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ELECTRON BEAM IRRADIATION OF FRESH HIDES, SALTED
HIDES AND LEATHER. MICROBIAL CONTROL AND EFFECT
ON PHYSICAL PROPERTIES.*

Abstract

This study is the first report of the effects of electron beam irradiation on
the physical properties and microbial activity on fresh and brine cured
cattlehides. The results were similar to those found on treatment of raw skins
with gamma irradiation which had previously been reported by several
laboratories. Samples of fresh hides, brine cured hides and chrome tanned
crust leather were irradiated with an electron beam at levels up to 60 Mrads.
At a level of 5 Mrads of irradiation microbial activity on fresh hides was elimi-
nated for 28 days. There was a loss in tensile strength and ball burst compared
to the control at this level of irradiation. Irradiation of chrome tanned crust
leather containing 55 percent moisture at 20 Mrads caused a severe loss in
tensile strength relative to the controls. Leather with a 16 percent moisture
content had less damage.

Introduction

An economical and reliable alternative to salt for the preservation of hides and skins
has been a research objective of the hide and leather industry for several decades. Many
non-salt chemical and physical methods of preservation have been proposed but none
have achieved widespread commercial use. Salt curing with saturated salt brine is the
method of choice to cure hides. Brine curing is economical, relatively reliable and can be
accomplished without sophisticated equipment. Brine curing, however, also has limitations.
These include increased effluent pollution for both the tanner and hide processor, the
corrosive nature of concentrated salt solutions, the difficulties associated with shipping
salted hides, and a reduced area yield and lower grain quality in the finished leather
compared with fresh hides. Nevertheless only a significantly cheaper preservation method
or regulation of salt pollution is likely to change current practice.

Several papers have described the treatment of hides and skins with gamma radiation
for the purpose of preservation. The major technical limitation of this treatment was the
physical damage to the structure of the skin caused by the irradiation. Bowes and Moss
(1) irradiated collagen powder from limed oxhides, wet and dry, at 5 and 50 Mrad of
gamma radiation. Changes in X-ray diffraction pattern, solubility and physical properties



indicated extensive alteration of molecular structure and breakdown of the collagen to
lower molecular weight units. Damage was greatest when the material was irradiated while
wet. Strakhov et al. (2) irradiated salted sheepskins with gamma radiation at levels from 1
to 10 Mrad. At the highest levels, shrink temperature and tear resistance decreased while
bonding of the wool to the skin increased. Pietryzkowski et al. (3) irradiated raw calfskins
with 2.5 to 3 Mrad and reported preservation as effective as salt curing. The radiation
killed all of the living bacteria and their spores. He further claimed that the irradiated
skins retained their resistance to bacteria. It was not clear how the hides were held after
treatment. There is no reason to expect that there would be a residual preservative effect
due to irradiation. When Strakhov et al. (4) irradiated raw hides using 100 Mrads of gamma
radiation hide decay was inhibited for up to 15 days at 18 to 20°C. No mention was made
of the physical condition of the hides. When he irradiated wet salted sheepskins with 0.5
Mrad gamma rays from a Cobalt > source, he found no adverse effect on the hides stored
in a warehouse for 6 to 8 months. Irradiation of hides in the presence of 0.7 percent
formaldehyde was also shown by Strakhov and Kolarkova (5) to be effective in holding
hides for two months without deterioration. Irradiation of leather containing 8.0 percent
moisture caused a measurable change in tensile strength even at a dose of 1.5 Mrads.
DuPlessie et al. (6) reported that the addition of antiseptic to green hides prior to treatment
with gamma irradiation reduced the dose required to achieve one month preservation.
This would also be expected to reduce any physical changes to the hide due to irradiation.
However, they did not report any post-irradiation physical measurements on the hide.

This study is the first to use high energy electron beam irradiation as a means of
controlling the microorganisms found on fresh and salted hides. It also examines the
effects of electron beam irradiation on the physical strength of fresh hides, salted hides,
and crust leather.

