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FOSSUM, KARE and BJARNE UNDERDAL : Irradiation of ch icken
egg white. I. Effect on proteinase inhibitors. Acta vet. scand. 1973,
14, 118-128. - Commercial ovomucoid trypsin inhibitors (OMTI) and
egg white were exposed to various doses of gamma irradiation, using
a cobalt-60 source . The inhibitory activity of non-irradiated and
irradiated samples on bovine trypsin was tested by the Kunitz method
(Kunitz 1947). The activity of the inhibitors was shown to decrease
exponentially with increasing radiation dose. The Dro for OMTI was
0.6 Mrad and for the trypsin inhibitors in the crude egg white diluted
1 : 5 in saline 3.0 Mrad under the conditions used. The activity of the
non-irradiated and irradiated inhibitors upon various animal, micro
bial and plant proteinases was also determined by using the cross
wise casem precipitating inhibition test (crosswise CPI-test) (Fossum
1970a) . By this method, which is more sensitive than the Kunitz
method, trypsin inhibitory activity in egg white could be detected
after exposure to an irradiation dose of 9 Mrad. No inhibitory activity
could be found against any enzyme after an irradiation dose of 15
Mrad.

Irradiation as a preservation method for egg and egg products
is discussed.

irradiation; preservation; enzymes; trypsin ;
i n h i bit 0 r s; res i s tan c e.

In addition to being perishable foods, chicken egg and egg
products are often transmitters of pathogenic organisms, such
as salmonella. As international trade with egg products increases,
the transmission of diseases by such commodities tends to be
come an ever-increasing problem. The conventional heat pasteuri
zation and sterilization have unfavourable effects on some of
the properties of these products, for instance, consistency. The
need for new and suitable preservation methods for extending
the shelf life and, even more important, making the product
bacteriologically safe, is therefore evident. During recent years
much effort has been concentrated on the application of ionizing
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radiation to the preservation of food (IAEA. 1963). The effects
of irradiation on different salmonella bacteria in eggs, and some
other products, are relatively well known (Thornley 1963, Under
dal & Rossebe 1972) . On the other hand, insufficient knowledge
is, at present, available concerning the effects on bioactive sub
stances, as well as other chemical, biochemical and physico
chemical changes caused by the irradiation of food products.

The aim of the present work was to study the influence of
irradiation on the naturally occurring proteinase inhibitors in
egg white. Like enzymes, these inhibitors are biologically active
proteins, or proteinous compounds, the activity of which can be
affected by chemical and physical influences (reviewed by Vogel
et al. 1968). The influence of ionizing irradiation on such in
hibitors has not previously been reported. Although inhibitors
are not known to have biocatalytic activity, some of them are
highly specific in inhibiting only one, or a few, enzymes. Know
ledge of the fate of biologically active principles in food caused
by the different preservation methods is con sidered to be of
general importance as these components may have an influence
on the shelf life of the products as well as on the digestive pro
cess in man and animals. Furthermore, such components may
be used as indicators when testing the influence of physical and
chemical treatments on food and feedstuffs.

MATERIALS Ai'lD METHODS
Inhibitors

Chicken egg white was aseptically collected from fresh eggs. The
egg white was diluted 1 :5 with saline before being transferred, in
aliquots of 1 ml, to thin-walled l-ml glass ampoules.

Trypsin inhibitor from ovomucoid (chicken egg white,
type 11-0, lot 27B-8500) was obtained from Sigma" , A solution of 2
mg/ml in saline was placed in glass ampoules for exposure to irra
diation.

The sealed ampoules were stored in an ice bath before, during
and after the irradiation.

Enzymes
The following enzymes were obtained from Sigma: Trypsin from

bovine pancreas (Type III, 2 X crystallized, lot 97B-8()'()0), ex-chymo
trypsin from bovine pancreas (Type II , 3 X crystallized, lot 86B
0470) , protease from Bacillus subtilis (Type VIII, crystallized, lot 17B-

• Sigma Chemical Company, St. Louis, Mo., USA.
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2770), protease from Aspergillus oryzae (Type II , crude, lot 1320), ficin
from fig tree latex (2 X crystallized, lot 119B-475O). Trypsin from
hog pancreas (crystallized, batch No. 36467) was obtained from Koch
Light Laborator-ies". Proteinases from Bacillus cereus and Coryne
bacterium pyogenes were prepared as described by Sandvik (1962).

