMBOO BASKET ("CONTROL) CONTAINERS

Type of fish ~ Ratio of  Total ~ IMP  Hypoxan- Sensory
ice to  bacterial Rimole tFtrne rating
fish — countly 1s-  flmolelg.

X1Q5
After 34 hr of transport

Dhoma 11 481 041 1.03 6

Control 11 62.2 0.28 212 6

Mackerel 1:1 6.81 0.76 114 6

Control 11 11 0.69 182 5

Bombay duck 11 420 029 072 6

Control 11 28 0.18 1.69 5

Pomfret 1:1 0432 058 118 I

Control 11 4.25 0.32 2.16 5

Catfish 11 o1 0.62 1.3 7

Control 11 0603 043 1.1 6

Dhoma 11 132 0.38 12 6

Control 11 22 0.32 1.80 5

After 62 hr of transport
Dhoma 11 45 0.34 152 5
» Frozen 02 060 123 6
Control 11 67 oz 229 4
Catfish 11 25 041 1.80 5
» Frozen 0.08 051 1.48 6
Control 11 28 0.18 212 5
Mackerel 11 7.0 0.72 120 6
5 Frozen  0.36 081 116 6

Control 11 85 0.55 200 4

Rohu 11 58 111 047 6

Control 11 un 0.89 0.62 5

Mrigal 11 82 096 052 5

Control 11 32 058 0.8 4

Catla 11 6.5 107 0.46 6

Control 11 2 081 0.79 5

solutron wouId be e urvalent to 0.IN squhunc acid.
The absorbance of th so utron was taken ‘at 250 nm,
since at this wave length and acid concentration [go N),
the adenosine monophosphate (AMP) and IMP have
approximately the same molecular extinction coefficient.
Apparent | was then caIcuIated from a standarised
cu e pre ared by dissolving IMP  (Sigma
AN sulphuric acid.” A

ments were made with a Zeiss Spectrophotometer,
Measurement of AMP and actual IMP:  The amount
of adenosine nucleotides in the column eluate was ac-

curately determined by the method given below:

Chemicals,

All absorbance measure-
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Sulphuric acid (TOZ ml of 18N) and potassium bro-
mide was (0.J ml of 0.2M) added t0 column eluate (2 mg
in a test tube. The solution was shaken for a minute an
then 0.3 ml of IN potassrum permanganate was adcled,
After 5 min, 6 per cent g/ro gen peroxide_was adoed
slowly to decolourrze exces perman ganate. The volume
S adHusted to 30 ml and after 15" min the colour was
read at 330 nm agarnst a reagent blank. A standard

repared by Qissolving adening (Sigma Chemigals,
USA in L8N sulphuric acid containing 0.05M sodium
chloride. . The amount of actual IMP was calculated by
substracting the number of moles of adenine found from
the_moles 0f apparent IMP.

Or?anoleptrc analysis: The procedure is as discussed in
part T1 of this series of papers.

Results and Discussion

uaI| of fish recerved In fibre board container and
control bamhoo basket are given in Table L It was
observed that wood wooI msulatron |n the frbre board
container can keep fish In progeryc Illed condlition.
With the deterioration | of fish, the hypoxan-
thine concentration was oun to Increase, wher as the
inosinemonophosphate decreased both in marine
and fresh water f| h The result a reed weII with the
observation made by Kemp and ﬁme 111 during their
study with frozen and thawed fish. The transported
frozen fish was thawed in running water before experl

bIIt)can e concluded that both frbre board (nonreturn
able) and expanded polystyrene lined used_tea ches
(returnable) can be used f g tyans ortation of fish In |ced
and frozen condlition. It js necessa to transport fish
In frozen condition if the distance is more than 1000 km

The capacity of a container should be 50 to Okg The
vehicle, reusable container and any other material used
in fish transport should be cleaned carefully with disin-
fectant before each operation.
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A total of 50 samples of six different types of frozen foods as sold in the stores of a Nigerian city were examined for their micro-

biological gu_ality. The foods examined were frozen fish, frozen meat, frozen polythene packed meat

chicken an

processed cheese, frozen

ice Cream. Organisms isolated were tested and characterised by standard methods. The followm? genera were identi-

fied: Staphylococcus, Streptococcus, Escherichia, Achromobacter, Flavobacterium, Pseudomonas, and Alcaligenes. Mesophilic

plate counts showed a range from 4.4xI03 to 7.0xI07 org./

whereas in the psychrophilic plate counts the range

was from 3.5x 10210 9.2x 1050rﬂ./g. Staphylococci were present in a?l the samples, the range being from 1.2x 102in jce cream

to 4.1x1040rg./g in frozen fish.

The manufacture and distribution of frozen food was
started only about a decade ago in N|9er|a. Now a
number of companies have facilities fof” freezing fish,
meat, poultry and ice cream and have distribution out-
lets throughout the federation. Processed cheese slices
are, however, imported and sold in a frozen condition.
Frozen foods have now. become so [P]gpular in Nigeria
that they are sold even in the local markets. No Syste-
matic stuidy has, however, been carried out to assess the
m|crob|olog|cal quality of these foods as.they are sold
to the consumer. At present, the Nigerian “Standards
Orq?nl_zatlon IS In the process of I%/m down standards
for Various foods Including frozen foods. This work was
therefore, undertaken to “evaluate how far the frozen
foods being sold In the local markets and supermarkets
In Nsukka are microbiolo |callsy safe, These data would
be of help In setting stantards which could reasonably
be met. The primary concern is tq ensure that the frozen
food is safe for human consumption.

Materials and Methods _
A total of 50 samples of fiozen foodstuffs as sold in

the supermarkets of Nsukka were collected as follows;
frozen’ chicken, frozen meat, frozen polythene packed
meat, frozen fish, processed cheese all eI?h'[ samples each
and 1oe cream 10 samples. Immediatefy on collection,
the samgles vere placed in the fregzer in the Iaboratow.
Analyses of the samples were carried out on the day t
samples were bouqht.

Total plate count;  Ten grams. of each sample wes
removed when the food was; still in a frozen condition
using a sterile cork borer and extracted with 0.1 per cent
peptone solution for all samgles except cheese and ice
cream. Cheese samples were emulsified in 1 per cent
sodium citrate solution contained in a water bath at
45°C and serial dilutions were made by adding 085, per
cent NaCl solution.1 [ce. cream samples were seriall
diluted with Ringer’s solution. Plate count agiar (D|fco¥
wes used for determmln% plate count of all samples
except ice cream where Tomato juice agar was Used.
Plates were_incubated at 10° and” 37°C Tor obtaining
psychrophilic and mesophilic counts,

taphylococci:, The staphylococci were enumerated
by plating the initial homogenates on Baird Parker’s

*Present address:  C/o. Dr. S. R. Muddmbi, Lady Irwin College, Sikandra Road, New Delhi-110001.
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medrum2 Plates were incubated at 37°C for 48 hr and
g pical black, shining, convex coIonres 1to 3 mmin

ameter V\ere counted Ty #)lca colonies were confirm-
ed as staphylococcl by microscopic examination, gram
starnrng and differentiated from the micrococci on the
hasis 0 anaerobrc fermentatjon of glucose

Haemolytic activity of typical isolates were studied on
Iates con Ining nutrrent agar overlaid with blood a%

he Eo asma coa ul ase test Was carried out as described

vans, and Niven2,

A portion of the initial homogenate was_inoculated
into Selenjte F broth4 and incubated at 37°C for 24 .
The seIenrte broth was then Inoculated into salmonella
and shigella fgar to give counts of salmonella.

Presence. of coliforms was detected by the MPN
method using brilliant green lactose bile broth. Tubes

which were Eosrtrve to both gas and acid were then
plated on Eosin—Methylene Bltie (EMB) agar. Escheri-
chra sp. was detected by the presence of colonies showing
dark centres with a metallic sheen.

Other tests such as motility test, catalase test, oxidase
test, hydrolysis, agglutrnatron tesfs, indole test, gelatin
liquefaction” and fermentation of Various stgars were
carned out as outlined in Cowan and Steelsand Colling

nd Lyneb. The definitions given by Bergey’s Manual/
was also used for identification and” characterisation.

Results and Disscussion

The mesophilic and Bsgchro_Phrlrc total count in aII
samples are given |n a eresutso mesophr |c
counts ran efrom Ig.for po 1Jo ythene ace
meat to7 xI07 org./ obtarned for ozen mea
Psgc rophil |c counts V\ere found to be always ower than

mesophilic counts The h |g hest ps 8 ch op ||c count
Was recorded In frozen meat while the
lowest wes recorded in ice cream (13 5 X S thIo

coccr were found to be present in all the sariples analys-

TABLE 1. RANGE OF MESOPHILIC, PSYCHROPHILIC AND STAPHYLO-
COCCAL COUNT OF SAMPLES OF FROZEN FOODS

Mesophilic ~ Psychro- Staohylococ-
count  philic count  cal count
Range (org./' Range (org./ Range (org./
ggx (1csg g?xl&g g)gxI((,3g
Frozen fish 4.4-129 1-16 21 -41
Frozen polythene packed
meat 4.4-7300 3.20-560 18 -5.6
Frozen meat 104-8420 49-920 12 -88
Processed cheese 4.98-880 2.00-6.5 0.36-16
Frozen chicken 436-70000 46-690  0.76-23
[ce cream 3.6 -60 0.35-6.5 012-68
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ed, the lowest being in_ice cream (1.2x102 org. /g)r
whereas the highest Was in frozen fish with a valuie

Accordrng to Thatcher8, frozen foods can he
considered ‘Safe for human consumption If the plate
count is not more than 1050rg./g. Frazierd has collected
data from several sources to Show that a plate count of
2x 106to 5x 106 could be permitted in raw meats. He
however, recommends a limit of the plate count at 105
for fish and poultry. Frazierd has stated that the U.S,
Health Ordinance sets the limits at 5x]04 for frozen
desserts Including ice cream. On the basis of the obser-
vations cited ahove, the frozen fish counts of mesoghrlrc
bacteria are within the limits.  Frozen meat without
packaging had in 5 out of the 8 counts more than 5 X106
org./g whiich is above the limit recommended by Frazierd
while ackaged frozen meat had only one sample ex-
ceeding the fimit. _In frozen chicken Where the recom-
mended limit is 105, 3 samples had counts ranging from
106t0 107, In ice cream, excePt for one sample “which
showed a count of 6.0xI04 all the other samples were
below the limit of 5 XIO4 set by the U.S. Health ordin-
ance.  This was the case with cheese except for one
sample.  The_ advantages of packaging for any frozen
product is evident from the findingS hére,

Psychrophilic bacterial counts were on the whole less
thanthe mesophilic counts in all samples. The range
opserved was, from 3.5x102_in ice cream to 9
observed in frozen meat, Bacteria beIongrng to the
enera Pseudomonas, Achromobacter, Alcaligénes and

lavobacterium were, isolated and dentified among the
e psychrophiles, This is in agreement with the observation
of Frazierdwho has reported that in all refrigerated and
frozen foods the bacteria usually found are the psy-
chrophiles found here. -Slime formation which is charac-
teristic of these bacteria was not observed in any of the
sarpples possrbly because the number of organisms were
no high enough

% Iococcr vvere observed in aII the samples. The
ran e o staph %/ococcr was from 1.2xI02 in'ice cream
to 1x|O4|n rozen fish. Al the staphylococct isolated
were coagulase positive and some of the"isolates haemo-
lysed human red blood cells. . All the staphylococei
ISolated showed pasitive mannitol fermentation. ~ This
15 I agreement With the observations made by Joshi
and Daleld The presence of staphylcoccel always pres-
ents a potential danger of enterotoxin formation,

Table 2 gives the frequency of isolation of staPh lo-
coccl, coliforms, streptococel“and salmonellae._ Staphy-
lococci was the one most freguently fou nd. This Is in
a reement with the findings 0 Georgala and Hurstll

who postulated that staphylococci being gram positive
organrsms are more resistant to freezing temperaures
than the gram negative ones. Escherichia sp. was absent
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Table 2. isolation of various microorganisms from different
FROZEN FOOD SAMPLES
No. of samples in which specific genera were found
Frozen Frozen Polythene Cheese Frozen Ice
fish  meat packed chicken Cream
frozen
meat
Escerichia sp. 2 2 1
Staphylococcus
p. 8 8 8 8 8 10
Streptococcus
sp. 4 2 3 3 2
Salmonellasp. 3 3 1 — -

Total no. of samples examined is 8

in polythene wrapped meat, cheese and ice cream and the
frequency of occurrence in other products was also low.
Salmonefla was absent in cheese and Ice cream, The
frequency of accurrence of salmonella was highest in
frozen fish and frozen meat and in only one sample of
wrapped frozen meat was salmonella found. The pres:
ence "of coliforms, streptococci and salmonellag” and
staphylococcel, indicates poor handling. It would be
necessary to find out at what stage these products ?et
c?ntammated and devise procedurés to prevent the entry
of these microorganisms, o
Conclusions: "As most_of the samples examined did
not conform to specifications for total count and other
counts such as stapﬁllococm, more analyses would have
to be done both at the factory level during various stages
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of processing and at retail outlets to find out where the
contamination sets in. This would help in (a) discover-
ing the sources of contamination and taking steps to
Pre_vent It gb) Knowing the limits set for ‘microbio-
'ﬁgﬁagljesrt%nd rds for the” various frozen foods marketed
In"Nigeria.
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The spores of Minneapolis and 1304 of Clostridium botulinum type E were inoculatedo(afoproximately 1X104 spores) into

fresh Pacific oysters and clams, which were then incubated anaerobically at 13°, 10°, 7

and 2QC. "During incubation the

salt content was reduced, thepH values dropped and the acidity increased. After 90 days of incubation, toxin production was tested
by mwctmgomtraperltoneally into white Swiss Webster mice.” Both strains of Clostridium botulinum type E produced toxin at

13°,10°,

and 4°C but not at 2°C. Similarly, in heat sterilized oysters and clams, toxin was found after 90 days at all

incubation temperatures except 2°C.  The strain Minneapolis was found to be more active in growth as well as In toxin

production than strain 1304,

. Oysters and clams are of extreme economic importance
in the Pacific coast area. They are not as adaptable to
freezm% as other shellfish, so ‘the major part of these
products are marketed fresh or chilled. “Since oysters
and clams, when packaged for marketing, conain con-
siderable numbers of bacteria, including public health
hazard organisms, the maintenance of conditions which
will prevent bacterial increases during transit, distri-
bution and on the retailer’s shelf is a problem of major
Importance. _

Schmictt et ail reported that some strains of Clos-
tridium botulinum type E can form toxin slowly at 3.3°C.
The 193 outbreaks of botulinum food “poisoning
resulting from the mgestmn of type E botulinal toxin in
smoked"whitefish and smoked Whitefish chubs from the
Great Lakes2'34- as well as earlier outbreaks aroused
interest in the incidence of Clostridium botulinum type
E in other marine species such as salmon, tuna, shrim
crab, clams and, oysters. Bott et al5. reported that
Clostridium botulinum tyEe Eis %a%rt of the natural flora
of the fish of the Great’Lakes. Other workers have also
reported a widespread distribution of Clostridium
botulinum type E in both fresh water and marine fish6-.

The newmethods of packing foods, such as the plastic
wrapping materials for food, Which are impermeable to
oxy_%en and vapour, may be conducive to the growth and
toxin production of Clostridium botulinum  type E
Usually, the oysters and clams are marketed i tightl
sealed containgrrs and during lon _storage the entrappe
o%gen may be absorbed and utilized [)(]_the tissues of
oysters and clams, Thus, eventually this provides a
favourable condition for the growth of anaerobic
bacteria like Clostridium botulinum type E Moreover,

a few cases of aerobic, qr agparentlgeaeroblc production
of toxin by, these orqamsm have been reporteds.

Information Is not available as to whether the Clos-
tridium botulinum type E spores can grow and procuce
toxin in contaminated oysters and clams in competifion
with other bacteria present as natural flora, espemal{l]){
at low temperatures, An attempt IS made in the prese
study to determine the growth and toxicogenesis of two
strans of Clostridjum botulinum type E in raw as well as
sterile oysters and clams at low ‘temperatures.

Materials and Methods

Substrate: - The chilled fresh Pacific oysters (Cras-
sostrea gigas) and clams obtained from Meredith Fish
Company, Sacramento, were. used as substrate. Also
Pacific oysters and clams sterilized at 121°C for 15 min
Wwere UsEd as substrate. _ o _

Test or%amsms: The organisms used in this exgeri-
ment wert the strains Minneapolis and 134 of Clos-
tridium  botulinum lglpe E . ,

Preparation of spore suspensions:  The test organisms
were subcultured by inoculating the stock cultare into
10 ml sterilized liver infusion “broth tubes (beef liver
Infusion, 50 per cent; proteose peptone, 1 per cent, and
NaCl, 0.5 per cent%wnh meat particles; and incubating
them at 30°C for 48 hr. The tubes of trypticase (5.0 per
cent), proteose pecptone (0.5 per cent). glucose (0.4 per
cent), Veast extract (L0 per cent), (NHA2504 (1.0 9er
cent) and sodium thioglycollate (0.1 per”cent), ‘pH 7.2
TPGY) broth were_inogulated from these subcultures
nd incubated at 30°C for 24 hr. Using these broth
cultures, the spore suspensions were prepared according
to the biphasic culture technique procedured

*Present address: Department of Bacteriology, University of California, Davis, U.S.A.
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The development of the s ores Was foIIowed usin
Petroff-Hauser countrn ch mber with phase mic os
copX The peak refractile spore count occurred after

4-20 hr of incubation,  Spore sediments were obtarned
by centrifugation at 1,000 xg for 60 min at 4°C, was
twice with Sterile physiological saline and once wrth 65
er cent ethanal.