The mechanism of the effect of irradiation on biological material of both gamma radiation
and electron beam irradiation is similar (7). Gamma irradiation generates high energy
electrons when it is absorbed by individual molecules within the material being irradiated.
These high energy electrons are responsible for the observed biological effects. Electron
beam irradiation, in contrast, is a direct source of high energy electrons.

According to Thomas et al. (8) there is a difference in the biological effect of the same
dose from these two forms of irradiation due to the difference in dose rate of application.
The dose rate of electrons from an electron beam is much higher than that from gamma
irradiation. As a result electron beam irradiation generates more heat during treatment
which could have an adverse effect on heat sensitive materials. The complete destruction
of the microbial population on a hide would require a longer irradiation period when
using comparable doses of gamme irradiation because of the lower rate. This would at
least theoretically permit more degradation of the grain layer of the hide by microorganisms
present on the green hide. The difference in grain quality would probably not be measur-
able unless over 12 hours were needed for gamma irradiation. Electron beam irradiation
has other advantages over gamma irradiation. The electron beam is produced in a linear
accelerator which can be turned off when not in use. Gamma irradiation requires the
installation of a constantly emmiting radioactive source. Once installed the gamma source
undergoes a constant decay in intensity which must periodically be upgraded by addition
of new source material while the level of electron beam irradiation is constant. The greater
penetrating power of gamma radiation requires a higher initial capital investment to
construct a safe irradiation facility. Radioactive sources are of necessity more rigidly reg-
ulated than electron beam sources. Use of electron beam irradiation to control microor-



ganisms in other areas is well established. Large quantities of prepackaged medical supplies
manufactured in the United States are routinely sterilized by electron beam radiation.

The primary objective of these experiments was to determine whether the levels of
irradiation needed to control the microbial populations on fresh and salted hides caused
unacceptible physical damage to the hides which would interfere with subsequent manufac-
ture of leather products. A secondary objective of the research was to determine whether
chrome tanned crust leather trimmings could be economically physically degraded for
chrome and protein recovery. '

Materials and Methods

SAMPLE PREPARATION

Fresh cattle hides were obtained within 3 hr of slaughter from a local meat packer. The
hides were chilled with crushed ice and held in plastic containers until sampled. Brine
cured hides were obtained from a commercial hide dealer. A series of two in diameter
samples were cut from both fresh and brine cured hides using a circular punch. This
provided a uniform sample for ball burst measurements and an estimate of microbial
activity on the sample. Samples were removed systematically from the hide from head to
tail in rows parallel to the backbone. As samples were cut from the hide, they were
alternately designated either for treatment or as controls. Physical test measurements of
irradiated samples were always compared to adjacent control samples to minimize the
influence of the natural variation in strength found in different areas of the hide. Each
sample was heat sealed in a labeled plastic freezer bag. Samples from the fresh hide were
held on ice until they were irradiated approximately 24 hr after slaughter. A second series
of samples were cut from the fresh hides for tensile strength measurements using a
dumbbell shaped tensile strength die approximately 6 in long and 1 in wide. These samples
were not tested for microbial activity.

A third series of tensile patterns were cut from four sides of commercially prepared
chrome tanned crust leather from the same pack. Half of the samples cut from the crust
leather patterns were soaked in tap water for 15 min., drained, and held overnight in a
closed container to allow the moisture to equilibrate within the sample. These samples
were not examined for microbial activity.

ELECTRON BEAM IRRADIATION

Electron beam irradiation was generated by a 3 MEV Van de Graaff linear accelerator.
The unit was provided by High Voltage Engineering of Burlington, Mass. 01803*. Radi-
ation dosage is a cumulative process and total irradiation is a function of the length and
strength of exposure. In this facility each sample was exposed to 0.5 Mrads of irradiation
at ambient temperature as it passed under the electron beam at a constant linear rate of
1 fmin. Doses larger than 0.5 Mrad were achieved by the appropriate number of passes
of the sample under the beam.