Irradiation
The irradiations were carried out at the In stitute of Atomic

Energy, Kjeller, Norway, using a cobalt-60 source. The activity was
32,000 Ci giving a maximum dose rate of 750 krad per hr. The ab
sorbed dose was determined by placing perspex, Red-400 dosimeters
together with each sample (Thomassen 1970) . The dose range was
from 0.5 Mrad to 15 Mrad,

Assay of inhibilory activity
A slight modification of the casein digestion method of Kunitz

(1947), as previously described by Fossum (1970a), was used to de
termine the activity of the inhibitors against bovine trypsin. Tris-HCl
buffer, 0.5 M, pH 7.0, 0.3 ml, and distilled water, were added to the
tubes to give a final volume of 1 ml, after addition of the enzyme in
the absence, or presence, of inhibitor-containing materials. The en
zyme-containing solution, without inhibitors, with non-irradiated in
hibitors, or with inhibitors exposed to various doses of irradiation,
was routinely incubated in a water bath for 2 min. at 37°C, aft er
which substrate (1 ml of a 2 % solution of casein of Hammarsten
quality in 0.1 M phosphate buffer, pH 7.6) was added to start the
reaction. After 20 min., the reaction was stopped by adding 3 ml of
a 5 % solution of trichloroacetic acid (TCA). The activity of the
enzyme was determined by reading the absorbance of the supernatant
at 280 nm using a Beckman DU spectrophotometer. The inhibition
percentage caused by various amounts of the inhibitor-containing
materials was calculated for each series of non-irrad iated and irra
diated material, and the results plotted as shown in Figs. 1 and 2.

An amount of trypsin resulting in a final optical density of 0.500
0.600 nm in the abscence of inhibitor under the conditions described,
was used (0.025 ml of a 0.1 (/ 0 solution in distilled water).

The inhibitory activity was also tested by the agar casein pre
cipitating method (CP-method) of Sandvik adapted for the deter
mination of proteinase inhibitors, as in the crosswise casein pre
cipitating inhibition test (Crosswise-CPI test) (Fossum 1970a). Filter
paper strips (Schleicher & Schull No. 2043 bmgl) moistened with the
inhibitor-containing material were placed on an agar layer (2 mm
deep) containing 1 % sodium caseinate (pH 6.5) in 1.4 % agar (Bacto
Agar, Difco), with 0.01 % merthiolate and 0.003 M-MgCl

2
, and in

cubated for about 3 hrs. at 37'C. After removal of these strips, similar
strips moistened with solution of the proteolytic enzymes to be used
were applied to the surface of the agar at right angles to the direction of

• Koch-Light Laboratories Ltd., Colnbrook, Bucks., England.
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application of the inhibitors. In the case of ficin , sulfhydryl activators
were incorporated in the enzyme solution. The tightly covered plates
were incubated at 37°C for 6--18 hrs, Proteolytic activity is indicated
by white zones in the clear agar, while inhibition is indicated by
interruption of the white precipitation zones, or by a certain degree
of narrowing of the white zones, depending on the inhibitory ac
tivity, in the region where application of inhibitor and enzyme over
lap (Figs. 4, 5) . Enzyme concentrations corresponding to 10-100
CP-units per 0.025 ml were usually used (Sandvik).

The inhibitory activity was tested 24-48 hrs. after the irradia
tion.

RESULTS
Preliminary irradiation experiments, using undiluted egg

white, showed that coagulation occurred at doses lower than
those necessary to inactivate the inhibitors. The influence of
different irradiation doses on the activity of the trypsin inhibi
tors in egg white and OMTI is shown in Figs. 1 and 2. The in
hibition was linear with respect to the amount of inhibitory
material in the area investigated up to 70 % inhibition. The
amounts of inhibitors in the non-irradiated egg white and in
OMTI equivalent to the amount of enzyme used were found by
extrapolating the lines to 100 % inhibition (Fossum 1970b). The
percentage of inhibitory activity of the irradiated material caused
by this amount was read from Figs. 1 and 2, and the logarithm
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Fig u r e 1. Percentage of inhibition of bovine trypsin (0.025 mg)
by non-irradiated and irradiated egg white as determined by the

Kunitz method.
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Fig u r e 2. Percentage of inhibition of bovine tryp sin (0.G25 mg)
by non-irradiated and irrad iat ed OMTI as determined by the Kunitz

method.