Dilution and noculation:  With total count of spore
suspension. used as a quige, viable count was mage usrng
serial d|Iut|on metho wrth liver infusion agar plus 0.1
per cent Na C03and 1 rcent sodrumt loglycollate
which  were immediatel |ncu bated  under anaerobrc
conditions at 30°Cfor48 r. Proper dilution of the spore
suspension was made to give 10x104 s ores/ml usin
the viable count as hase” Approximately 080 0
Eysters and clams were put nt screwc bottles.

ach bottle was inoculated with about 1, IO4 Spores
and was covered with sterile mineral oil,

Incubation and measurements: 24 hottles of raw
oysters and raw clams, and 4 hottles of sterile oysters
and sterile clams were incubated at each temperatre of
13, 10°, 7°, 4°and 2°C for 90 days. At the interval of
every lSdags measurements of pH, acidity, salt content
and anaerohic counts were made in duplicate samples,

Measurement of pH: The pH was measured with
thed ilass electrode  (Beckman, Expandomatic SS-2
maode

Medsurement ofper cent acidity; The per cent acrd
expressed as lactic acid was obtained by t|trat|n%
fluid of oysters and clams against 0.IN"sodium hydro-
xide solution.

Measurement of per cent salt content: The per cent
salt content Was obtarned Rytrtratrng Iml ﬂurd of oysters
and clams against 0.171 N silver nitrate solution “usin
drchlorofluorescern 8 an indicator uP to the end point,
when  permanent salmon pink coloured  precipitates

were formed,

Toxrn assay: The fluid of oysters and clams wes
used for toxin assay. Trypsin didestion was carried out
bg/ addrnq stenle Crude ‘commercial t srnﬁ final

ncentration 0 per cent Into sample fluid, an
incubating it at 37°C for 1hr, After this, 0.5 ml
nNhtrons of ﬂurd were injected. Intraperitoneally into

ite Swiss Webster mice, weighing 20-23 ¢, * Also

5 ml of boiled sample was injected into white mice
to serve as a heat-labile toxin control, 0.5 ml of sample
fluid, mixed with 0.1 ml type E antitoxin and held at
room temperature for 30 min, was mHected into whrte
n&;&e} to demonstrate the presence of specific type E

Growth curve: Liver infusion broth (Difco) Ius
01 Eer cent sodium thi (og %Ilate Was used The o

nSity was, measure B and L Spectro |c 20
spectrocolonmeter at 520 nm.
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Results and Discussion

One of the thysrologrcal features of Clostridium
botulinum |st e ability to %row at low tempera-
tures. Sch |te all. reported that mildly heat-shocked
spores of four strains of Clostridium hotulinum type E
germinated and produced toxin in heat-sterilized " beef
Stew substrate within 30-45 days of the incubation at
3.3°C but not at 1 and 2°C. Fig 1 shows the growth
curves of two strains of Clostridium botulinum type E
under anaerobic conditions  (nitrogen gas) at various
temperatures, At 13° and 10°C “strain “Minneapolis
showed maximum growth a little earlier than strain

while at 7°C maximum growth of strain Minnea-
polrs occurred several days edrlier than that of strain

1304, At 4°C hoth strains generally showed the same
attern of grovvth but the maximurh growth was mar-
eally delayed. No growth was observed at 2°C even
after 60 0ays of inculbation.

Table 1shows the data on the qualrty of the fresh
Pacific oysters and clams.  There_were”differences In
salt content of both species.  The microbiological
analysis showed  that they carry both psychrophilic as
well“as anaerobic bacteria amdng_ their natural mico-
bial flora. The clams seemed quite fresh, but the oysters
might_have been a few days old as the acidity found
was slightly higher than normal,

Changes in pH ETabIe 2) and acidity ﬁTabIe 3) were
observed during incubation. The pH Values decreased
in Pacrfrc ogsters and clams at aII low temperatures, even
under anaérobic conditionsI-1L ~ As the incubation
temperature decreased from 13° to 2C the rate of

H drop also decreased, At 13° and 10°C, on an
average, the same rate of pH drop was observed, but
it was quite rapid as compared to the other Iow |ncu

batron te feratures H rop Was ernrtear
slow. At 13’ and 10°C the Iowest pH vaIues oceurre
Table 1. quality of fresh pacific oysters and clams
Veterial
Pacific oysters  Clams
Total count per mlon G.T.Y. at 30°C
for 48 hr. 40x1CG4  14x 14
Psychroghrlrc count per ml on G.T.Y.
at 2°C for 15 days 8.0x105  8.5x10»
Anaerobic count per ml on liver infu-
sion+ 01% sodium thioglycollate at
30°C for 48 hr. 10x 1G4 82x 1C4
pH 5.75 6.30
% acidity (expressed as lactic acid) 0.72 0.34
% salt content 10 24
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Table 2. changes in pH IN FRESH PACIFIC OYSTERS AND CLAMS INOCULATED WITH SPORE SUSPENSION OF CLOSTRIDIUM BOTULINUM
TYPE E, AT LOW TEMPERATURES

Pacific Qysters at °C Clams at °C
Type of strain No. of days 13 10 7 4 2 13 10 7 4 2
Minneapolis 0 5.75 5.75 5.75 5.75 5.75 6.30 6.30 6.30 6.30 6.30

30 425 433 475 480 570 490 535 532 550 575
60 450 500 445 461 460 520 480 490 498 540
90 500 520 490 420 412 540 531 561 475 480

1304 0 575 875 575 57 575 630 630 630 630 630
30 440 450 460 510 530 500 500 520 542  6.00
60 445 515 445 460 485 480 480 490 515 520
90 525 525 490 410 410 520 535 529 480 491

Table 3. changesin % acidity (expressed as lactic acid) in fresh pacific oysters and clams inoculated with spore suspension
OF CLOSTRIDIUM BOTULINUM TYPE E, AT LOW TEMPERATURES

Pacific Oysters at °C Clams at OC
Type of strain No. of days 13 10 7 4 2 13 10 7 4 2
Minneapolis 0 0.72 0.72 0.72 0.72 0.72 0.34 0.34 0.34 0.34 0.34

30 374 344 241 2.09 153 324 234 240 211 1.89
60 342 295 279 252 257 261 306 292 259 239
90 239 266 218 317 328 225 238 198 275 266

1304 0 072 072 072 072 072 034 034 034 034 034
30 383 373 292 239 104 28 28 248 1.96 1.35
60 380 241 367 292 281 315 283 299 232 245
90 241 232 310 317 328 257 238 234 297 2.92

Table 4. changes in % SALT CONTENT IN FRESH PACIFIC, OYSTERS AND CLAMS INOCULATED WITH SPORE SUSPENSION OF CLOSTRIDIUM
BOTULINUM TYPE E, AT LOW TEMPERATURES

Pacific Oysters at °C Clams at °C
Type of strain No. of days 13 10 7 4 2 13 10 7 4 2
Minneapolis 0 100 100 1200 100 100 240 240 240 240 240

30 065 058 065 065 0.5 1.55 1.65 165 175 1.85
60 065 065 070 070 065 145 1.55 160 165 175
90 060 065 070 075 075 170 170 170 160 1.55

1304 0 100 100 100 100 100 240 240 240 240 240
30 070 070 065 065 065 165 165 L70  L70  1.90
60 065 065 070 070 065 140 160 160 160 165
90 070 070 060 060 075 160 L70 155 148 160
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after 30 days incubation, and at 7°C the lowest pH
values occurred after 60 days incubation, But the lowest
pH values at 4° and 2°C Were during the last stage of
Incubation.
Thus, lowering of pH occurred more at 2° than at
which might be due to the presence of natural
microbial flora”such asPsgudomonas, Mrcrococcus
Proteus andl coliform groups in shellfish. ~Wilson and
McClesky2 found that coliform organism readgy
deveIo e when shucked oysters were stored at 3°-4°
Initial ry the mcrease was Slow, but_enormous numbers
were encountered after 4 weeks. It is suggested that the
bacterial cause of drop in pH values at oW temperatures
as Well as under anaerobic conditions might be due to
the activities of these organisms. Conversely, mcreases in
acidity occurred along wrth decreases in pH values. The
acids are formed from the breakdown of glyc%% en known
to be distributed throughout the oysters.” This break-
own IS presumed to_ b8 due to bacterral action and/or
gyFo ytrc enzymes within the oyster tissuel3
e sa content was also reduced durmg mcubatron
At all temperatures shag reduction |n salt
ontent was observed n the first fi endays Incubation
eriod, but from then on it reduced slowly. The reduc-
ion I salt content presumbly may be due to binging
of salt within the muscles. of oysters and clams, thus
leaving Jess salt content in fluid which was usually tested
after Stirring, 1t may also be dug to a squht dilytion
effect by the'inoculum. These results are similar to those
which are usually observed in sauerkrait fermentation,
where salt is important for firmness of the roduct
The anaerobic. count increased from 1
within 15 days of incubation at 13° and 10°C utfrom
then on it progressively decreased At 7°C the highest
anaerohic count was ‘observed d unn% das of
incubation (108ml), but at 4° and 2°C the h |g hest
anaerobic count was found after 45 days. During the
last stage of Incubation, the anaerobic count was |ow at
and 7°C (105-106ml) as compared to 4° an
2°C (107-108ml In” oysters arld 106-107 in cIamsgbuta
definite drop was observed at all temperatures. Similar
resuIts for plate counts and coliform’ MPN were noted
y Hoff et aP°. In Pacrtrc and Qlympia shucked oysters
stored in jce and at 3° a
Schmidt! and other. wor kers38 have stressed the im-
ortance of Clostridium botulinym type E as being
Olerant to such unfavorable environmental conditions
as low temperature low pH, and high salt or sugar
content. I 'this experiment the initial Hofo sters and
clams was favourable, for the growth of Clostridium
botulinum type E strains. Moreover the saIt content
of both the’ species. was too low to inhibit or delay the
outgrowth and toxin_ production by inoculated spores
of Clostridium botulinum type E” The fermentable

2
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carpohydrate is present in sufficient amount in oysters
and clams, particularly oysters, which contain “large
amounts of glycogen,” which hel ps in ?ermmatron
growth and toxin production by type E spores

To identify the productionof type E toxin, mice
were myected Intra- errtoneaIIy as descnbed earlier,
and te find ms reg]ar Ing te roduction of toxin
Wwere observed eans”of the death or survival
of mice. At all mcubatron temperatures except at 2°C,
spores of Clostridium hotulinum type E rtgermmated
?rew and produced toxin in competition with the natural

occurrrng microbial population, as revealed by the

eath of mice.

The death of mice occurred usuall ny within 2-6 hr
|n |cat|n heavy production of toxiri by Clostridium
botul |num type E. This suggests that productron of toxin

might have occurred even prror fo completion of the 90
days” incubation period, Srmrlar findings were. also
observed regarding toxin production by Clostridium
botulinum type E; In heat-sterilized Pacific oysters and
clams, 1€, In a non-competitive environment, at the
same. incubation temperatures
This presents the threat of type E botulism from a
ublic health point of view. Many workers have reported
he presence of Clostridium botulinum type E in shellfish.
Als0, chances of mrshandlmg of shellfish during trans-
ortation as well as by retailers and consumérs, are
er resent Thus, shellfish harbounnci type E spores
become a cause of type E botulism If kept at

temperatures only a little higher than refrigeration for a
comparatively long period.

References

1 Schmidt, C. F., Lechowich, R. V. and Felinazzo, J. F., J. Fd
Sci., 1961, 26, 626.

2. Anon., Fd Technol, Champaign, 1964, 18, 71,

3. Miller, L. G., Can. J. Microbiol., 1975, 21, 920.

4, Osheroff, B. J., SIocum G. G. and Decker, W. M., Public
Health Rep. (U.S.) 1964, 79, 87L.

5 Bott, T. L, Deffner J. S., McCoy, E. M. and Foster, E. M.,
J. Bacterrol 1966 91, 919,

6 Craig, J. M. Hayes S., and Pilcher, K. S., Appi. Microbiol.,
1968, 1s, 553,

1. Nrckerson J. T. R., Silverman, G. J,, Solber% M., Duncan,
ES W. and Joselow, M. M., J. Milk Fd Technol., 1962, 25

8 Lewis, K. H. and Cassel, K. Jr. (ed), Botulism: Proceedings
ofasymposwm U.S, Public Health Service Publication NO.
999, FP-1, Cincinnati, Ohio, 1964.

9. Bruch, M. K., Bohrer, C. W. and Denny, C. B, J. Fd Sci,,
1968 33, 108,

10. Hoff, J. C., Beck, W. J., Erickson, T. H., Vasconcelos, G. J.
and Presnell, M. W., J. Fd Sci., 1967, 32, 125,

11, Piskur, F. T., Comm. Fish Rev., 1947, 9(6), 22.

12 Wilson, T. E. and McCleskey, C. S., Fd Res., 1951, 16, 377.

13. Humphry, G. F., Austr. J. exp. Biol. Med. Sci., 1950, 28, 151,

viaaiHJ«) Trrinyiflifniif[TUTfm



Microbial Flora of Dehydro-irradiated Shrimps

V. Venugopal and N. F. Lewis

Biochemistry and Food Technology Division, Bhabha

Atomic Research Centre, Trombay, Bombay-400 085

Manuscript Received: 24 July 1978

Fresh shrimp was dipped in sorbic acid, blanched and dehydrated to 40% moisture, before subjectr
After irradiation the total bacterial count was reduced from 11x105 to 1.4x102 cells/g an

to irradiation at 250 Krad.
the total anaerobic count

¢

from 9.5x 104 to 1.3x103 cells,g. In irradiated shrimp Bacillus sp predominated followed by Micrococcus sp.

Combination treatments of heat and gamma radi-
ation have been rep orted to stabrlrze shrimps for ambrent
temperature stora e. Th e |nte rated roeesses invol ve a

f peeled and Geveined shrimps in 0.5 per cent sorbic
acrd for 60 min, blanching in 10 per cent NaCl solution
at 80°C for b min dehg ration 10 40 per cent moisture
and |rrad|at|on at 0.25 Mradl _ The treated shrimp
containing 25 mg per cent sorbic agid and 3.25 ¢ per cent
of NaCl have héen found to remain free from mold and
bacterial spoilage for 4 months at room temperature
25-28°C)." The product possessed hetter organoleptic
roperties and higher. rehydration capacity” in com-
parison to commercially” available “diied shrimps.
AIthough detailed studies have been made in our labo-
rafory On the storage stabrlrt)(]and packa Ing aspects!,
|nformat|on |s Iac the mrcrobra ora of the
product. gresen commuynication reports on the
mrcrobral rof|I In shrimp before and after processing,

Fresh sh nmp (Penaeus mdrensl) Burchased from alocal
market were brought to the [aboratory in ice. The
shrimps were washied In running. fap “water, peeled,
deveined and again washed thoroughly in Potable water
Shnm s vvere d| ped In sorbic acid “solution, blanched

and d e n¥ drated o 40 per cent moisture, level in a labo-
ratory 0del air-glrier at 55°C. The details of the process
have "heen escnbed earlrer3 T etreated shnmps Viere

gacked In polycell bags (325 g low density polyethylene
00 MST cellophane), sealed d irradiatéd at 250 rad
g a 0Co Package rradjator (Atomic ner%
Can da Ltd.) at a dose rate of ap Er xrmate 200 ra
hr.. For total bacterial .counts Og Processed
shrimp vvere blended with 90 ml Sterile 02 per cent

pe tone |fco{ Total counts were determined by the
our fae me o usrnld8 nutrignt agar Drfco) after
|ncu tion at 28°C hr. For pirpose of (dentifi-

cation of the bacterial flora, about 50 per cent of the
colonies on the plates were selected. The method used
for characterisation of the different isolates was based
on procedures reported by Shewan et al4, and
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Masurovsky et aI5 Standard  mediab were used for
assessment indole O}oroduetron nitrate reductron
gelatin |quefact|on an Sugar ermentatron Cata ase
activity wes tested b g flooding each colony with a 3 Pe
cent squtron of hydrogen peroxrde and observrng
evolution of 0 g
Table | presents the microbjal spectra of the processed
shrimp before and after irragliation. The initial aerobic
vighle count of the unirradiated sample was 11 x 105
ceIIs/(r; After exposure to (.25 Mrad, the total count
was reduced b aploroxrmaterB %cycles to give a
value of L4 x 102cells/g. The irradiation treatment also
reduced the total _anderobic count from 95x 104 to
X103 cells/g.  The irradiated samples were found to
be free from molds, Staphylococci and Enterobacteria,
Qfthe organisms isolated” from Unirradliated processed
shrimps, 96"per cent were catalase positive, and 22 per

Table 1. effect rocessing treatments on the composi-
OF THE MICROBIAL FLORA OF DEHYDRO-IRRADIATED

SHRIMP

tion

Processed shrimp

Microbial groups before after
irradiation irradiation
Micrococcus 36
Staph) lococcus 20 nil
Bacillus 2 42
Aeromonas 6 nil
Coryneforms 2 12
Unidentified 2 10
Total isolates 49 5
Aerobic count/g 1.Ix105  1.4x102
Anaerobic count/g 95x104  1.3x 103
Mold count/g 9.0x10! nil

The numerical values assroned to microbial qroups are expressed
on a percentage basis, calculated from the total number of isolates
of respective samples.
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cent were capable of liquefying gelatin. It was observed attriputed to chemiga!:tchanges rather than microbial
uct,

that the processing of shrirrip prior to irradiation resulted  spoilage of the pro
in almast compléte elimination of gram:-negative. bac-
teria which are known to be active spailers in fishery  References

Products. Of the gram-posilive flora, Micrococcus WaS 1. Gore, M. S, Sawant, P. L., Kumta, U. S., and Sreenivasan,

ound to be the Tnost ﬁr_edommant roup present in A., Fd Technol,, Champaign, 1970, 24, 1163
rocessed unirradiated shrimp. Other Dacteria included 2. Ghadi, . v., Gore, M. S., and Kumta, U. S., Lebensm-Wisu-
acillus sp. and Coryneforms, Irradiation of the pro- TechnoL, 1974, 7, 229,

cessed shrimp resulted ina shift in the microbial pattern. 3. Mavinkurve, S. S, Gangal, S, V., Sawant, P. L., and Kumta,

It wes found that in irradiated shrimp, Bacillus sp. U. S, ). FdSci., 1967, 32, T1L

predominated, followed by Micrococcls sp.  These 4. Shewan, J. M., Hobbs, G., and Hodgkiiss, W., J. appl.

results are in agreement with earlier reports39. Also Bacterioi, 1960, 23, 463
Micrococcus ang

major suvivors in Bombay duck and hacdock fillets35. Microbiol,, 1963, 11, 229.