MICROBIAL DETERMINATIONS

Hide pieces (2 in diameter circles) were stored at room temperature in sealed bags after
irradiation. At predetermined intervals hide samples were removed and agitated for 10
min in 500 ml of 0.1 percent peptone (Difco) for the fresh hide pieces and 500 ml of
sterile saturated brine for the brine cured pieces. Dilutions of washes from fresh hide
pieces prepared in sterile 0.1 percent sterile peptone water and appropriate dilutions were
plated onto Plate Count agar (Difco). Dilutions of the wash samples from brined hide
pieces were prepared in sterile brine and appropriate dilutions were plated onto both
Plate Count agar and Obligate Halophile agar (10). Dilutions of brined hide washes at 28
days after irradiation were plated onto Obligate Halophile agar containing only 2/3 of the
NaCl level. Plates were counted after 3 days incubation at room temperature. The lowest
detectible level of microorganisms was 5 x 10" per 2 inch hide circle.

PHYSICAL TESTS

Two physical strength measurements were done on a Model TTD Instron testing
machine. Ball burst, which measures the force required for penetration of a metal rod
through the sample, and tensile strength which measures the force required to pull the
sample apart lengthwise. These procedures are described in ASTM standard methods
(11,12). Ball burst was measured on the circular samples after they were washed to deter-
mine microbial count. Tensile strength measurements were made only on the samples cut
with the dumbbell shaped die.

Results

The results are divided into two areas. The first deals only with the physical effects of
electron beam irradiation on chrome tanned crust leather. The second area is the effect
of the irradiation on fresh and brine cured hides and includes the results of microbial
determinations and physical tests.

IRRADIATION OF LOW MOISTURE LEVEL LEATHER SAMPLES

Crust leather at a normal moisture level of about 16 percent was irradiated over a dose
range of from 0 to 50 Mrad. Figure 1 shows the relationship between the resulting tensile
strength of the leather samples and the dose level of the electron beam irradiation. At low
levels of irradiation the variation in tensile strength was similar for both the treated and
control samples. As the irradiation dose increased the leather became progressively weaker.
At50 Mrad of irradiation the tensile strength was reduced to about half that of the control.

IRRADIATION OF HIGH MOISTURE LEVEL LEATHER SAMPLES

The samples of the crust leather soaked in water and containing a moisture content of
55 percent were irradiated over the same range as the dry pieces. The loss in physical
strength (Figure 2) of high moisture content samples was consistantly greater at equivalent
levels of irradiation than the low moisture samples. At 50 Mrad the strength was only 10
percent of the control. At levels of 30 to 40 Mrad the leather could be easily torn. This
result can be explained by a general breakdown of collagen molecules in the hide by
irradiation. This is supported by the observation by Bailey and Rhoads (9) that there was
a fourfold increase in extractable hydroxproline in beef muscle irradiated at four Mrad.
This was accompanied by an increase in tenderness which they attributed to breakdown
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Figure 1.—Effect of varying levels of 3 MEV electron beam irradiation on tensile strength of crust leather
containing a low level of moisture (12 percent)
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Figure 2.— Effect of varying levels of 3 MEV electron beam irradiation on tensile strength of crust leather
containing a high level of moisture (42 percent).

of the collagen in the meat. Similarly the loss in strength we observe in the irradiated hide

is probably due to collagen breakdown.

The level of irradiation required to reduce the tensile strength to values below 100 psi
is probably not of practical use. Leather scraps have an intrinsically low value and the cost
of energy required to significantly weaken the fibers would not be recovered from the

separated protein and chromium products.



TABLE 1

MICROBIAL COUNTS ON FRESH HIDE SAMPLES AT INTERVALS AFTER ELECTRON
BEAM IRRADIATION
IRRADIATION DOSE* (Mrads)

DAYS' 0.5 1 1.5 2 3 Bk 40
7 10" N.D. 10° 10 0 0 0

10 10° 10° 10" 10° 0 0 0

14 10" 10° 10" 10° 0 0 0

9

18 N.D. N.D. N.D. 10’ 0 0 0

21 10 10 10 10 10 0 0

28 10" 10" 10" 10" 10° 0 0

*Unirradiated controls not run. lDays after irradiation. **Doses of 10, 15, 20 and 30 Mrads also had 0 counts.
+Lowest count detectible is 5 x 10‘/sample. N.D.-Samples not counted.