122

/00

90

80 ' x

70

60

SO
<::
0
;:: '0
iii
J: 30
:?:

20
lu
'-' /0
ll:
lu
"-

2

of this acti vity was p lott ed against the irradiation dose a s show n
in Fi g. 3. The inhibitory activi ty was shown to decrease exponen 
tially with increasing radiation doses. The D, O for the trypsin
inhibitory activit y in egg wh it e was 3 Mrad, and for GMTI 0.6
Mrad .
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F i g u r e 3. The logarithm of the inhibitor y activit y percentage of
non-irradiated and irrad iated egg white and OMTI read fr om Figs. 1
and 2, plotted against the irradiation dose. (Activity of non-irradiated

material equals 100 0/0 ).
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Fig u r e 4. Crosswise CPI-test with different dilutions of non
irradiated chicken egg white. The dilutions are (from left to right
as marked by arrows): 1 : 5, 1 : 10, 1: 50, 1: 100, 1: 2-00, 1: WO, 1: 1000.
Enzymes are (downwards): Swine trypsin (0.005 mg per ml) , a.-chy
motrypsin (0.005 mg per ml) , proteinases from: Bacillus cereus, Bacil
lus subtilis (0.001 mg per ml), Aspergillus oryzae (0.03 mg per ml),
Corynebacterium pyogenes, Pseudomonas aeruginosa, and ficin (0.05

mg protein per ml) ,

Figs. 4 and 5 illustrate the inhibitory activity of non-irra
diated egg white, and egg white exposed to 4 Mrad, respectively,
upon various proteolytic enzymes as investigated by the cross
wise CPI-<test. Non-irradiated egg white gave a zone of inhibition
for some enzymes at dilutions up to 1 :500, while in egg white
exposed to an irradiation dose of 4 Mrad, inhibition could be
registrated up to a maximum dilution 1: 100. The highest dilu
tions of egg white, non-irradiated and irradiated, resulting in
zones of inhibition, are shown in Table 1. It can be seen that
inhibitors against trypsin can be demonstrated after exposure to
irradiation doses up to 9 Mrad, and inhibitors against B. subtilis
proteinase even after 12 Mrad.
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F ig u r e 5. Crosswise CPt-test with different dilutions of chicken
egg white exposed to an irradiation of 4.0 Mrad. The dilutions and

enz ymes used are the same as in Fig. 4.

Tab I e 1. The reciprocal of the highest dilution of egg white, exposed
to various do ses of irradiation, resulting in zones of inh ibit ion of

different proteolytic enzymes, using the crosswise CPt-test.

Doses of Irrad iation (Mr ad)

Enzymes (O ri gi n) 0.0 0.5 1.0 2.5 4.0 6.0 9.0 12 .0 15.0

Trypsin (Swine) 500· 200 2,00 200 100 10 10 O' • 0
«-Chymotrypsln 200 50 50 10 0 0 0 0 0
Bacillus ce reus 50 10 5 0 0 0 0 0 0
Bacillus subtilis 500 200 200 200 100 10 10 5 0
Aspergillus oryzae 500 200 200 100 50 10 5 0 0
Corynebacterium pyogenes 50 5 5 5 5 5 0 0 0
Pseudomonas aeruginosa 200 10 10 5 5 0 0 0 0
Ficin 50 50 10 0 0 0 0 0 0

• The egg white was diluted 1: 5, 1: 10, 1: 50, 1:100,1:200,1:500,
and 1: 1000 in saline.
0: No inhibition observed in egg white diluted 1: 5.
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DISCUSSION