Bacillus have been rep rted to be the 5 MasurovokP/, E. B., Voss, J. S., and Goldblith, S. A., Appl.

Sirice Micrococeus, sp. are not respon3|b|e for putre- 6 Manual of Microbiological Methods Society of American

faction of sea-foods, the spoilage of the dehydra-irra- Bacteriologists, McGraw-Hill Book Co. Inc. 1957-

diated shrimp could occur when'spores of the predomi- 7. Lewis, N, F., Alur, M.D., and Kumta, U.S., Indian J. exp.

nant Bacillus germinate and outﬁrow in the product. It Biol, 1971, 9, %5
was however, Qbserved that Baci

us Spores |So|ated from 8 Lewis, N. F., Alur, M.D., Nadkarni, A. R., Gaonkar, S.

G,

semi-ried sfrimps i ot germinete n e presece of Dt ot Fosd TAEA. Vi, 13z eton

glucose or _L-alanine indicating their cryptodormant
characterd. Therefore, the limiting factor In determining
the shelf-life of dehydro-irradidted shrimp could ©e held at BARC, Bombay, Nov. 22-24, 1971, 143

Studies on Biochemistry of Higher Fungi. 1I.. Submerged
Growth of A Few ‘Mushrooms in Synthetic Media
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Three wild mushroom strains, T. clypeatus, P. papillionaceus and G chrysimyces grow well in defined media containin(r] carbohy-
drate and smgle mineral salts. Their growth is not well supported by glucose but hightly stimulated by glucose polysacchari-
des. NH4H2PO4 and urea as nitrogen sources surEport growth well in gresence of polysaccharide. TheP/ have at least two C/N
ratios for optimal growth, one bem(}; common at 5 and others at 10, 15 and 26 respectively. Trace elements have effect not
only on the growths but also on the flavour and Plgmentatlon of the broths. The pH optima are 2.5, 2.5 and 5.0 respectively and
showed acid reaction througbhout the course of fermentation. Their protein content ranged from 27.23 to 31.76, fat, 1.0 to 5.15:
carbohydrate, 34.7 to 52; fibre, 10.5 to 24.25 and ash, 0.5 to 5% (dry weight basis).

9. Nadkarni, A. R., and Kumta, U.S., In 'Cellular Processes
in Growth, Development and Differentiation’, Proc. Symp.

_ _S_ubmerged ggogar%ation of mushroom mycelium was  nutritional recbuirements,g %rowth LPattems and bio-

initially developed for the steady production of edible chemical changes taking place d

ring,. fermentation,

mushrooms for human consumption.  But during the  of mushrooms™ particularly in fully d&fined media Is

last twenty years, several industrigl and medical applj- rather meagre. =~ . _
catiops of the mushroom fermentation have been investi- -~ This ager_ describes some hbiochemical studies

on

gated viz. production . of enzymes,t? carcinostatic the fermentation of a few mushroom strains, collected

polysaccharides3 antibioticsd, nucleoticess, p
cologically important compoundsb, etc. Although from  media,
time™to time it has_ been reportedr9 about the sub- :
mer%ed cultivation of various mushrooms studies were  Materials and Methods
mal

harma- from Indian soil and grown in” completely  cefined

ly concentrated,on the production of mycelial bodies. ~ Mushrooms:  Strains were isolated from the inner

Knowledge regarding biochemical studiies on their - part of young fruit bodies of mushrooms collected from
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the Jocal fields. The fruit bodies were identified as the
strains of Termitomyces clypeatus (Heim) Panafolus
papillionaceus_(Bull. “ex. Ff.) Quel and "Gymnopilus
chrysimyces (Berk).
hemiicals:” For synthetic and semisynthetic media

analytical grade chemicals were used. ~ Straw Irgnrn]O
was “prepared from washed straw by extraction with 1
per cent NaOH for 2 hr at 95°, followed by precipitation
with acid, washing with water and finally boiling with
2 per cent HCL for_ hydrolysis of contaminated! ceflulose
or hemicellulose. Thé product is finally washed and dried
under vacuum. Malt extract was™ purchased from
Oxoid Laboratory, England, and potato extract was
repared in the laboratdry from fresh potato by extrac-

Ing fresh peeled potato with boiling water for' 45 min
an frltenndthe extract. For the studies of micronutrient
requirements, special precaytions were yndertaken to
av Id aII chances of metal contamrnatron Hrthy
Cleaned cornrng %ass wares and triple c{;l ass distilled
water were used { rou%hout this investigation.

In|t|aI propa ation InComplex medium ;™ Fresh fruiting

o |es of mushrooms, after collection from fields, wers
|rg htly washed wrth absolute alcohol and small pieces

from t e Inner bodly were cut aseptically and inoculated
on solid agar medidm (15 ml/250 ml conical flask The
complex edia used contain (wiv per 100 ml): gucose

o; malt extract, 1 8potatoe xtract, 10; CaCl.,"? 2?
0.037: KH2P04 0.087; MgS04 THD, 0.025; MnCI2,
4H20, 0,0036; l\laM0044 2. 00032 ZnS04, 7THX),

3;, pH, b0; agar, 25 Temperafure was' aways
mairtained Detyeey 26° and G, Nieelia glro h
was observed after 40 48 hr and rap|d filament eonﬁ
tion continued upto -8 days. The strains were further
purified by subculturing from the tips on the same megia
contarnrrrrﬁ; stregtom cin (30 g/ml and_ mycobacillin

p broad spectrum antibacterial and
ant| U r[%;al antrbrotrcs Strains were maintained in the
same medium,

For submerged propagation, mycelial growth from
each, flask was totally’ transferred to the”same Irdurd
medium g100 mI/500 ml flask) and put on a rofa
shaker 350 rpm and throw f35 m) for 15 days.

cera asa Jneare after 2-3 days of Inoculation
an fruity fIavou charactenstrc of mushroom growth
appeared after 70 8 Typical myshroom niycelial
morp ho 0gy was also checked time to time under micro-
sc e neach ex enment ?rowth always in triplicate,

measured 1o days after fnogulation.

Nutnent studres The mycelial pellets after 15 days
of sub mere rovvt were washeql free of broth and
suspen ed In 100 ml sterile water In a \Naring blender
an cut into_ small (preces All the operations \ere done
under aseptic condition. This suspension (2 ml) was
used as |noculum per 100 ml of liquid media,
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* For investigations on their nutritional reguirements
the basal media were derived from the complex medium
used for inital propagation of mushrooms, Carbon
source glucose, was sefially replaced by dextnn solupy e
starch, “amylum, Tignind0"and soluble caroxy met¥S
cellulose. Potato and malt extract, the,onl |ngred|en
providing various nrtro en sources. in the “complex
medium " were rep aced fyvanous |norgan|c nrtrogen
sources. After se ectron of proper carbor and nrtro%en
sources of the meglia, concentrations of both th
sou\rnctes were varied to obtan C/N ratio for hest
N In the complex medium, different micronutrients, as
reported by various workers]1' 12, required for mushroom
growth, wére inclucled mrtrallp and then selections were
madeb omrttrn them serially from the medlia contarn
|Mg s ecte carbon, nitrogen sources and KHZP

S04 andl the resulting effect of omissions on the
grovvth were studlied.

The mycelial baIIs after 15 days of growth, were
|tere . washedh and weighed after dehydration at

for 48 hr,

O trmum pH, rovvth curve and biochemical analysis
of m ce |aI 0ro Rtrmum initial pH for growth

and grovvt cun/es for the mushrooms were, determined
bythe usual methods. Mycelial bodies at therrmaxrmum
growths were assayed for protein by Micro- tJeldahl
method and fibrel3 fat13 ash13 carbohydrateXd by
standard methods.

Results

Influence of various carbon and nitrogen sources:  The
original complex medium, contarnrnﬁ various complex
ingredients and gilucose wes Initially altered by the
replacement of dlucose with various™ polysaccharides.
|t appears from™Table 1 that polysaccharides excel-
lently stimulate their growth compared to glucose.
Thus dextrin and solublé starch are excellent substitutes
for glucose. In the media, at present the nitrogen nutri-

TABLE 1. EFFECT OF SUBSTITUTION OF GLUCCSE BY VARIOUS,
CARBON SOURCES

CarbohWrate Av dry wt of mycelium (g/100 ml)
(@% W o .
T. clypeatus P. papillionaceus G. chrysimyces
Glucose 0.063 0.115 0100
Dextrin L1779 0.456 0.880
Soluble starch 1613 1.167 1407
Carboxymethyl
cellulose 0.095 0.093 0.055

Straw lignin 0.213 0.333 0200
Amylum 0.505 0.323 0.981
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ams./100 ml

0.2

Percentage (W/V) of nitrogen
Fig. 1 Mycelial yields under various nitrogen concentrations:
0-0-0, P. paprllronaaceus A'A"A’ T clypeatns; and
G. chrpsimpees.

ents were provrded b maIt and potato extract which
were subsequently replaced b yvanous sim emordanrc
nrtrogenous comgounds Including urea. 1T 1S seen Trom
Tablé2, that among the various nrtro en sources tested
(at the’ same nrtro en content) N +H:P0, supports
growth better for Zeatus and P. apillionaceus
While G. chrysimyces utilisés urea. With the replacement
of malt extract ‘and potato extract by only inorganic
nitrogen salts, growth was slightly d|m|n|shed for two
strains but it was increased for agr lionaceus.
Mycelial yields with variation” 0f nitrogen, carbon
concentrations, and C/N ratios;_ With the ‘Selection of
carbon and nitrogen sources (Table 1and 2), in.com-
parison to glucose and complex nrtrogens their optrmum
concentrations were determined by growing them at
various nitrogen concentrations at a Ixed carbon con-
centration (5er cent wiv) and then varying the carbon
concentrations at the best nitrogen concentrations as
observed In the previous experiment.  Results are
presented in Fig. Land 2. It is clear from Fig. L that
yields of m ceIra with the variation in nitrogen concent
ration N +H:P0. for both. T. clypeatus Rrv apilli |ona
CeUS an urea for G chrysrmyce exhibit ]peas
which are very similar for G chrysimyces and
peatus; but for'P. papillionaceus, frrst peak 15 less marked

04 .

4.0 T T
= L
(@]
© 20
@
1S L
o)}
]
0 4 8 12

Percentage (W/V) of carbohydrate
F.g. 2. Mycelial yields under various carbohydrate concentrations;
0-0-0. T. clypeatus; A “A _A"' p-papillionaceus and
I G- chystmyces.

239

gms./100 ml.

10 20

CIN ratio
Fig. 3. Mycelilal yields at various C/IN ratios.

40

A-A-A. G.chrysimyces; 0-0-0, T. clypratus.
[ P- paprIIronaceus

and occur at very low nitrogen concentration. On the
basis of yields, nitrogen concentration corres ondmd
to second peak was cosidered to be optimal. The effec
of variation of carbon_ concentration, (soluble starch
for P. pa illionaceus, G. chrysimyces and dextrin_ for
T. clypeatus) at these optimal nj rogen concentrations,
on the ro s are presented In Fig. 2. The best carbon
concentration either as dextrin or"as soluble starch are
found to be 5,9 and 10 per cent (wiv )[respectrvely for
G._chrysimyoes, P. papillionaceus and T. clypeatus
These variations 0f carbon and nrtrogen concentra-
tigns in the synthetic medium and therr resu lting effects
of growth also %rves a series of C va ues and"corres-
onding growths. This is presented In Fig
Mrcronutnent make up in relation to grovvth igmen-
tation and flavour production: It has"been ohserved
that during the last phase of mushroom fermentation in
complex rhedium, there is always production of Sweet

6.0
20 150
E
o q 40z
o .
<10 c
51 30E
g )
2.0
o 1 1
4.0 6.0 80
Initial pH
Fig. 4. The influence of initial pH on the mycelial yield of
T. clypeatus, final pH; 0-0-0, mycelial dry weight.
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Table 2. effect of various nitrogen sources in the synthetic media

Organism C.5 g/our\c/\?s /a\t/ Av. dry mycelial wt. (g/100 ml) for the N sources
e aB02 s wnaaes NHAL
0.3% 0.5% 0.73% 0.9% 022% 0.4%
(W) (WIV) (WIV) (WIV) (W) (W)
T. clypeatus Dextrin 0917 1.507 0.748 1.687 0.050 0.334
P. papillionaceus Soluble starch 1.448 0.173 0,109 1537 0.362 o101l
G. chrysimyces » 0.922 0.203 0.185 0.231 0.959 0.308

Glucose, potato and malt extracts are omitted from the culture medium.

fruity smell which_is not always obtained in synthetic
media.  Micronutrient compositions of synthetic media
have marked effect on the production of fruity flavour.
Thus, omission of Zn++ or all micronutrierits causes
flavour production during the growth of T, clcyjpeatus.
Flavour production was observed always for G. chry-
simyces but not at all for P. papillionaceus against any
micronutrient make up of the synthetic media.  Pig-
mentation of the broth were reddish for T.clypeattss
straw Vellow (reddish when none were_ omitted) _for
P papillignaceus and pink for G. chrysimyces. "~ The
colour of the broths does not markedly gef altered by
different micronutrient compositions of the media. The
effect of micronutrients on the mycelial yields are as fol-
lows (Table 3): (/) Omission of Cu++ is beneficial for the
ﬂgo hof T. clypeatus but other ions lower growth in

e decreasing grder as Zn++>, Mo++>Ca++> horic
acid>Fe++.” (i) Omission of all the ions were bene-
ficial for the grovvth of P. gapllllonac_eus and their sti-
nulation response. upon growth are in the decreasing
order as boric acid> Cat+> Fet+> Mo++>Cu++>
Mn++>Zn++, (in) Omissign of Mo+t is beneficial
for the growth of 'G. chrysimyces but of other ions
lower growth in the decreasing order as Cu++> boric
acid>Zn++> Fer+>Mn++> Catt,

Table 3 effect of omissions of micronutrients

Micronutrients T clypeatus P. papillionaceus G. chrysimyces
omitted dry wt. dry wt. dry wt.
(g/00ml) (g/100ml) (gA00ml)
Boric acid 2,774 2.779 0514
CuS04, 5H20 3.344 2.384 0.336
FeS04, TH20 2.904 2412 0.609
MnCI2, 4H20 2.626 2.144 0.690
MaMo04) 4H20 2425 2426 0.882
ZnS04, TH 2.148 2112 0.582
CaCl2, 2H20 2433 2.712 0811
None 3013 1.408 0.812
Al 0910 2.958 0414

Mycelial yields at various, initial pH values: The
growth of mushrooms at various initial pH values and
corresponding changes in final pH values of the fer-
mented broths are_P_resented InFg4bands. T cly-
peatus and P. papillionaceus are Very similar in their
behaviour, both ha\_/ln_? pH optima 2.5 and their buff-
ring capacity are simifar with respect to variation of
inifial pH of the medium, But G. _chrysmyces has pH
optima at 5.0 and buffenn? capacity 1s also different.

he buffering capacities of T. clypeatus and P. papi-
llionaceus are” precominant at lower OpH values upto
and less marked at higher values. On the other hand
G. chrysimyces was found to, have fower capacity at
low P valUes but higher in higher pH range.

Growth curves and"variationof pH of tfie fermented
broth:  Growth curves of these. mushrooms, deter-
mined in the best selected synthetlc media and at opti-
mal pH, are_glven in Fig. 78 and 9. In formulation
of these media, concentrations, correspondm(ll to higher
CIN ratios were taken, The highest mycelial yields per
100 Ml and corres ond|n(T1 days required to attain, were
for T. clypeatus, P. papillionaceus and G. chrysimyces'
|
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O I\
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»
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Final pH

ams./100 mi.

2.0

o) 1L |
4.0 6.0
[nitial pH
Fig. 5. The influence of initial pH on the mycelial yield of P.
papillionaceus final pH; 0- 0-0-, mycelial dry weight.
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Table 4. analyses of the dry mycelia (h per 100 g mycelia)
Organism N Protein Carbohy- Fat (ether Fibre Ash
(Nx6.25) date* extract)
T. clypeafus 5.08 3176 52.0 10 105 2.1
P. papillionaceus 4.804 30.02 a7 123 24.15 50
G. chrysimyces 4.356 21,23 49,2 515 24.25 0.5
Average of triplicate analysis.
*glucose equivalent.
T T
40 125
210 § -
£
g o) ld
(@]
z - 20 2.0 %
)] ] |
EO.5 £ :
)] ) G
O | 1
I | ‘ 10 20
Initial pH

Fig. 6 The influence of initial pH on the mi_YceIiaI yield of
G. chrysimsces. # -# -# | final pH;
0-0-0, mycelial dry weight.