MiCROBIAL COUNTS ON IRRADIATED FRESH HIDES

Unirradiated fresh hides initially contained an average of 1 X 10° organisms per two
inch disc. Microbial densities on non-irradiated samples were measured only up to 3 days
of storage at room temperature. After this time they were at a stage of putrifaction which
precluded handling. As shown in Table I, a radiation dose of 3 Mrads was sufficient to
control microbial growth under the test conditions for up to 18 days. All doses equal to
or greater than 5 Mrad retarded microbial growth for the full 28 days duration of this
experiment. There were two exceptions out of 70 samples and this probably indicates that
the bags containing these samples were not properly sealed, allowing recontamination
after irradiation. This radiation threshold found for the control of microorgranisms on
fresh hides is similar to that reported by Pietrzykowski et al. using gamma irradiation (3).

MicCROBIAL COUNTS ON IRRADIATED BRINE CURED HIDES

Irradiated and control brine cured hides were washed with sterile saturated brine for
detection of halophiles. Dilutions of the wash were made with the same solution and
samples were plated on both plate count agar and halophilic agar for microbial counts.
No microorganisms were detected on either medium up to 28 days post-irradiation. On
the basis of appearance and odor, however, it was apparent that some of the hide samples
contained a significant microbial population.

It was postulated that the organisms present in these samples required salt for growth,
but could not survive at the salt level found in the conventional halophilic media used
(approximately 3.5 M). To test this hypothesis, brine washes from the irradiated brined
hides, 28 days after irradiation, were applied to a modified halophilic media identical to
that previously used except for the sodium chloride concentration which was reduced by
one third to 2.34 M. Under these conditions unirradiated brine cured samples were found
to contain more than 10° organisms per gram. A radiation dose of one Mrad reduced the
count to 1 X 10°. Radiation dosages equal to or greater than two Mrads completely elimi-
nated these microorganisms from the brined hide. It was speculated that the organisms
growing on these hide pieces are not true halophiles but should be termed intermediate
halophiles.

PHYSICAL PROPERTIES OF IRRADIATED FRESH HIDES
Measurement of ball burst on the irradiated and control samples of the fresh hides
resulted in the data in Figure 3. Measurements were not made on samples which were
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Figure 3.—Effect of varying levels of 3 MEV electron beam irradiation on ball burst measurements on
samples from fresh cattlehide. Values averaged from samples held from three to 28 days after
irradiation.

heavily contaminated with microorganisms. A decline in physical strength over the controls

as measured by ball burst values was observed as the level of irradiation was increased.

The value used for the control as obtained from several samples which were tested two

days after the experiment was started. Control samples could not be held any longer

without severe bacterial contamination. The ball burst measurements of samples irradiated
at 5 Mrad were about half the control. At 10 Mrad the samples lost more than 90 percent
of their original strength. Individual ball burst measurements did vary from sample to
sample.

Measurement of the tensile strength of the fresh hides also indicated a decline in strength
as irradiation increased. The variation seen in the control samples is due to the location
of the samples in the hide. Test samples are all compared to control samples which were
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Figure 4.—Effect of varying levels of 3 MEV electron beam irradiation on tensile strength measurements
made on samples from fresh cattlehide. Values averaged from samples held from three to 28
days after irradiation. Control values all run within two days after experiment started.



cut out from adjacent areas on the hide. All of the controls were tested for tensile strength
within two days after irradation of the test samples. In Figure 4 it can be seen that at 7
Mrad of irradiation the loss in tensile strength was greater than 90 percent.

As the doses of irradiation increased from 10 Mrad and greater, samples become warmer
to the touch. Simultaneously they become more turgid and at levels of 20 Mrad and
beyond, they became very stiff. It is not likely that these samples could be converted into
satisfactory leather. ”
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Figure 5.—Effect of varying levels of 3 MEV electron beam irradiation on ball burst measurements made
on samples from brine cured cattlehides. Values averaged from samples held from three to 28
days after irradiation.