Many of the naturally occurring proteinase inhibitors are re
markabiy resistant to heat (Lineweaver & Murray 1947, Lasko»
ski & Wu 1953, Green 1957, Kiermeier &: Semper 1959/60,
Asfrup & Nissen 1964, Ryan 1966, Fossum & Whitaker 1968).
OMTI is thus reported to have about 50 % of its trypsin-inhibi
tory activity left after heating at 100°C for 30 min. at pH be
tween 3 and 7 (Lineweaver & Murray) . Some enzymes, such as
trypsin, are also rather heat stable. The inhibitors, like most
enzymes, should also be expected to be more resistant to irra
diation than microorganisms. The present work shows that the
inhibitors in egg white are not completely inactivated even by
doses normally used for sterilization. As can be seen from Fig. 3
the DI O for the trypsin inhibitors in egg white is much higher
than for the purified OMTI. Using the Kunitz method, inhibitory
activity could not be demonstrated in egg white or in the OMTI
solution after an exposure exceeding 6 and 1 Mrad, respectively.
The marked difference between the influence of irradiation on
purified inhibitors, and inhibitors in the crude material, is in
agreement with similar experiments made with enzymes. Dahle
& Vnderdal (1972) found a protective eff eot of protein in irra
diation experiments with proteolytic enzymes from Aeromonas
liquefaciens. In the present study the protein content in the
irradiated OMTI solutions was 0.2 %. In the diluted egg white
solutions the total protein content was approx. 2 % of which
OMTI constitutes about 11 %, or a liWe more than 0.2 % of the
total protein (Board 1969) . Thus the amount of OMTI should
be approximately the same in the purified OMTI solutions and
in the solutions of egg white exposed to irradiation. It must be
emphasized, however, that the crude egg white also contains
other trypsin inhibitors, such as the ovoinhibitor (Mafsushima
1958). The trypsin inhibitory activity in egg white was thus not
caused by OMTI alone, and a direct comparison between the in
fluence of irradiation on the inhibitory activity in the two sy
stems could, therefore, give deceptive results.

From Figs. 4 and 5 and Table 1 it can be seen that trypsin
inhibitory activity in chicken egg white could be detected after
exposure to 9 Mrad by the crosswise CPI-test. This is in agree
ment with the greater sensitivity of the latter method in com
parison to the Kunitz method (Fossum 1970a) .
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Five electrophoretic distinguishable inhibitors have been re
ported in chicken egg white, each with a special inhibitory spec
trum (Fossum 1970c). It can be seen that inhibitors affecting
enzymes other than trypsin are also inactivated by irradiation
in the same way as the trypsin inhibitors. Inhibitory activity in
1 :5 dilutions of the material tested could not be demonstrated
against any enzyme after an irradiation dose of 15 Mrad. How
ever, irradiation of whole egg white, or egg powder, would prob
ably reveal that the inhibitors under 'these conditions are even
more stable towards irradiation than reported here. The high
resistance of these inhibitors to irradiation may be considered
as beneficial when taking into account their eventual antimicro
bial activity (Board) and their protection against decomposing
proteolytic enzymes. Unlike the soy bean trypsin inhibitors, the
inhibitors in egg white do not seem to be related to undesirable
phenomena in food such as insufficient digestibility and utiliza
tion of the protein, pancreas hypertrophy, increased enzymatic
activity in the intestinal content etc.

The fact that irradiation of undiluted egg white above 3-4
Mrad caused visually observable physical changes of the product,
such as increased viscosity, could be the limiting factor for
complete radiation sterilization of liquid whole egg and egg pro
ducts.
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SAMMENDRAG
Bestralinq av Iumseeqqelioite I. Virkn ingen pa proteinaseinhibitorer.

Kommersiell ovomukoid trypsin inhibitor (OMTI) og eggehvite
fra henseegg ble utsatt for Iorskjellige doser av gammastraler fra en
kobolt-60 kilde. Aktiviteten av inhibitorene i ubestralt og bestralt
materiale ble undersekt overfor bovint trypsin etter Kunitz metode
tKunitz 1947). Den inhibitoriske aktivitet avtok eksponensielt med
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ekende straledose, Under de gjeldende Iorsoksbetingelser var D
10

for
OMTI 0,6 Mrad og for trypsininhibitorene i ra eggehvite fortynnet 1: 5
i fysiologisk saltvann var D

10
3,0 Mrad. Aktiviteten av ubestralte og

bestralte inhibitorer overfor forskjellige animalske og mikrobielle
proteinaser samt overfor ficin, ble ogsa undersekt ved A benytte den
kryssvise presipitasjonsinhibisjonstest (kryssvis CPI-test) (Fossum
1970a). Ved denne metode, som er mer sensitiv enn Kunitz metode,
kunne inhibitorisk virkning overfor trypsin pavises i eggehvite etter
en straledose pa 9 Mrad. Etter en bestraling pA 15 Mrad kunne en
ikke pavise noen hemmende virkning overfor noen av de undersekte
enzymer,

Bestr-aling som konserveringsmetode for egg og eggprodukter er
diskutert.
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