2.8 in 18 days; 44 ¢ in 14 days and 18 g in 10 days
respectively. The changes in pH values of the medja dur-
|n%_the fermentation are also represented in the figures,

lochemical analyses of mycelial bodies; ~ The analyses
of dried mycelial "bodies & their growth maxima”are

4.0

2.0

Mie 70N

.gms./100 ml

0

L L

1O 20
Days

Fig. 7. Growth curve for T. clypeatus and the pH variation during

fermentation, 0 -0 -0 ,-mycelial dry weight; ¢ -+ -+ -pH value.

Fig. 8 Grow.h curve for P. papilhnaceus and the pH variation
during fermentation, 0-0-0,-m)(cellal dry weight;
* -+ -0 -pH value.

%iven in Table 4. Their protein contents are very similar,
ut differ in carbohydrate, fat, fibre and ash contents.

Discussion _

The_discussion, aimed at the studies of some chara-
cteristic features of mushroom fermentation in synthe-
tic medium, reveals many interesting phenomena

2.0 6.0

B 5.0
: T
° 1.0 4.0 3
. i
£ 3.0

1 1

& 10 20
Days

Fig. 9. Growth curve for G. chrysimyces and the pH variation
during fermentation, 0-0-0, mrcellal dry weight;
§ -o-o pHvalue,
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associated with propagation of three mushrooms;
T. clypeatus, G. chrysimyces and P. papillionaceus.
Thus "It aﬁpears that” substrtution of dlucose by its
polymer like dextrin, soluble starch at the same ‘con-
coricentrations, In common, stimulates growth, It is
10 times for G. chrysimyces, 14 times for'P. papilliona-
ceus and 28 times for T. clypeatus. It is also Interesting
to note that lignin has also some growth supporting
activities while” glucose is a poor qrovvth supporter.
This type of unfavourable effect of glucose on grovvth
has not been found for A. bisporus, & much well Studied
mushroomIa 1t 15 also observed that for T. clypeatus
and P. papillionaceus malt extract and potato extract
of the complex media may successfull reg |aced
by NH.H.PO., but for G chrysimyes ured does not
apﬁgear t0 be equivalent substitute (Table 1&2)
he importance of CIN, ratio for mushroom growth S
has been explained by various workersi-17. But'in the
present investigation, it has mterestrnle been observed
of the occurrerice of at least two C/N Fatios In synthetic
media at which favourable growth is attained. One
being common at 5and others are at 10, 15 and 26 res-
Pectrvely for T. clypeatus, G. chrysimyces and P paprl
onaceus Inspite of the variation of higher values
OIgrovrth attained at these val ues are a'pproxr
mateI uble to those at lower values. Thus |t
appears that there might be some difference in the
mtcre en metabolism of mushroom compared to other
|

All the mushrooms under investigation have ve Iow
alttl 8pt|ma and always show acid reaction during ferme

on

It has also been observeg that micronutrient compo-
sitions of the synthetic media_not only affect the growth
but also flavour ~production.
reported the importance of Cat+ concentration. of the

synthetic medium for the productron of flavour in pro-
ﬁyagatron of V. volvaceal8 It has further been noticed

ere that mrcronutnents used in thrs investigation are
not at all requrre for the %rovvt of P. ?J?tl |onaceus
and addition of any of the ions was found unfavourable
to Its growth in the concentratrons tested.  But for all
testrarns the pure mushroom flavour could pot be
achieved n synt etic media other than a frurty flavour
which was also been reported by other workers4,

Thus the present |nvest|%at|on hr%hl Tghts some of the
characteristic features of mushropm férmentation_and
also suggestls the following synthetic media (composition
N 0/200 Ml OT medium);

Clypeatus:
acrd0057 KHP040.087: MS04 7H20005 eS04,
2:0025; MnCI2, 4H2-0.0036; NaMo 1 H0-
OﬂOSg ZnS04, " THX-0.03; CaCl2 2H200037,

have alreagy

Dextrin- 10 NH4HM¢2463 borIC15

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 15, NOVEMBER--DECEMBER 1978

papillionaceus: SqubIe starch -9; NH4HZPO¢
2463 K P040.087: MgSo4, 7|-|20 0.05; Zn
gy7srmyces Soluble starc UreaO 14: H2

040 % 20-0.0039;
FeS04, THX) 025 MICI2 200 6 Znsozt
7H20003 CaCl2.2H2 00037 boric  acid-0.057,
pH-5
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AttemF_ts were made to_improve the x?/Ia.n degrading ability of S. fradiae SCF-5_hy induced mutation with ultra-

violet light. Variants having nearly two-fo

d increase in xylanase activity were isolated. The variation a

preared to be not

onl wit% resFect to the increased level of xylanase activity, but also in the types of xylanases Froduced in Phe variants. Hiqh

xylanase yie :
cell bound glucose-isomerase.

Glucose-isomerase used in the preparation of high
fructose syrups is known to be produced by many
microorganisms as an adaptive enzyme in presence of
xylose i1 the mediumL In "very few cases as far as we
know, it has been reported that streptomyces strains
possessed both glucose-isomerase and xylan degrading
enzymes by virtue of which they could be cultivated on
natUral xylan substrates2-3 e have screened, unsuc-
cessfully, ‘a number of streptomyces for the presence of
hoth xylan degradin enz¥me and glucose-isomerase in
the sarhe cultured. One of the go_tent glycose-isomerase
Producers viz. S. fradiae SCF-5 isolated earlier in this
aboratory5, on examination, revealed the presence o
small extent of xylan degracing property in its culture
fluid. In the present work we” have made attempts to
Improve the xylan degrading anility of this orqanlsm by
mutation with' ultra,violet [ight and examine the possi-
hility of cultivating it on natural xylans for the produc-
tion”of glucose-Isomerase.

Materials and Methods

S. fradiae SCF-5 was maintained on Bennett Agar
Slants at 4°C and transferred fortnightly.

. The basal medium (1) employed for xylanase produc-
tion was of the foIIowmg composition: I-SN 422804
0.26 per cent; K-HPO4 0.24 per cent: KH,P04 057
per oent: yeast extract, 0.05 per cent; MgS04 0.1 per
cent and a carbon source, 10 per cent, pH /0. For
glucose-Isomerase production, the above Dasal medium
was supplemented with 0.024 per cent CoCl, p ).
_ Fifty ml of the medium in 2250 ml conical flask was
inoculated with a loopful of streptomyces spores and

ding variants could grow on natural xylan Substrates producing extracellular xy

f PH 6.0 and 55°Cand al

anase but with little detectable

cultivated at room temperature in gyrotary shaker for
48-72 hr for the production of enzymes,” The assay
procedure for glucose-isomerase and definition of IS
unit have already been given5. Xylanase wes assa;red
In. ml of reaction mixtyre contalnm% larch wood xylan
1 per cent), 05 ml: sodium phosphate buffer (0.05°M),
05 ml: enzyme, 01 ml and distilled water 0.4 ml;
incubated for 30 min. The reducing _sugi_ars formed were
estimated by using the 35 dinitrosalicylic acid reagent6.
Since we were dealing with a new system, the pH and
temperature optima for the xylanasé activity in' culture
fluid were determined FFI(i. 1), They were Tespectively

_ all xylanase assays were done uncer
hese optimum conditioris. One unit of xylanase was
defined as that amount of enzyme which gave rise to the
formation of . p mole of xylose per min under the
assay conditions.

UV irradiation:  Spores from a 4-gay old slant
culture or fragmented vegetative_ cells fram the early
stationary phase of growtf_taken in physiological saling
containing 0.05 per” cent Tween-80° were stbjected o
UV irradiiation at a distance of 29 cm from a”Hanovia
model—UV lamp. Usually .o ml suspension contalnm%
10g CEIIS M+ Was subdected to irradiation with constan
agnatlon inanopen 10cm. diameter petridish. Irradiat-
ed culture wes refngerated overnight prior to plating
out for viable count and assessment of mutagenesis.

- For observing xylanase producing variants the irrg-
diated culture was #)Iated out on, basal medium agar (1)
containing o per cent xylan which imparted turbjdi
to the médium,  Clearance zone around a colony indi-
cated degradation of xylan.

A summarised version of this paper was presented at the First Indian Convention of Food Scientists and Technologists, 23-24, June

1978, at C.F.T.R.I.. Mysore-570 013.
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Chromatographic analysis of xylan degradation pro-
ducts: Twenty ml of the reaction mixtdre containin
xylan (Sigma) 1 per cent, 4 ml; PO, buffer (0.05 M, p
6.0), 4 ml and culture fluid I(as source of xylanase),
4l was incubated at 55"Covernight. The sugars form-
ed were analysed by paper chromatograPhy in ethyl
acetate, pyridine, water (s - ::) and. butanol, acetic acid,
water (4:1:1) systems by ascending technique u_smg
Whatman NO. 3 chroma ogra%hyp er and Visualise
by spraying with AgNOJ or Benzidine: reagents,
Larchwood xglan was”purchased_from Sigma Chem,
Co., USA. and D-xylose from B.D.H., Endland. The
%her reagents were of analytical grade, procured within
e country.

Results and Discussion

Effect of ultra violet (UV) _irradiation on survival and
mutagenesis in S, fradiae: “Both spores and vegetative
cells, In separate trials, were sub{ected to UV irradiation
to assess the suitability of the test material, Spores often
remained as, clumps and were floating on the suspension
fluid, A fairly uniform _su_?Penswn 0f spores_could be
obtained in saline containing 0.05 per Cent Tween-80.

Usually at the beginning of stationary phase of
?rovvth, S. fradiae mnycelid were found to” undergo
ragmentation into short rods, resembling any typical
rod shaped bacterium, A(iood uniform call suspénsion
could be made from the culture at this stage of growth.
Sometimes a tissue homogeniser was used to- make
uniform spores or. vegetative cell suspension,

In Table 1are giveri the survival pattern of the culture
after subjecting the sepores and vegetative cells to diifferent
periods of exposure to UV light. ~ Surprisingly, in a
number of trigls, we have found that the Vegetative cells
were more resistant to UV kill than the spores at lower
dosage of UV irradiiation, At higher dosage of UV
however, the veﬁetatlve cells appreared to be inactivated
at a faster rate than the spores. The possible explanation
for the above, observation is that veqetatwe_ cells, being
actively metabolishing would be able o repair the dama-

Temperature pH

00F

—r

Xylanase Relative activity (%)

1 A 1 1 1 1
20 40 60 80 4 5 3 7
Temp °C PH

. L Temperature and pH effect on xylanase activity of the
culture fluid of Streptomyces fradiae SCF-5

LR
(=]
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Table 1, effect of W EXPOSURE PERIOD ON SURVIVAL
S. FRADIAE SCF5

Exposure period Survival (%) after exposure of

(sec.) Vegetative cells Spores
0 too 100
20 23.20 12.60
40 0.92 2.60
60 0.07 0.28
120 0.00 0,07

0es. caused by lower dosages of UV and hence are more
resistant than the dormant spores. _
Various kinds of morphological variants were dis-
cerned on the'plates. More commonly we obsrved the
nonsporulating or bald variants. ~ Thére were colonies
which appeared whitish or greyish in comparison to the
gr%lsh pink parental culture.” _

n the xYIan agar plates (medium 1), the colonies of
the parental cultures also procuced a Clearance zone of
abqut 5 mm dliameter 48 hr after plating. Any colony
which showed considerably. bigger clearance zones than
the parental colonies were picked up as xylanase variants
and subjected to further test for the” production of
enzymes in the fluid basal medium 1 con ammR 1o e
cent wheat bran and 0.1 per cent glucose. The frequ-
encies of various levels of xylanase™producers from the
irradiated and the control unirradiated samples selected
bP/ the above procedure have heen given in Fig. 2
It was clear that the irradiated cultlres exhibited a
definite increase in production of extracellular xylanase.

50

PARENT
40}

" 30f

20F ]
10k H
0

40

VARIANTS

30F

Frequency (per cent)

20

10
0

1]

0415 0-2

1
0-05 01
Xylanase (units m|-I)

Fig. 2. Xylanase production in Earent and variants of
Streptomyces fradiae SCF-5
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While most of the parental colonies Possessed_ xylanase
ranging from Q.05 to 0,06 units ml-1, the irradiated
culttrés had yielded colonies producing 0.19 to, 0.2
units mI'1 Three of the hllgh xylanase yielding variants
viz. UV, UV. and Gre¥ were selected for furthér studles,
Hydrolysis_of xylan Dy t _
and “Grey.  The data on chromatoqrapmc analysis of
sugars formed by hydrolysis of xylan by the Culture
fluids of above variants of SCF-5 over a period of 4 to
72 hr have been given in Table 2. In the early sta%es,
L.e. from 4 to 24°hr, spots having lower mobility than
xylose were detected on the chromatogram. Thé spot-
c0-chromatographing  with authentic D-xylose was
found only In “case” of samples incubated for 72 hr.
While in the case of variant UV-1 the xylose spot and
other low mobility spots were still fourid after 72 hr.
incubation, in the variant UV-2 xylose spot, and angther
spot with higher mobility than Xylose viere seen. With
the Grey variant the Xylose spot was not detected
although the number of low mobility_spots. decreased
from4'duringthe early period ofincubation to just Lafter
8 hr. The dbove results r?erhaps squest_that_ UV has
induced variations of xylanase production in this culture
not only quantitively but also with respect to the quality
or type of the xylanase formed. The exact manner in
which this qualitative change has occurred Is yet to be
studied. \\e presume. at the moment that the” parental
culture produces a mixture of xylanases among which
one or more types are promoted or magnified in the

Table 2. hydrolysis of xylan by culture fluids of s. fradiae
VARIANTS

S. fradiae  Hydrolysis Sugar spots on paper chromatogram’

SCF-5 period
variant (hr) 1 2 3 4 5 6
xylose
uv, 4 + +
8 - - + o+ = =
24 - - 4
[V - + o+ o+ = =
uv2 4 - — + 4 —
4 - — + + 4+t
8 - - 4 + /-
24 - - + o+ = =
12 I
Grey 4 — — o+ o+t 4
8 - - + = = =
24 - - = = =

t Numbering with decreasing order of mobility.
-Spot absent; +Spot present.

he culture fluids of UVI, UV2
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Table 3. xylanase production by s.fradiae uv2 variant
AFTER GROWTH ON VARIOUS SUBSTRATES

Substrate« Xylanase
(units mi"1)
Wheat bran 0.057
Wheat bran residue1 0101
do (preincubated)ft 0.155
Paddy straw Nil
Paddy straw residue2 0101
do (preincubatede) 010
Saw dust Nil
Bagasse Nil

«Substrate at 1.0 per cent level.
¢Incubation done at 55°C for 24 hrs.

IWheat bran residue obtained after cultivation of Aspergillus
carbonarius for pectinase production.
2Paddy straw residue after cultivation of Pleurotus flabuUatus.

xylanase variants.  Different Kinds of xylanases, with
régard to their moge of action on the Xylan molecule
are known9 according to which the products of xylan
%oelgolysm would be Xylose and/or xylo-oligo-sactha-

Growth of UVx, UV2 and Grey on natural xylan
substrates and enzyme induction: Attempts were made
to cultivate the dbove xylanase variants in the basal
megium (1) containing various natural xylan substrates
such as wheat bran, sqw dust, paddy straw bagsse, [
In the large scale production; of pectinase bg/ pergillus
carbonarius in tray fermentation, a considerable quantity
of wheat bran residue is discarced; likewise the paddy
straw residue is a waste Rroduct after mushrooms have
been raised on them. These fwo waste materials were
also tested in the present work as growth sulbstrates,

In most media, considerable levéls of xylanase were
produced extracellularly by the S. fradiae variants, but
cell bound %Iu_cose-|somerase was found only in traces
In some _media and was completely undetectable in
others.  The variants were rechecked for their ability
to produce glucose-isomerase in presence of xylose and
they were found to be capable of producmgnth enzyme.
The variants produced mare xylanase in Wheat brén or
gaddy straw residue than In the respective fresh unused
unstrates (Table 3). In the preincubated resiclies kept
at 55°C for 24 hr, t§<eyl_anase roduction was still better
|t may therefore, bé inferred that some predigestion of
the xglans IS necessary and that the residues probabl
possess enzymes elabarated by the fungl or mushroo
and during preincubation, the xylans in them are further
broken down.  This probably would mean that although
the $. fradiae variants weré capable of improved pro-
duction of xylanase, the enzymes in them were either
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insufficient, or inefficient to generate sufficient xylose
for induction of glucose-isomérase.

Acknowledgement _ _

The authors express their thanks to Dr. V. Sreenivasa
Murthy, of the Institute for constructive criticism and
helpfu sug[qestmns, and to Dr. B. L, Amla, Director,
of the Institute, for his keen interest in the work.

References
1. Casey, J. P., Starke, 1977, 29, 19.
2 Pa%, VGYK. and Toma, M. J. Gen. appl. Microbiol., 1974,

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY,

VOL. 15, NOVEMBER-DECEMBER 1978

3. Takasaki, Y., Kosugi, Y. and Kanbayashi, A., Fermentation
Advances. Ed. Perlman, D., Acad. Press, N. Y., 1969, 561.

4. Sreenath, H. K. and Joseph, R., J. Fd Sei. Technol., 1978»
15, 246.

Joseph, R., Shanthamma, M. S. and Murthy, V. S.J. Fd Sei.
Technol, 1977, 14, 73.

6. Miller, G. L., Anal. Chem., 1959, 31, 426.

Trevelyan, W. E., Procter, D. F. and Harrison, J. S., Nature
Loud., 1950, 166, 444,
8 Bacon, J.S.D. and Edelmann, J., Biochem. J., 1951, 48, 114,

9. Dekker, R.F.H. and Richards, G. N., Adv. Carbohyd. Chem.
Biochem., Ed. Tipson, S. R. and Horton, D., Academic
Press, N. Y,, 1976, 32, 278.

o

~

Stimulation of Glucose-Isomerase Production In Streptomyces
fradiae SCF-s by Enzyme Hydrolyzed Wheat Bran

H. K Sreenath and Richard Joseph

Discipline of Microbiolog&

Fermentation and Sanitation, Central Food Technological
esearch Institute, Mysore-570 013,

Manuscript Received 30 June 1978

Wheat bran was partiaI(I:y hydrolyzed with crude streptomyces xylanase. This hydrolyzate
F-5at levels comparable to those obtained with xylose. The wheat bran

Eroduction in S. fradiae S

ﬁromoted glucose-isomerase
ydrolyzate was fractionated

y gel filtration and one of the fractions which promoted high production” of glucose-isomerase contained an oligosaccharide

rather than xylose.

Glucose-jsomerase is now one of the important
commercial enzymes used in the production of high
fructose sg/sru 5. A Iar%e progortl_on of microorganisms
reported as proglucers Of glucose-isomerase need xylose
as induger for the enzyme” biosynthesis, For economic
production of enzyme, natural xylan Containing sulbst-
rates such as wheat bran, corncolis, etc. could be'utilised
but organisms possess% both glucose-_lsomferase and
Xylan ePradlng ability were founid only in a few instan-
G8s12 In.the present work, thereforé, we have tested
the possibility of employing two Streptomyces cultures
one possessing a powerful” xylanase activity (out rtself
Iackmg_m gﬂucose-lsomerase) and the other’ capable of
produ mg |?h levels of glucose-isomerase adaptively
In presence of xylose in thé growth medium. Either the
two cultures were grown together on wheat bran_or
wheat bran hydrolysed with the culture fluid of the first
organism was used as inducer in the second, in the ulti-

mate production of high levels of glucose-isomerase by
the second organism in either proCedure.

Materials and Methods

Isolation and maintenance of streptomyces cultures:
Streptomyces were isolated from locafions rich in
natural Xylans according to procedures already  des-
crined3, 5. fradiae which has been described earlier34
was employed as the producer of glucose-Isomerase.
The cultures were maintained on Bannett agar slants
and wheat bran agar slants (yeast extract, 0.25; meat
extract, 0.25; +, 0.05; " corn steep liquor, 0.5;
roundnut meal_"0.5; wheat bran, 10and ‘agar, 2.0

r cent at pH 7.0). _

Media and conditions for enzyme production:  Xy-
|anase progluction was carried out by submer%ed fermen-
tation oy Inoculating one loopfull “of spores to 50 ml
of wheat bran medium of above composition in a

A summarised version of this paper was presented at the First Indian Convention of Food Scientists and Technologists, 23-24, June

1978, at C.F.T.R.l., Mysore-570 013.
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250 ml capacity_conical flask and cultivating at +q0m |
temperature (25-30°C) for 3-4days In & QYrOtATY SAKET, - Tope o wivees or e corieciorn ot v e mree e

For production of glucose-isomerase whéat brar medjum  ORODUCTION
containing 0,024 per cent Co Cl. and peptone medium , , .
N
and Xxylose, 05per cent at pH7.0) were en?p oyed. ISS|K 02
The' procedures of Iucose -isomerase and Xylanase cft2 08
Nexs and definition ofenzyme units have already been MCj2L 10
Preparatron of wheat bran hydrolysate; = Fifty grams 3“2C‘ olfr5
of wheat bran was suspended in 100 ml of distilled water.

To this 125 ml-of xylanase enzyme solution (culture
fluic) was adoed and incubated af 55°C overnight. The  Results and Discission
h?/drolysed material was filtered through & cheese  Testing cultures for the simultaneous presence of
Xylanase"and glucose-isomerase: - A number of strepto-
Total sugar content of the wheat bran hydrolysate ¥ces culturgs were examined for the presence of
was deteimined using the Anthrone methodd: Pentose  xylanase In the culture fluid and glucose-iSomerase in
was estimated using phIoroqucrnoI reagent?. the cells after the rowth of the Culture in the wheat
Fragtionation of wheat Bran R/drolysate Was done bran medium for The results given in Table 1
wrth Sephadex G-25 frne cqum of srze indicate that dood ><¥Ianse producers™do not 0SSESS
eco umn Wwas ch are wrt 160 mg of totaI sugar |n corresponaing | eveso g'\r/lrcose isomerase. From among
15 ml s0 utron and uted wrth distilled water at'a flow these culture” isolates, a, MCI-2L an
rate of 15 m 5ml fractrons were collected.  CFT2 were selected as good xyIanase producers
Sugars \iere ana ed y[naperc hromatogra hy in the  Effect of mixed cultivation 0f xylanase and glucose-
so vent S stem of butarigl: ‘acetic acid: Water 411 |someraseproduc|nq cultures on the groductron 0f glucose-
cending technique using Whatman Isomerase.  The  glucose-Isomerase producing “culture

c%romatograp gpaper T e sUgar ?Pots WWere vrsualrsed S. fradiae SCF-5 was cuItrvated along with each of the
by spraying thé paper with Benzedine reagent8, five potent xylanase producing streptomyces in wheat
bran medium, in order to_ test whether the xylanase
Table 1 production of xylanase and glucosedsomerass CU tures WOUf d make available sufficient xylose [
BY DIFFERENT ISOLATES OF STREPTOMYCES n¥e ronsrs of wheat bran for induction of glicose-iso-
Sttt i " rase I S. fradiae SCF-5, It would be seert as per the
HANIAS (u%.?é]/anﬁf) “C((g}gltgﬁnr?ﬁ;ase resu Its given in Table 2 that no pronounced effect on
ucose |somerase roduction by SCF-5 was_ evident
1SSjK 18.20 06 his could probably be due to competition of the cul-
cft3 16.86 10 ture? for the rowth sulfstrates
MFS, 193 01 Etfect of sequential cultivation of xylanase and glucose-
MC3 1000 o1 |somerase producrng cultures: In this experiment the
4h 220 02 wanase prod ucrng culture wes grown first for 72, hr
MC]22 1400 16 the wheat bran medium and thien the whole medium
.3 5 o2 alﬁng with the cuItureI was sterilized by autoclaving,
i 00 08 This'medium was inoculated with S. fradiae SCF-5 and
MCes 177 02
MCJ 3006 16 Table 3. effect of sequential cultivation of xylanase
PRODUCING STREPTOMYCES AND S. scr-5 ON
hm4 4.00 0 GLUCOSE ISOMERASE PRODUCTION
cFTm o i First organism in the Glucose-isomerase
MCj2l 1333 0 mgedlum (Unitsml-1)
% 16.40 0 5K 0
CFT! 1153 0 ’
CFTD 033 04 o2 0%

MCH4 4.00 02 3 0.40
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Table 4. effect of wheat bran hydrolysate, hydrolysed

WITH THE CULTURE FLUIDS OF DIFFERENT XYLANASE PRODUCING
STREPTOMYCES ON GLUCOSE-ISOMERASE PRODUCTION BY
S. FRADIAE scF-5

Culture fluid of the or%anism employed in  Glucose-isomerase

wheat bran hydrolysis (Units ml*1)
ISSjK 50
cftl 20
MCj2L 24
MCj 48
3 2.0
CFTjz+MCA 28
MC, + MC 21 14
MCI+CFT2 14
MCj+ ISSiK 16

cultivation continued for 48 hr at the end of which cells
were haivested and assayed for glucose-isomerase. The
results given in Table 3Indicate"that here also the pro-
duction” of qlucose-mpmerase was rather poor pres-
sumably due To depletion of nutritents in the medium by
the microorganism cultivated first,

Induction 0f glucose-isomerase with enzyme hydrolysed
wheat bran; From the foregoing it is “clear that ‘two
mlcroorgamsms amon% the cliltures tested in this work,
one Fro ucing Xylanase and the other glucose-isomerase
would not, flnction cooRe_ranver for the production
of %Iu_cose-momerase by their grovith on a natural >?/Ian
containing substrate like the”wheat bran.  Therefore,
attempts, were made to hydiolyse wheat bran with the
culture fluid of a xylanasé producing streptomyces and
employ this hydrolysate as the substrate for the pro-
duction of_glticose-isomerase by the second micro-
organism. Taole 4 gives the results obtained on the pro-
duction of glucose-isomerase by S. fradiae SCF-5 after

Table 5. relative efficiency of xylose and wheat bran

HYDROLYSATE ON THE PRODUCTION OF GLUCOSE-ISOMERASE
IN S. FRADIAE scF-5

Pentose Glucose-isomerase (Units ml-1)
% induced with

Xylose Wheat bran

hydrolysate
0.04 0.54 0.90
0.08 1.04 132
01 12 174
0.16 1.64 500
0.24 2 240
0.32 212 1.34
048 2.60 0.38

ydrolysate (10 per cent V/V); hydrolysed with culture
fluids of different streptomyces,” Inthe case of two
samples one h?/drol sed with culture fluids of strepto-
myces. isolate ISSIK and the other with that of MC
high yields of glucose-isomerase viz. 5and 4.8 (units ml-1
respectively were obtained. In some samples, where
mixtures of culture fluids were employed for hydrolysis
of wheat bran, however, the glucose-isomerase” produc-
tion was rather poor.  This was surprising in view of our
earlier finding that in some combinations of culture
fluids sKnergm ic effect, as high as 200 per cent increase,
in the hydrolysis of xylan wes noticedd. One possible
explanation for the low production of glucose-isomerase
with mixtures of xylangse culture fluids could be that
extensive hydrolysis of wheat bran is not _the ideal
condition for induction of glucose-isomerase in produc-
n streptomK_ces. Data, presented in Table 5 further
substantiate this hypothesis. In this experiment a com-
Ranson has been'made petween xylose and wheat bran
nydrolysate on_their ab|I|t¥ to indlice glucose-isomerase
in S, fradiae SCF-5. We Tound, for the same pentose
content there was a higher extent of enzyme induction
wheat bran hydrolysate than by xylose. At 0.16 per
cént pentose content xylose solution was able to induce
only 164 units of gltcose-Isomerase/ml| while for the
same concentration of pentose, the wheat bran hy-

drolysate induced 5 units of enzyme/ml.
|f'extensive wheat bran hydrolysis was not ideal then
the partial hydrolysis may be desirable for two reasons:
1) extensive hydrolysis would probably generate other
ugars  inhibitry to ?Iucose-| omerase “formation _or
FZ an ohlgosacchande/o Igossaccharicles from the partial-
)i hydrolysed wheat brai would be a better inducer of
%ucose-momera_se_ than xylose itself. Some evidence for
e second possibility was obtained when we fractionated

%rovvth in Ee tone medium containing. wheat pbran

o >e-- GLUCOSE ISOMERASE 405

~—— TOTAL SUGAR

Total sugar (mg mi-1)

.

i i

o "

' v

A g

/ ! xyiosE
WA A /N

0

Fractidn Numbers
. 1. Fractionation of wheat bran hydrolysate on Sephadex
G-25 and induction of glucose-isomerase in Streptomyces
fradiae SCF-5 by different fractions.

Fi

=
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the wheat bran _hydrolysate on_ Sephadex (_G-ZS}
column and one of the fractions which gave the highes
induction of glucose-isomerase/unit total sugar “used
was found to "be not xylose. This substanCe which
showed much lower mobility on the paper chromato-
gram was presumably an oligosaccharide (Fig. 1)..

From the above data we rmay conclude that an inex-
pensive inducer such as enzymé hydrolysed wheat bran
can be employed for economic production of glucose-
isomerase,” and that an oligosaccharide (containing
Xylose?) 15 a better inducer than xylose itself.
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The chemical composition of com cobs is given. The corn cobs hydrolysate contained glucose, mannose, xylose, arabinose and
uronic acids. Of the fifteen cellulolytic fungi grown on com cobs, M. verrucaria showed maximum protein Broducnon (204.6 mg)

in the biomass. Of the seven nitrogen sources (250 to 600 mg N/I) only potassium nitrate at a level of 35
found suitable. The five different phosphorus sources tried did not show significant effect on SCP produc
OPtlmum pH range 5.0 to 5.5 was observed for SCP. The highest concentration of CMase activity was shown within 48 to 72 hr
ter inoculation. The maximum CMase activity was shown by M. verrucaria (4.42 units/ml) upto 72 hr after inoculation.

a

Chahal and Grayland Singh et al2 produced fungal
protein by growing”cellulolytic fungi on wood pulp and
Wheat straw, respectively. ~ Moo “Young and” Chahal3
converted varius insoluble cellulose materials in SCP
b emplo¥|ng Chaetomhan cellulolyticum. Mifls4 report-
e bloEfle erjoration of cellulose by thermophilic fun%L
Ek and Eriksson5 converted . lignocellulosic waste 1nto
protein by a fungus (Sporotrichtm pulverulentum),

In the Prese_nt study an attempt has been made fo
utilize cellulosic waste” material such as corn cobs for
protein production.

Materials and Methods

Corn cobs were chopped and dried in hot air oven
at 60°C, ground in Wiley Mill, passed through 60 mesh
sieve and' stored for andlysis and SCP piodiction.

to 400 m?_ N/l was
ion. The

Chemical Analysis:  Ether extract, crude fibre, mois-
ture and ash were determined by the methods of AOACG.
The holocellulose and hemicéllulose were also cleter-
mined?. Crude proteing (N x 6.25), lignin9 and reducing
sugars were estimated10. _

aner chro_matogiraphy of hemicellulose:  The_hydro-
lysis of hemicellulose Wwas done by the technigue of

hre and Smithy/, Throughout this stugly, descendin
paper partition chromatography for qualitative analysl
0f sugars and sugar-acids was ‘employed.
system of n-putanol; acetic acid;  water (4:1 5 v/v&_ of
artridge was Used1l  The spray. reagent benziding
trichloroacetic acid® and resorcinoll3 were_employed.

Produyction of single cell r,ot,emSSCsz The ground
corn cobs were partially delignifieald Half qram samples

of delignified corn cobs weré taken in 250 mi Erlenmeyer

The solvent
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flask and 50 ml of Chahal and Gray medium, devoid
of any carbon source, was added and'pH adjusted to 55.
Fifteén fun%| used Myrotheciwn_ verrucaria, Cochlio-
bolus sp., Chaetomiumglobostitn, Fusarium sp. 1., Fusa-
rium sp. 11, As _e_rﬁlllus niger |, As_pergll_lus nlge_r 1,
Asp. terreus, Penicillium sB., Alternaria tenis, Altniaria
sp., Alternaria alternaria, Pen, funiculosum, Rhizopus sp.
and Mucor sp. were obtained from the culture collections
of the Degsartment of Micrabiology. * Cultures were
Incubated as shake culture for 8 daysat 281;0.50C. The
biomass was harvested and dried at 40°C under vacuum.

Cellulose activity: ~ Cellulase activity (CX) In the
c?lttfrl% filtrate was determined by the method of Miller
et a

Nitrogen source:  Seven dlifferent nitrogen soulices,
potassiym nitrate, sodium nitrate, ammonijum nitrate,
ammonium chlorice, ammonium sulphate, diammonium
hydroq_en phosphate and urea were employed in con-
céntration of 250 to 600 mg of N/I of medium.

Phosphorus source:  Five ghosg_horus_ SOUrCes g,
potassium dihydrogen phosphate, dipotassium hydrogen
*phosphate, diammonium h dro[g];en_ phosphate, disoditm
hydrogen phosphate and phosphoric acid were added in
concentrations of 400 to 800 mg P/ of medium.

Results and Discussion

The cellulose, hemicellulose, soluble sugars, lignin,
crude protein, cruge fat and ash contents oT corn cobs
aregiven in Table 1 Sugars inthe corn cobs hydrolysate
c%n _Elsgéjdgf glucose, Mmannose, xylose, arabinose’ and
uronic acids,

The grotem production bXAﬁfteen fungi ranged, from
10.2 10 28.12 per cent and Myrothecium’” verrucaria gave
the highest percentage of crude protein (28.12 per. cent).
Total Crude protein n the hiomass ran% d from 708 t0

2046 m /%of the substrate and highest amount of total
E{gtbellen 02.6 mg) was shown by ‘the same organism.

Final pH of cell free filtrate ranged from 5.2 to 6.2,
APH 0f'5.2 was recorded by As erglllus niger. But, this
value Is much higher than that feported by Reusser
et all7. It might™either be due to ‘strain variation or
different substrate employed in the present study. The
highest (3.7 units) and loivest (1.0 units) CMase activity

Table 1. chemical composition of CORN COBS

%
Water soluble sugars (27)0
Cellulose 34.10
Hemicellulose 42.50
Crude fat 0.96
Crude protein 1.64
Lignin 12.80
Total mineral content 5.4
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was opserved in the culture filtrate of M. verrucaria and
P. funiculosum. respectively. Reducmﬂ sugars content
ranged from 0404 to 2.146 mg/ml of filtrate’

ect. of different nitrogén (N) sources on SCP
Broducﬂon wes tried in five fungal cultures (Fig. 1).
Otassium nitrate supported maximum SCP_hy M.
verrucaria; Cochliobolus sp. C. globosum and Rhizopus
2{)., while urea proved to be the best for Asp. terreus.
mmo_nlum_dlhydro%?n phosphate was comparable, to
otassium nitrate as N source, when protein production

M. verrucaria was consigered. _
Each N. source was tried at 7 different levels ran%m%
from 250 to 600 mg N/I. The optimum concentralio
of N for SCP production is dependent upon the type of
fungus used. ~ Four hundired mﬁ_N was found 1o be
optimum for M. verrucaria; Cochliobolus sp; Alternaria
sp. as potassium nitrate N; M. verrucarja, Cochliobolus
%). C. %Iobosum as sodium ntirate N: and M. verrucaria,
. 0lobosum and Rhizopus sp. as diammonium hydrogen

phos#hate N. _

On the other hand 350 mg N was optimum for C.
?Iobosum Rhizopus sp. as potassium nitrate N; A.
erreus: Rhizopus sp. &S sodium nitrate N_; and Cochlio-
bolus sp. and A." terreus as dliammonium_ hydrogen
phosphate N, Higher concentrations of N had inhibitory
effect upon SCP production; this might be due to change
I osmotic. pressure leading to h|ﬂher solute molecular
concentration outside the fungal cefl. However, the toxic
effect of higher concentrations of urea was mainly due
to accumulation of NH4+ions released by the breakdown

Table 2. single cell protein production by various fungi

Final CMase Protein Total pro- Soluble

Culture pH activity o tein/g of  sugars

substrate  mg/ml
M. Verrucaria 6.2 31 281 204.6 0.762
Cochliobolus sp. 5.9 22 221 166.9 0.484
C. glohosum 6.0 25 19.2 119.2 1.763
Fusarium sp. | 5.9 19 161 104.2 1.260
Fusarium sp. Il 5.7 5 179 105.0 0.984
Asp. niger | 5.2 12 132 95.3 0.810
Asp. niger Il 5.3 21 121 91.8 1.106
Asp. terreus 59 29 122 84.2 1815
Penicillium sp. 58 21 143 99.9 0.644
Alternaria tenis 6.1 21 15.8 126.6 2.146
Alt. alternaria 6.0 22 131 97.1 1.337
Alternaria sp. 6.0 19 127 99.6  0.906
Pen. funiculosum 6.1 10 102 708 1.010
Rhizopus sp. 6.0 1.2 151 1173 1516
Mucor sp. 59 18 146 99.6 0.784

Average of three trials.
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Fig. 1 Effect of different nitrogen sources on protein production

M. verrucaria

Cochliobolus sp. O

C. globosum

of urea by fungal urease, Shukla and DattaB recorded
srmrlar 0Dservi trons while employing urea as N and
molasses as carbon sources. Iri the present study,
ammonia N did not support well the protein production
as compared to the nitrate N. However these findings
\iere corroborated by Chahal and Dhaliwalf0

In this stud t eo |mum concentration of potassium
nitrate was f oun to HN beyond this concent-
ration SCP production was Inhibited. ~However, Chahal

3

160+
140+
120-
100- ‘/Q?\.\
" /"/ <;\9\.
60+ \.Q
404
20 -
250 300 350 400 450 500 600
mg N of urea’/L
% -----0
------ 0
g\
and Cheema) reported |nh|b|to effect of tassrum
nitrate above 600 mg rgro uctron y Penicil-

lium crustosum. Thrs mdrcated that P. crustosum could
wrthstand hr% er osmotic pressure. of potassium nitrate
solutes as compared to fungal specres used In this study.
Drfferent SOUrCes ofophos phorus | not show significant
e ect on {)rotern rductronb different fung.
ggmum H range for SCP productron for various
tungr was found to be between pH 5.0 and 55 (Fig. 2)
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The pH optima for protein roductioné)é M. venucaria

Cochliobolus sp., A. terreus and Rhizopus sp. was 55
while for C. globosum it was 5.0 for SCP. production.
Cellulase (CMase CX), production by these f_ung_ over
a period of 192 hr of ‘incubation is shown in Fig. 3
There was initial lag period for 12 to 24 hr in cellulase
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Fig. 3. Effect of incubation period on Cx activity.

M. verrucaria O ----0 ; Cochilobolus sp. O - 0;
C. globosum A
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production, but the concentration reached its maximum
Within 48 to 72 hr, On further incubation of culture upto
192 hr, enzyme concentration decreased. This might be
due to degradation of cellulase by proteo_IPMC enzymes
released by the fupgus. The presence of mild protedlytic
activity was_confifmed in the cell free filtrate, The
maximum CMase (CX actm% wes shown by M.
verrucaria 64'42 units/ml). upto, 72 hr.

_Corn cobs, a cellulolytic agricultural waste, can effec-
tively be utillized as @ carbon source for single cell
protéin production by cellulolytic fungi.
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brlrty The yield and the recovery of starc
limi

Four Indian maize cultivars— ‘Amber Comﬁosrte ‘Deccan 101", ‘Ganga 5" and ‘Vijay’ were assessed for their wet mrIIrn? suita-
were satisfactory. Protein content in the extracted starch was below the to
Lower contents of starch in the grain might be the cause for Justdsatrsfactory results in the wet milling. However, these

grence

varieties could be used as source materials in wet milling industry in India

In India wetmilling . industry was by far the major
single consumer of maize. There are well known varie-
ties developed in the country suitable for starch produc
tion, like *Hi-Starch’, ‘Ganga Safed-2', etc. It has
observed that consumptiont of starch and starch- based
roducts In India has increased in the_last decace and
he trend is towards further increasel There were about
ten major starch manufacturing companies In India
dealing with wetmylling of maize for the production of
native™starch and in “Some, further processing. to, its
modified andlor derivative substances. There”is little
published literature on the wet mrIIrnd of Indian maize
vanetres Therefore, a preliminary Study was initiated
inour la oratory to determrne suitability of four Indian
maize cultivars Tor wet milling.

Materials and Methods

Four maize vanetres—‘Amber Composite’, ‘Deccan
‘Ganga 5 and ‘Vijay’, grown In Hyderabad
Andhra Pradesh Indra dun abi 1977 vvere used n
thrs study. T 5 matena was rown in_single plafs,
and wass rﬁ)P lied by the AII In lia Coordrnated alze
Im]proveme Project, New Delhi.
?]roce ure used in wet milling was essentjally that
of PeIs enke and Lindemann2 and” Kempf and Tegge
which was standardized in this laboratory showing g0
correlatrons between the yields in this method and the
in ustry processrngbofmarze for starch, A representative
sample; obtained uartennlg N Burrows  sample-
drvrder of 50 g of maize kernels were steeped in water
contarnrn r cent_sulphur dioxide for 50 hr at
e ste ped maize Was carefully degermed
d Germs were dried, weighed, and"the Oil conten
as vveII as quality were determiried, The degermed maize
was ground In"a laboratory grincer-mixer and hulls

Size > 150/3 \ere separated,  The resultant starch-
rotein suspension was centrifuged, washed and the
concentrated slurry was separated into starch and gluten
(protein) fractions on_ ‘starch-tables’ imitating ‘those
In the inqustry. Fractions of starch, gluten and hulls
thus obtained were dried overnight and weighed.

Whole grain as well as the separated components were
analyzed for cemrca constrtuents using - standard
proceduresd. Viabili bulk volume were estimated
as per the stancard rocedures5

Results and Discussion

Physrcal ?ropertres and chemical constituents: Data
for all the four cultivars are Presented in Table 1 As
revea led rgythe Per cent viale kernels, the grarns are
soun an healthy. ~ Variation in 1000-kernel weight
and hulk volume was consP|cuous compared to vrabrlr%’y

Starch content was nearly the same in all the cultiva
averagrn% 0 69 per cent. ~‘Deccan 101" which had the
higheSt Starch content amongst the four cuItrvars also
had the hrghest protein cortent but low fat content,
Some varialign In protein and fat contents were noted.
The ranges of cruce fibre and mineral matter were 2.04-
2.23percent and 1.53-1.72 Eer cent respectively, inferrin
not uch vanatron amo g t the cultrv 5. Sl |Iar fren
was noted with respectt pH of the grain and acialty,
except -in ‘Ganga o, wherein the aCidity was highér
compared {0 the' rest of materials

tarch yreld and recovery rate:  Fig, 1 indicates the
|e and” recovery of starch in wet milling, as well as
e res ective Cl |f|cat|on pertaining to { em5

e four maize cultivars gave an average of 63 per cent

range 62.3-63.6 per cent sarch yield and 914per cent
range 90,1-92.3 per cent) starch recovery rate.” AS
he Classification” indicated in Fig. 1, these varie es

*Present address:  Central Food Technological Research Institute, Mysore-570 013, India.
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Table 1. physical properties and chemical analysis of maize varieties

Variety Viability 1000-kernel Bulkvolume Crude  Crude  Crude  Crude  Mineral  Acidity pH
wt.  (ml/iooo starch  protein fat fibre  matter

B) (g kemes) @) e %) () () (%)

Amber Composite 9 237 294 69.1 124 4.68 2.14 166 145 6.31
Deccan 101 10 233 287 69,2 28 4.64 2.05 1.72 1.28 6.37
Ganga 5 100 91 364 69.0 1.6 483 2.23 153 2.45 6.14
Vijay 97 276 342 636 119 543 2.04 161 145 6.43

scored only ‘satisfactory” in their wet milling suitability.
The main reason canbe attributed to the relative fy
lower contents of starch in the source material itsel
As seen from Fig. 1 no apRrenabIe difference could J"
be found either in the starch yeield or recovery rate

amon%st the four maize cultivars,

Protein content |n the extracted starch was, below the
maximum value of 0 Gner cent as prescn bed in German
Starch Standardsb ? highest protein
content (0.59 per cent), fol owed by Am er Compo-
5|te Vua and Deccan 101,

|e ds” of hy Broducts The data on, the chemical
ana SIS of the Pro ducts and their vield_as gluten,
rm and hull as well astotal soluble solids (TSS)"in the
steepwater are presented in Table 2. Though not much
variation was noted in the yield of gluten, the differences
In the protein cgntent of gluten ract|on was |nterest|ng
‘Ganga 5 and “Amber Composite’ gave |_cter proteln
compared to ‘Deccan 101" and ‘Vijay'. owever te
protein content of the gluten can eas dy “be increased
additional centrifugation, washing an concentratlon
e A A e e T
ited variation i | '

erm. However, the acid number and free fatty acid AMBER ~ DECCAN GANGA  VLJAY

FA) content (expressed s oleic acid) were different ~ composiTe 101 5
T VO T ST SUtSIY et O o a1 o

1Z urprisi
least acid number amongst the v%nehgsy which needs oL Zﬁeequfen(tdfBercg\v'g{na%rsttéfh%cht%@) maize varietes (Limis

o
2 >

VERY

GOOD | GOOD

[{e] J g‘

w

a

) B,
(3

SATISFACORY

YIELD OF STARCH (%
4
w
(@]
RECOVERY OF STARCH (%)

- UNSATISFACTORY

Table 2. component yields in wet milling in respect of by products (%, dry basis)

. Gluten Germ Hull TSS i
Variety , _ , ] , steepwater
Yield  Protein Yield Fat  Acid No. FFA Yield  Starch

Amber Composite 104 61.3 866 45.6 6.79 342 9.50 12.90 5.86
Deccan 101 108 55.7 8.60 46.8 707 3.56 8.80 8.84 593
Ganga 5 100 615 8.82 485 1.69 0.97 8.64 1050 532
Vijay 107 543 9.14 50.6 55  '280 8.38 10.50 5.62
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further |nvest|%at|on. Acid number amongst the cultl- - Research (India) for deputation of the senjor author to
vars, was much variable compared to the FFA content.  undertake the résearch work in the above laboratory.
Vijay" recorded the second |owest in value in acid

numoer, also ranked the same in FFA content, where as - References

a change in situation was noted amongst ‘Deccan 101" 1 Joginder Singh, Symposium on Production, Processing and
and ‘Amber Composite’. With respect to total soluble Utilization ‘of Maize, Sorghum and Other Millets, 27-29
solicls percentage in the steep water, much variation wes December 1976, Central Food Technological Research

not observed amongst the cultivars. Institute, Mysore, p. 10, ,_
Pelshenke, P. F. and Lindemann, Starke, 1954, 6, 177.

Kempf, W. and Tegge, G., Stérke, 1961, 13, 363.

Standard-Methodenfiir Starke und Starkeerzeugnisse, Arbeits-
emeinschaft Getreideforschung, e. V., Granum Verlag,
etmold, 1975.

Standard-Methoden fiir Getreide, Mehl und Brot, Arbgits-

gemeinschaft Gelreideforschung, e. V., Verlag Moritz
chafer, Detmold, 1971.
Richtlinie fiir Starke und bestimmte Starkeerzeugnisse, Bund

fiir Lebensmittelrecht und Lebensmittelkunde e. V.,
B. Behr’s Verlag, Hamburg, 1976.
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Flours of five wheat varieties namely: ‘WG 357, ‘WG 377’, PV 18’, ‘K 227" and ‘S 308" were used for study of the interaction
of slow and fast ac,tm(‘} improvers on dough and baking characteristics. The dough characteristics were evaluated usin Ch(_){)m
Alveograph. Thengh ening effect of ascorhic acid and potassium bromate on doughs of various flours was well marked, as iflu-
strated by decreased extensibility and increased stability. The stren%th of flour measured by the area under alveogram was in-
variably increased with the exception of S 308 where it was reverse. The optimised baking formula indicated the beneficial effect
of potassium bromate but no such improvement was observed with the other two. There was no effect of any of the improvers on
crumb characteristics using either of the test bakmq procedures. G_enerallg potassium iodate was damaging'to the baking quality
of flours. The results of this studr point to a complement of condition such as incorporation of fat and milk solids in the formula

for the interaction of improver for obtaining higher loaf volume.

_Increased production of wheat jn the country neces-

sitates the use of improvers in pread making. The

baker has already realised the benefit derivéd from

Pg(ttassmm bromate to improve the crutnb grain and
ure

exture.

On{l]y limited studies have_been made so far on im-
provi %the aking quality of Indian wheats. Singh and
BaileyItried some'Studies on the quality of Indian Wheats
and their interaction with potassium bromate, using the
‘Remix” baking procedure developed by Irvine “and

McMullan2 . Some improvement in bread making quali-
ties of Punjab wheats to potassium bromate hds been
observed by Finney et aft. * Other chemicals like potass-
jum iodaté and &scorbic acid have not been so far
Investigated In our country.

Materials and Methods

Five commercially important varieties of wheat—
‘WG 357, ‘WG 377", PV 18", 'K 227" and. ‘S 308" were
obtained from the Punjab Agricultural University from
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Table 1. physico-chemical characteristics

Variety Protein Ash  Diastatic activity

(mg maltose/10q
(%) (%)

WG 357 108 044 186

WG 377 9.6 0.48 218

PV 18 9.2 0.44 206

K 227 9.2 0.44 p27)

S 308 103 0.46 144

the, 1973 crop. These vvere conditioned to 15 per cent
moisture and milled on the. Quadrumat Jr experimental
mill after 48 hr of rest per| The composition of the
flour 1s given in Table 1

Fresh compressed baker’s yeast (Saccharomyces
cerevrsrae supphed by Mis Shaw Wallaceé and Co. Ltd,

Was' Used.,

Potagsrum bromate potassrum jodate and ascorbic
acid were of analytical grage and were used at 0, 10, 20
and 30 ppm levels on the flour basis and were added in
the agueous solution form.

Al tests were carried out according to the standard

C4 procedures Proteolytrc activity was determined
according to the Ayre-Andérson method as illustrated
by Miller5 and adopted by the AACCA AIveograp
cUtves, were obtained according to the procedures illu-
strated by Kent-Jones and Amosb. The 50g bowl was

=
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of flours of different varieties of wheat

Proteolytic ~ Sedimentation Damaged Gluten
) activit value starc (weO
(iU} () ® 50
16 248 9.32 35
15 256 132 353
18 21.2 108 359
16 324 1n2 358
19 230 72 317
used for the Chopin aIveograph AACC4 strar%ht dough
test bakrn? rocedure andl the optimized ‘Ri bakrn
formula of Finney and Barmore were used o stu

effect of improvers in baking,
malt extract (60°L as drasta ICS ]pplement Was Incorpo-
rated into the AACC formula, The doughs were opti-
mally mixed at the standardized baking ahsorptions.
Loaf volumes were measured by the rape seed displace-
ment method and were assessed for qua |t¥ parameters
such as crumb texture, grain crust colour, etc.

Results and Discussion

Effect of improvers on the rheolo |caI roperties of
flours:  The results of extensibili tl) resistance
to extension (height) and baking stren th area) of flours
treated with varjous improvers as sfudied with alveg-
graph are given in Table 2. There was a marked vari-

In addition 0.5 pe cent

Table 2. effect of bread improvers on alveograph curve characteristics
Alveograph o

Variety curve Ascorbic acid (ppm) Potassium bromate (ppma) Potassium iodate (ppm)
characteristics O 10 20 30 0 10 20 0 0 10 20 30
WG37 L (mm) 93 92 73 64 93 99 9 93 93 6l 51 3
P (mm) 55 56 52 55 5% 52 51 19 55 50 44 42
A (cm2) 22 X0 23 201 B2 47 U1 20 282 12 uno 94
WG37 L (mm) 5 65 53 50 52 &3 73 & 52 49 0 28
P (mm) 18 76 84 8 78 63 62 61 78 64 63 54
A (cm2) 252 292 2714 26 252 207 242 195 252 183 126 102
PV 18 L (mm) 69 74 59 58 69 69 IR 73 69 62 44 3
P (mm) 64 60 55 67 54 57 56 59 54 58 56 5%
A (ecm2) 22 23 192 w0 202 25 4 28 22 02 146 132
K 227 L (mm) 16 59 65 48 76 62 70 &% 76 64 44 kil
P (mm) 60 10 70 14 60 10 63 62 60 64 63 5%
A (cm2) 246  B5 28 22 U6 N1 B2 B85 U6 26 187 103
S 308 L (mm) 61 64 63 65 61 8 60 50 61 54 19 15
P (mm) 55 56 58 56 55 5 56 54 55 5l 50 45
A (cm2) 24 190 145 161 24 152 150 143 24 120 62 50

L—Extensibility P—Stability A—Baking strength
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Table 3. effect of improvers on the loaf volume (cc) of different varieties of wheat by the aacc—test baking procedure

Variety Ascorbic acid (ppm) level Potassium bromate (ppm) level ~ Potassium iodate- %)m) level
0 10 20 30 0 10 20 Rl 0 20 30

WG 357 55 50 565 530 575 490 490 475 575 510 470 390
WG 377 475 480 460 480 4715 450 420 420 475 440 30 3%
PV 18 475 490 510 510 475 500 485 470 475 445 410 345
K 227 55 5% 500 500 525 460 470 475 525 490 420 370
S 308 415 465 460 475 460 455 450 450 475 455 390 310

ation_in the curve of different flours. Flours without
any improver exhibited marked varietal differences in
the curve parameters.  The extensibility of doughs of
different varieties was found to be % for “WG
mmfor ‘WG 377’ 69 mmfor PV 18', 76 mmfor ‘K 227
and 61 mm for S 308", with corregponding heights of
o5, 18, 54, 60 and 55 mm, respectively. Exterisibility
decreased generally with 20 and 30 ppm. of ascorbic
acid in all Varieties except S 308", where slight Increase
(4 mm) was observed.  When different varieties were
compared, marked decrease in extensibility occurred in
varlet¥ WG 357 from 93 to 64 mm and of K 227
from 76 to 48 mm with increased dosages of 0-30 ppm
acid. In the case of PV 18, the corresponding decrease
was from 69 to 58 mm. The effect of potassium. iodate
on the alveograms was more pronounced. Extensibilities
decreased markedly as the _dosage was_increased from
0to 30 ppm. - The extensibility of ‘WG 357" decreased
from 93 t0 39 mm, of WG 337" from 52 to 28 mm, of
PV 18" fiom 69t0 3/ mm, of'K 227", from 76 to 3L mm,
and of ‘S 308" from 6L to 15mm. .

The curve area decreased considerably (224 to 143
cm2) for the dou%h of 5 308 treated with 30 ppm of
otassium bromate and from 22.4 to 5.0 sq. ¢m at the
same level of potassium iodate. Curve heights Increased

In case,of PV 18"and ‘WG 357" treated with 30 ppmof b

aseorbic_acid or potassium bromate.  The adverse
effect of potassium iodate on the curve areas of each
variety was in contrast to the effects of ascorbic acid

B 5 which

and potassium bromate.  The worst affected douqh Was
that of 'S 308", These observatigns paint to tht Timita-
tion of flours towards the fast acting oxidizing impiovels
ich instead of effecting improvement, might prove
deleterious to the bakm% uality of flours,

Effect of improvers_on the baking quality of flours;
The results of AACC test baking “Supplemented with
0-30 ppm of each of the improvers-are given in Table 3,
The results of optimized baking test with 0 and 20 \})pm
of each improver used are shown in Table 4. PV 18’
flour seemed to have responded to ascorbic acid as
indicated by increased loar volume from 475 to 510 cc
when_dosag_es of 10 and 20 Cpgm 0f the improver_were
used in straight dough AACK akw\w/grocedure. Flours
of varieties S 308',"K 227", and ‘WG 357 showed no
response to ascorbic acid, whereas slight decrease in
the' loaf volume of "WG 357" was recorded. The loaf
volumes in all cases except PV 18 decreased when
tested for their response {0 potassium bromate. The
effect of potassium ioglate on loaf volumes was even
more detrimental precluding its use for improving the
baking quality of flours. The'results are in line with those
obtairied for doughs using alveograph.

The baking results of optimized formula brought out
the response of flours of different varieties to potassium
romate. The loaf volume increased by 15 to 40 cc
when 20 ppm of the improver was used. The maximum
response hias been shown by K 227", and the least bg

377", The loaf volumes obtained by using optimise

Table 4. effect of improvers on the loaf volume (cc) of different varieties of wheat by optimized baking procedure

Ascorbic acid (ppm) level
) (ppm) Vel e

Potassium bromate (ppm) level
AACC

Potassium iodate (ppm) level
: (ppm) fovel

Variety Optimised baking AACC Optimized baking ACC Optimized baking ARCC
0 20 20 0 20 20 0 20 20
WG 357 535 550 575 585 560 575 535 540 575
WG 317 575 555 475 575 590 475 575 530 475
PV 18 560 580 475 560 590 475 560 560 475
K 227 560 555 525 560 600 525 560 560 525
S 308 535 540 475 535 565 475 535 530 475
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baking formula, with and without the improver, far
exceeded the loaf volume qbtained by the lean AACC
straight dough method desnt;ned to measure differences
I protein quality as reflected by loaf volumes, The
results are in close compromise “to those of Hosene
et als. who got no bromate response with the defatte

our.

_The loaves generally had dark crusts, but those treated
with potassium iodafe, were torn and _h|?hl unattrac-
tive. - The.crusts of ‘WG 377" were specially dark brown
which mlght be attributed to high darmaged_starch
content of the flour. The loaves of ‘WG~ 357" were
consistently rated sugﬁnor to others as regards volume
and crymb texture and grain.  The, crumb was rated
softer than those of the Other varieties. The loaves of
PV 18 were not so soft. *S 308" loaves were distinctively
of whiter crumb in comparison to other varieties.

Both crust colour and shredding were dependent on
variety and formula |ngred|en_t but shredding was also
affected to some extent by the improvers as indicated b
increased shredding in ¢ase of AACC formula baked
loaves. But it was Totally Iackm% in optimized formula
loaves. No improvement'was obServed while using the
improvers. Crust colour of loaves baked with optimiz-
ed formula was comparatively darker. - Ascorbic acid
SLfJPpIementatmn in AACC formula had no appreciable
effect on crumb texture and, grain, except for the variety
5.308" where 30 ppm af the improver resulted in medium
rain as compared with the fine grain of the control,
0'tassjum bromate and potassiunt iodate produced an
over all deterioration of the crumb texture and grain

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 15, NOVEMBER-DECEMBER 1978

with increasing dosages of supplementation to varying
extents, but more o With potassium jodate. The softer
texture was transformed to, a harder one, and finer
crumb grain to a.comparatively coarser one with the
addition of these improvers.  On the other hand there
was Nno alteration in these two characteristics when these
|mE_rovers were used as suoplple_ments In the optimized
baking formula. A deterioration of crumb grain was
due t0 the non uniform retention of gas owing to the
stiffness of dough which failed to expand uniformly.
The harder texture was the consequence of reduced loaf
volume and coarser crumb qram._ It 15 a well known
fact that the, doughs which fail to rise to a sufficient level
durln? proving produce smaller and stubby loaves with
hard textures, comparable with the present observations,
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Flours milled from five wheat varieties namely; ‘WG 357, ‘WG 377", PV 18", ‘K 227" and *S 308", were used for the study. The

proteolytic activity (H U/? %ofthe flours was very low and ranged between 1.5and 1.9. The effects of different levels of prof
hozymeA-4, papain and malt extract on the rheological properties of dough were studied using the

supplements consisting o

eolytic

mixograph and alveograph. Elévation in the mixing requirements of ‘K 227 flour with increased amount of the proteases com-

Bare with decreased mixing times of weaker flours e%
ut the strength of the dough as measured by the heig

strength of dough with no effect on the extensibility.” The baking stren

S 308" was noteworthy. Mixing tolerance was increased in all the flours
t of (he mixogram was decreased. Alveograms indicated a decrease in the

th was improved in some cases with lower dosages of the

supplements. Loaf volumes of various flours tended to increase, speciaﬁy with malt extract but the most significant improvement

was in the crumb grain, incin(];

were deleterious to the loaf volume as well as other characteristics and also the taste which turned

The activity of proteases jn wheat though reported as
quite low in Comparison with animal proteolytic enzy-
mes, nevertheless, is of considerable imporfance for
normalgluten behaviour ina dough. The use of proteoly-
tic enzymes In baking bread from strong flours assuméd
major Significance as the hakers b%%;an to replace malt
flodr supplements with fungal arfylases deficient in
proteasesl |t has been obsérved by Read and Haas?
and_ Yoshinaka and Shizunori3 that' the physical pro-
perties of wheat gluten were modiified by the actjon of
proteolytic enzymes causing_fluidity of” gluten In the
dough, “but. as Teported by "Pomerdnz et"al4. different
enzymes differ markedly in their effect on the rheological
and hal mg properties of flour. Bains and Irvingb re-
orted thaf the indigenous wheats produce short and
ight doughs as compared with the North American

eats and atfributed this phenomenon to the deficient
proteolytic acifivity and coagulation of gluten proteins
due to the higher temperatures during harvest.

Materials and Methods

The flour samples were the same as used by the
authorsoin an earlier study. Fungal grotease (Rhozyme
A-4) was obtained from M/s Rohm & Haas Co., US.A.
Papain from E Merck & Co., Germany and malt
extract from M/s Fleischmanns, USA. R oz%me A4
and p%)am vere added at levels of 0.0, 1.5 250 and
5,00 mg and malt extragt at levels of 0.0, 0.15, 0.30 and
0.45 g .on 100 g flour basis, in agueous solution form,

t AEQ, Clo The Chief Agricultural Officer, Ludhiana, Punjab.

properties and symmetry of loaves, desirable in commercial bakin%.

. Higher dosages of papain
itter.

All analytical and dough testing techniques employed
were esseritially the same as used earlier. Mixograph
was operated according to the procedure illustrated by
Kent-Jones and AmoS7 and the baking absorptions
were used for the purpose. AACC8 straq_t dough test
baking technique was adopted for. evaluating the effect
of proteolytic supplements in baking.

Results and Discussion N _
Effect on mixogram characteristics: - Mixogram para-

meters of different flours supflemented with “proteolytic
enzymes are shown in Table 1. The bakin / t|ﬁ<|n_g time
e increa-

ejthier increased or remained unchanged Wi
sing, concentrations of proteolytic Supplements except
for™S 308" with the increasing évels of various groteoly-
tic sug&lements,_ and for ‘WG 357" and ‘WG 377" whén
supplemented with malt extract. In these cases decreases
In mixing time were observed. The increase in mixing
time was very pronounced in the case of ‘K 277" flour
with Rhozyme A-4 as the proteolytic enzyme source,
|t was observed that in the case of comparatweI[)(]weaker
flours mixing requirement diminished. but on the gther
hand mixing; requirements Increased for stronger flours
like ‘K 227" having highest sedimentation value and
gluten. content. :
_Mlxm([;htolerance was enhanced to _varsy|rg]g (egrees
with all the supplements, for the varieties studied, ~The
effect was more elaborate in case of ‘WG 377" with malt
extract at 045 per cent level, where it increased from

259
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Table 1 effect of proteolytic supplements on mixograph curve characteristics of flours

Dosage*

Rhozyme Malt
A-4'& extract

Rhozyme A-4

time toler- deve

0p-

papain ance  ment

area

mg/loay ¢l00g min cm oz Cm2

WG37 o0 o0 34 62 130 287
125 015 32 62 1¥ 267

250 030 3 60 1% 210

500 045 36 61 134 293
WG37m o000 om 29 62 19 210
125 015 28 60 13 254

250 030 29 60 128 250

600 045 28 60 134 260

PV 18 o o0 25 56 140 223
125 015 26 55 150 260

250 030 25 56 140 243

500 045 25 55 149 237

K 221 0 o0 29 61 146 282
125 015 36 56 1l 294

250 030 37 55 183 326

500 045 40 55 150 334

S 308 o o0 L7 66 115 180
125 015 15 65 107 180

250 030 14 65 1o 170

500 045 15 62 15 190

*For respective treatments.

130 to 152°, The increase in_ mixing tolerance through
roteolytic supp lementation s obvious as it results in
tter dough develop ment which is able to resist break-

mgrdue 0 over wor to aﬁreat?r extent.

he change in the height o mrxograms was not
precrable exc ent for K 27’ in which it was reduced

w% roteolytic sJE) lements. Both ‘WG 377" and *K 227
en freated at extract at 0.15 per cent_level,
the heig htwasre uced to 5.2 ¢m from 6.2 and 6.1 cm

respectrvely In other cases either the herght decreased

a little or remained unchanged. The decrgase.in mixo-

%ram height may be attributed to the mellowing effect

f the proteolytic enzymes on wheat gluten, thereby
e uﬁmgathe strenqth of the dough and makrng It more
lable and extensibl

The variation In dough development area as measured
from mixograms wasa function of the variety and
supplement” and no generalization could be made.
Noteworthy results were obtained with PV 18" when
supplemented with malt extract and 'WG 357" with

Mixograph curve characteristics

Malt extract

Mixing Height Mixing DouPh Mixing Height errng Dough Mixing Height Mixing Doth
time develop- toler-  time toler-~ develop-
ment  ance ance  ment

, area _ area
min - cm 7° tm2  min cm 7° tm2
34 62 130 287 34 62 130 287
35 60 139 313 30 64 139 26.3
33 61 136 250 31 62 137 26.1
37 6l 132 343 32 63 136 285
29 62 129 210 29 62 129 210
30 62 131 282 28 52 151 23.0
32 62 21 306 24 55 149 210
27 63 13 51 24 53 152 200
25 56 40 223 25 56 140 22.3
26 56 47 260 37 55 144 29.0
25 55 47 235 33 54 153 28.3
25 56 145 246 35 55 148 325
29 61 146 282 29 61 146 28.2
36 56 %0 311 33 52 151 25.4
34 59 40 217 34 54 147 28.3
33 57 “ 212 36 55 143 29.3
17 66 115 180 17 66 115 18.0
5 70 121 164 14 67 120 15.0
14 69 121 167 14 65 127 16.4
14 68 123 164 13 68 113 134

paparn In these cases, the respective areas increased
rom 22.3 0 325 cm2 and from'28.7 to 34.3 cm2. The
rate of ough development decreased in all cases except
for “S 308" when treated with papain and malt extract
where there was a little increase. The decrease in rate
of dough. development was very much obvigus as, the
baking mrxrng times had increased and the height of the
mixograms reduced slightly.
The rate of dough weakenm? seemed to decrease with
the ncreased amount of proteolytic sup ement Upto
medium level, but generally mcreased with the highest
dosage. This trend Was I|abIe to variation due to varrety
and “nature of proteolytic enz¥me em o?/
behaviour was in accordance with the results obtarn
for increasing tolerance, ~ Since, Increase In mrxrn%
tolerance IS associatedl with a corresponding decrease |
ou[qh weakening rate and a decrease in the weakenmg
angle is a desirable characteristic in baking due to th
reduced risk of overmixing.

Effect on Alveogram characteristics: The alveogram
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Table 2. effect of proteolytic supplements on alveograph curve characteristics

Rhozymc Etvlalt extract

Variety Rhozyme A-4
8 (pam P A
mg /l 9/l00g mm - mm cm2
WG 357 (0]00] (0]00] 7 67 26.0
1.25 0.15 9% 7 365
2.50 0.30 63 78 26.4
5.00 0.45 54 75 475
WG 377 0 (0]00] 53] 93 4.7
1.25 0.15 8l 920 395
2.50 0.30 67 78 311
5.00 0.45 7 79 344
PV 18 (0]00] (0]00] 74 72 28.6
125 0.15 53] 8 255
2.50 0.30 76 65 26.6
5.00 045 80 67 214
K 227 (000) (000] 80 73 29.2
125 0.15 78 a 401
2.50 0.30 53] 76 340
500 0.45 56 76 26.3
S 308 00 00 %4 63 25.4
1.25 0.15 83 &6 25.0
2.50 0.30 64 67 216
5.00 0.45 78 63 206
*For respective treatments  L—Extensibility ~— P—Stability

parameters as influenced by vane and proteolytrc
supp lementation are wen i Tabl e Extensibility
ough as measured Yte length of the aIveo%raph
generally, varied a little with the addrtron of d| eren
Zyme supp lements to various flours. Only ‘WG 357°
wrt the lowest dosage of each supplement and PV 18
with the medium dosage of the supplements showed an
increase in_the doughextensibility over the respectwe

controls. The chanoe In extensibility of the douqh
brou ht about b¥ he softening effect of proteolytic
mes on wh

uten but excesshve breakdown of
en proteins make the dough short as has been
o served br)]/ Johnson and Miller9 and Krugerlu
The strength o dough. as measured by the height of t
aIveo ram was reduced wrth the increasing concentration
o su rpements In case of ‘K 227" and ‘WG 357" a
little Increase was observed in the height of the curves,
whrch vanished with the higher dosage. The clecrease In
h strength was obwous as the proteolytic enzymes

are nown or their me owrn effect on hucky doighs,

Wgascrssrono P rpetre onds therehy making the gliten  AACC

ker with shorter strands of protéins.

Alveograph curve characteristics

Papain Malt extract
P P

L L

mm mm ctm2 mm mm ctm2
5 67 26.0 6] 67 26.0
93 3 295 84 &% 283
80 &6 254 6 283
% 63 235 8 67 281
&8 93 417 &8 93 417
64 &) 320 47 7 20
60 79 293 60 2 253
58 74 2.53 44 m 245
74 12 28.6 74 IV 28.6
74 Il 303 10 67 26.7
8l 69 28.0 1 62 213
18 5 2.5 5 62 26
80 13 29.2 80 13 292
5 82 298 9% 82 292
3 m 321 53 13 240
&6 243 52 10 231
94 3 254 94 3 254
62 67 243 & 65 240
16 &6 231 94 5 234
6l 62 180 93 5 22

A—Baking strength

The baking strength expressed as area under the
f - alveograms increased In case of ‘WG 357" with the Iowest
dosage of the proteolytic su Iements and in case of
‘K 227 with lowest dosaeo meA4an pa arn
but geclined with the further |ncre g inth eamou
supplements, Malt extract had no effect on ‘K
in‘the remaining cases, the baking strength decreased
gradually. ‘The increase in baking Strengtii was through
increased extensibility of dough brought about with
I|m|ted amount of proteolysis "but on the other hand

|%er amount of proteolysrs diminished it.

ffect on baking quar Data in Table3|nd|catea
bene |cra effect of the srppements on oa vqumes
ou[%; noﬁ well markeﬂ all cases. 7" flour
supplemented with 2.5 mg per cent of Rhoz me
?ave a loaf vqume of 580 agarnst 555 ml of the
cont ol. ‘WG 377, PV 18 and ‘S 308" wheats also gave
Ioaves with increased volumes wrth the increased dosages
of the enz me Varie K 27 however, showed no
responset hozyme A-4 supplementation. ~Using, the
straight dou h method with 05 per cent adoed
malt extract the efféct of Rhozyme A-4 was somewnat
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Table 3. EFFECT OF PROTEOLYTIC SUPPLEMENTS ON LOAF VOLUME OF DIFFERENT FLOURS
. Dosage* Loaf volume (cc)
Variety . .
Rhozyme A-4 &  Malt extract Rhozyme A-4  Rhozyme A-4 with Papain Malt extract
papain mg/100y 9/l00g 0.5% malt extract
WG 357 00 0 555 545 568 555
1.25 0.15 560 563 565 545
2.50 0.30 580 545 585 565
5.00 0.45 565 540 580 570
WG 317 00 0 435 463 485 435
15 0.15 455 470 505 470
2.50 0.30 465 4718 480 475
5.00 0.45 495 490 468 510
PV 18 0 0 420 473 483 420
15 0.15 455 470 480 450
250 0.30 460 473 493 470
5.00 0.45 475 480 440 475
K 227 0@ 0@ 515 498 525 515
1.5 0.15 515 515 510 520
2.50 0.30 515 515 495 520
5.00 0.45 520 518 440 520
S 308 0 0@ 410 445 465 410
1.5 0.15 430 463 465 450
250 0.30 430 458 470 440
5,00 0.45 450 473 465 445
C.D. (5%) 159 11 5.7 194

*For respective treatment.

obscured. There ar%Jears to be interaction of the variety
to malt extract and Rhozyme A-4 supplements. The
volumes of control loaves of different varieties increased
due to malt extract supplementation, as by Rhozyme
A-4 treatment, of some of the varieties, “suppo mg
involvement of proteolytic enzymes of malt, " Ther
as a deleterious effect of papain on the loaf volume of
K 227" In contrast to the loaf volumes of the remamln(t;
varieties which showed no su%h_ fleflnlte tﬁnd. Mal
extract supplementation had 4 fairly good effect on |oaf
volumes. "The increase in loaf volumg was the result of
better gas retention due to the formation of elastic gough
as revealed by the rheological measurements with Chopin
alveograph. ~ The more pronounced effect with the adi-
ditiort of malt extract may be ascribed fo increased gas
Bro_ductlon due to the diastatic nature of the supplemént
esidles being a source of proteolytic activity. Statistical-
Ia/the differénces in loaf volume”on account of different
_osa%es of proteol¥_t|c supplements, were found to be
significant and heneficial in all cases except that of papain,

0se effect was celeterious. L

The crumb grain and texture were definitely improved
to varying degree in loaves of various test flours on

proteolytic enzyme supplementation, with the exception
of papdin where both crymb texture and grain recorced
deterioration. ~ Presumably, improvement in grain is
brou?ht about through uniform retention of gas s a
result of increased elasticity of dough as evidénced by
the alveograms, whereas improvement in texture wes
the result”of uniform and fine grain to%ether_wnh In-
creased volume.  There was n tangible ¢ an%_e in crumb
colour as a result of proteolytic supplementation.
There was considerable improvement in the shcmg
quality of loaves treated with proteolytic enzymes excep
for hlﬁher dosages of papain. The improvemeént in slicing
was the result of improved gram structure and comparg-
tively softer texture, As exCessive dosages of proteolytic
enzymes damage the grain structure “and harden ‘the
texture, so there was deterioration in slicing quality of
loaves. with higher levels of papain. The ifmprovernent
In slicing quality is @ highly desirable feature_ in bread
production. The results ot this investigation point to the
advantage of using the proteolytic stipplement for this
purpose; _ _
e loaves produged with proteolytic enzymes showed
smooth external finish and shredding was ‘more or less
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variety dependent. The loaves were more attractrve |n References
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Proteins from the casein, rennet and Paneer whek/ systems of both buffalo and cow milks could be effectively precipitatedby tbe
application of Ferrrpolyphosphate Whey proteins of buffalo milk were found to be more susoegtrble to “precipitation under
the influence of “ Ferripolyphosphate” comgared to those of cow milk. The final product obtained Fthrs process was observed
to be white, fluffy powder containing about 51.25 to 53.18 percent proteins and 11.16 to 15.11 percent iron. While the products
obtained from the casein and rennet whey systems were electrophoretically similar, they differed considerably from those obtained
from the Paneer whey systems. Chromatography on Sephadex G-75 showed that the process employed alters the elution profile
of whey protein companents.

PreParatron of Ferrrpolyghosphate FPP a liquid Materials and Methods
com ex of ferric ions with'a long chain poly dDhOSBI ate . Samples, of milk and whey were obtained as described
avrn Fe;P ratio of 1:12 has b een escrre in an earlier communicationd. Moisture and_ fat were
etall This preparation has been found to e verye ec estrmated accordrn([; to the Maéonnrer modificatigns,
t|ve for the precrprtatron of proteins from commercial ~ Phosp horus was estimated accor |an1 to the method of
acid wh eg )Bt e cold preci |tat|on technique-.  The Meo] Smithe,  Iron wi afesfrma ed colorimetricall
groduct 0 dbtained has been. shown to contain about eAOAC method. Ké dahl nitrogen was estimate
0 percent rotern 10 percent iron and 13 percent phos- suggeste P)(/;McKenzre Electrophoresis was carried
P rus in hrgh y assimilable form3, On the basis of out by the D Etechnlque of Mathur and Srinivasand,
hese reports, |t was felt that FPP could also function as Chromatoqrao g Sephadex G-75 was performed
protern precrprtant for the whey systems available to the — according T th method uggested bg McKenzie§ usrng
ry indlustry in India. This Investigation was, there- a column of size 84 cmx2,6°cm.~ FPP was prepared b
ore undert en {0 study the conditions required for the method of Jones et al2
isolation of proteins from casein, rennet_and Paneer  Isolation of whey proteins: Samples of whey were
whey systems of buffalo and cow milks and to arranged in ten Iots 100 ml each Suffrcrent mount

evalCiate certain aspects of the quality of product so of FPP was added so as to provide ferric ion concent-
obtained. P fually ot p ratron of 001 to 0.10 M at r}egular intervals of 0.0 M
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The pH of the mixtures was then adjusted to 35 with
(L:4) hydrochloric acid. Precipitated proteins were then
centr_lfu%ed out at 5,000 g for 15 min. Proteins remain-
mg in The supernatant” were estimated by Kijeldah
nitrogen and protein components examined électro-
Phoreﬂcally by the DPGE technique. . Precipitated pro-
eins were”suSpended in 10 ml of distilled” water ‘and
dialyzed against distilled water for 24 hr at 4°C, with
six ‘changes of water. Dialyzed proteins were freeze
dried and’ preseived for further analysis.

Results and Discussion N

A screening test was carried out, for determining the
requirement of FPP for the Brempnatlon of Pro eing
from the casein, rennet and Paneer whey systems. of
buffalo and cow milks. The amount of proteins precipi-
tated at different levels of added FPP from different whey
systems of buffalo milk is illustrated in Fig. 1
Protein precipitation from casein whey. With the
increase In'amount of added FPP, there Was a progres-
sive Increase in the level of reu(pj»tated roteins from the
casein whey of both buffalo and cow, milks. 1t may be
inferred from Fig. 1that for the precF|p|tat|on of 9% per-
cent of proteins, requirement of FPP was 0,048 and
0.056 Mas Fe for casein whey systems of buffalo and
cow milks, respectively.

PERCENTAGE OF TOTAL WHEY PROTEINS PRECIPITATED

teonslsessiSUFFALO WHEY
A \CO W WHE ¥

i
1

NDLES CF Fet-++ FROVI FERRIPOLYPHOSPHATE COVPLEX

Fig. 1. Graph illustration of the effect of different levels of
ferripolyphosphate complex on the precipitation of whey
proteins from buffalo and cow milk whey systems

" 1 s L
[o] oo [sX o} 13 004 co5
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CASEIN WHMHEY

RENNET WHEY

PANEER WHEY

M—&_

SUPERNATANT PREC'PITATED PROTEINS

Fig. 2. Partition of buffalo_ whey protein components in the
supernatant and precipitatéd proteins under the influence
of ferripolyphosphate complex

Electrophoretic studies of the protein components
present In the supernatant and precipitated proteins
Inglicated that almost all components are precipitated
effectively under the influence of FPP FHg. 2 and 3)

Proteiri precipitation from Rennet Whey.  Similar to
the casein whey, there was ohserved a progressive in-
crease in the amount of proteins preugntat_ed as the level
of added FPP was increased up to 0.03 M iron.  Further
addition of FPP did not brin about_{JroportlonaI in-
crease in the amount of proteins precipitated. It may be

T N

RENNET WHEY

PANEER WHEY

P &,
C JHITHAN PIECINIEED PIOETS
Fig. 3. Partition of cow whey protein components in the

supernatant and proteins under the influence of ferri-
polyphosphate complex
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Table 1 gross composition of wpi prepared from different
WHEY SYSTEMS OF BUFFALO MILK BY THE APPLICATION OF "FPP”
FOR COLD PRECIPITATION

Constituent Casein whey Renn(et Slvhey Paneer whey
........... %)....
Proteins 51.25-;0.44  52.18J-0.73  52.67J-0.88
Fat nil 0.03J-0.01 0.03J-0.C0
Ash 4436)-0.76  42.95)-0.24  41.12]-0.46
Moisture 3.20£0.00  3.17J-000  3.46J-0.00
Iron 15.11)-0.68  1329J-0.54  11.16J-0.62
Phosphorus 2431J-038  2211)-0.68  21.19J-0.51

inferred from Frg 1 that for the Precrprtatron of %

[ _cent proteins from the renne systems of

ufflo and cow milks, the requirement of FPP was

036 and 0.056 M iron respectively:

DPGE studies of the supernatant and precrprtated
proteins_ indicated that all components of proteins
present | mthe rennet whey systems of both buffalo and
cow milks were equa F;ﬁ)susceptrbe {0 precipitation
unger the influence of F

Protein Precrprtatronfrom Paneer Whey As may be
observed from Frg proteins present”in the Paneer
whey system of both butfalo and cow mylks were pre-
crpr ated to a greater extent compared to those of casein
an rennet ¥systems Specially at the lower levels

of added Or preci |tat|on 0f % percent proteins
from Paneer Xsystem the requirement of FPP was
found to be 0,030 and 0.035 M as Iron for the buffalo

and cow milks, respectively.

Electrophoretic studies of the su ernatant and preci-
pitated proteins indicated that all the protein com-
Bonents present in_the Paneer whey systems of both
uffalo and cow milks could be effectively precipitated
under the influence of added FPP,

From the data obtained during the course of this in-
vestigation, it was opserved that irrespective of the whe
Ystem whey proten components of buffalo milk were

more_susceptible” to precipitation unger the

in uence of FPP compared to those of cow milk. In

Table 2. gross composition of whey protein isolates prepared
FROM DIFFERENT WHEY SYSTEMS OF COW MILK BY THE APPLICATION
OF “FPP" FOR COLD PRECIPITATION

Constituent Casein whey Renn?t)/v;/hey Paneer whey
........... 0)..
Proteins 52.68)-0.52  52.79J-0.38  53.19J-0.42
Fat nil 0.01J-0.00  0.02J-0.C0
Ash 41.79J-0.66  41.39£0.62  42.41]-0.64
Moisture 3.10J-0.01 3.220.01 315J-0.00
Iron 12.82)-0.46  13.10J;0.87  12.71-J0.31
Phosphorus 22.12)-0.33  22.09J:0.62  21.29J-0.71
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this manner the requrrement of FPP for the precipitation
of equivalent amouts of proteins from whey systems of
burLan milk was slightly less compared to t ose of cow

Recovery of whey proteins by other processes em
Rloym sodium hexametaphosp hate4 C C and alco-
ofsI0as been reported t0 range hetween ahout 55 and
80 percent. Based on these reports, application of FPP
appears to be a comparatively su enor process Com-
araple levels o rotein recove ave been attained b
lock and Bolling1L by the appl ication of ferric chloridg
However, the product obtained by the application of
ferri chlcinde has been reported tobe creamish to dark
tan in colour

Composition of '"Wheg Protein Isolates” {WPIQ obtain-
edfrom different whey Systems:  Gross composition of
WP obtamed from different whey systems Is given in
Tables Land 2. It maybeobservd at WPI obtained
by using FPP \were particularly hrgh in the ash content,
In vrew o the hl%? Iron cqntent, stich preparations may

be consid ere to ofconsrderable Interest for the fortifj-
catron 0 foo swrt rotern an iron. I bioassay, such

has heen foun 92 to 100 percent efficient
reIatrve to ferrous squhate In restoring hemoglobin
levels of iron-depleted rats and chicks3, However, ash
content of WPI prepared by hexametaphosphate comp-

. FRORN DAE FO/CENWHE

PROTEIN (SOLATE FROM RENNET WHEY

PROTEIN ISOLA

~BSORBAMNCY
w

" ORIGMAL wHEY semememns
Fig. 4. Elution profile of whey protein |solates obtained by
cold ‘Jrecrprtatron with Ferripolyphosphate comEIex from
buffalo milk whe?il sévstems on Sephadex G-75 column

(2.6x84 cm) at p



266

PROTEIN ISOLATE FROM PANEER WHEY

ABSORBANCY AT 280 nm.

A

!
- {
{RL/
[ ]
)
700 766 30 260
ELUTION VOLUME (ml)
ORIGINAL WHEY eesevese
WP 1—
Fig. 5. Elution profile of whey protein isolates obtained by cold
precipitation with ferri oli/]phosphate complex from cow
milk whey systems on Sephadex G-75 at pH 6.3.

lexing, ferric ion co_mple_xing, CMC complexing, alcohol
Rrempnatlon, Gel filtration and Ultra filtragion processes
aﬁ been re[ported to be comparatively quite low in the
ash content10-12 _
Flectrophoretic benaviour of WPI: _The effect of the
cold precipitation process by using FPP on the native
Propernes of whey grotems was evaluated by studyin
he electrophoretic behaviour of WP ﬁ/lv% 2 and 3.
It was observed that the components of whey Frotems
present In the whe}/_ systems and the WPI “displayed
Similar eIect_roPhore ic ‘mobilities. It appears that ‘the
process of isolation employed In this Study does not
affect the electrophoretic behaviour of whey protein
components.  Further, it was observed that “the WP
obt?med from lt)?e c?sej_n aﬁd rte_nnlelt wge s 1Lsftem@sl Wiere
uite comparable eleciiophoretically. but differed con-
gderably Prom the V\IPIpo tained };‘rom Paneer whey
systems.” These differences are attributable to the differ-
ent state of whey proteins present in Paneer whey as a
result of heat tréatment (90°C) given to milk for manu-
facture of Paneer, _
Chromatographic behaviour of WP1 on Sephadex G-75:
The elution profile of WPI obtained from various whey
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ayst_ems using FPP (F\ll%éland was found to be quite
issimilar from_the vihey protéin profile of different
whey systems. The distribution of proteins under differ-
ent pedks was altered considerably both in the case of
buffalo and cow milks. These obsérvations indicafe that
when whgy fProtems are precipitated under the influence
of FPP, different components of whey protein undergo
certain’ molecular rearrangements. ~ "These changes
became apparent when WPI were eluted at pH 6.37in
Imidazole-HC|_buffer ﬁ:0.043). .

However, dlfferentP conditions, fonic strengths and
resolving forces applied during the DPGE stackmg
oel 5 pér cent olg acrylamide, pH 6.0, 1=0.013 an
running gel 7.5 per Cent poly acrylamide, pH 8.9,1=0,44)
seem t0 Overcome the protein—on-protein interactions
observed during chromatQ(tlrath on. Sephadex G-75
and appear as Separate entities. 1n this manner, differ-
ences |n the Sephadex chromatoprahic and electrophore-
tic behaviours maY be attriouted to different state of
equilibrium of WP components with respect to the pH
jonic strength and resolving power of the two analytical

systems.

y\/\/PI obtained by employing FPP different whey systems
of both huffalo and “coiv milks were observéd “to. ke
white fluffy powders with moglerately good solubility
in water. "Based upon the quality of product obtained
and good recovery of proteins” from different whe
systerts, this process seems to have potential for pilo
scale operations,
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