PHYSICAL PROPERTIES OF IRRADIATED BRINE CURED HIDES

The physical test for ball burst was performed on irradiated brine cured hide samples
showed similar losses in strength. Figure 5 contains the results of the ball burst measure-
ments at each level of irradiation. The differences in ball burst values were not greatly
different from the controls at up to 5 Mrads, however, at 10 Mrads the loss became severe.

Discussion

Complete elimination of bacterial growth in these experiments required a dose of three
Mrads which is higher than needed for sterilization of most materials. This can be explained
by several properties unique to the hide. First the hair on the surface of the hide contains
numerous disulfide bonds. It is well known that disulfides have a radioprotective effect
on microorganisms. The three MEV energy level of the electron beam used in these
experiments may not have penetrated the entire sample without significant loss in energy
by the time it exited the hide. The water content of any material being irradiated with an
electron beam can limit the distance electrons can penetrate. The hide itself is an excellent
substrate for microbial growth. If a single organism survived the irradiation, the sample
would easily be overrun with microbial growth in a week.

The practicality of the electron beam irradiation for the preservation of fresh hides lies
in how sharp the demarcation is between physical change in the hide and complete microbial
control. At all levels of irradiation there appears to be some physical effect on the hide.
It is not clear if the decreases in physical strength observed at the level where microbial



control occurs will significantly change the final leather product. Leather is intrinsically
stronger than most of its uses require and a small decrease in tensile strength might be
an acceptable tradeoff for an improved preservation method. Conversion of electron beam
irradiated hide samples to leather will be necessary to help resolve this issue.

The cost of applying the electron beam irradiation for this purpose is also unkown and
thus the practicability of industrial scale application of this technique remains speculative.
Whole hide preservation would require an 8 to 10 ft wide electron beam. The cost of such
equipment is likely to be prohibitive unless large numbers of hides were to be treated.
Other factors which must be considered include the higher costs for shipping irradiated
hides. Irradiated hides are not dehydrated and would weigh more than brine cured hides.
In addition containerization would be necessary to prevent re-contamination. On the other
hand irradiated hides are quite similar to fresh hides in appearance. If they respond to
processing in same way they would have an increased area yield compared to brine cured
hides.

The intermediate halophiles which we detected have not previously been identified as
part of the microbial flora of hides. These organisms do not grow in the presence of 3.5
M salt nor do they grow in the absence of NaCl. They were found to grow in media
containing salt at two thirds the normal level of salt (2.3 M) in halophilic media. Such
organisms would not be expected to pose a threat to hide quality in well brined hides.
However if curing were not done properly resulting in intermediate salt concentrations
within the hide these organisms would be expected to flourish. Under these conditions
they could have a significant negative effect on hide quality over long storage periods.
These organisms were eliminated from the irradiated brine cured hides at 2 Mrad, a lower
dose level than needed to eliminate microbial growth on fresh hides. Kallenberger (13)
suggests that long term storage of brine cured hides at warm temperatures can lead to
microbial degradation of the grain surface by halophilic organisms. This has been cited
as a serious problem for shipments of hides to the Far East. We didn’t observe the halophiles
Kallenberger reported possibly because the plates were not incubated long enough to
observe viable colonies. The electron beam irradiation did control the organisms which
grew on the partially saturated salt plates.

At dose levels of the electron beam irradiation above 20 Mrad the hide samples became
warm to the touch. Levels of 30 Mrad and above caused the samples to become swollen
and stiff. It appeared that at these higher doses the shrink temperature of the hide was
exceeded. In some cases gelatinization took place on the surface of the sample.

Conclusions

(1) Electron beam irradiation of both dry and high moisture content leather caused a
measurable decrease in physical strength at levels greater thatn 5 Mrad. The effect was
more pronounced at higher moisture contents. This effect of moisture could be significant
in the application of electron beam irradiation for the preservation of cattlehides. Use of
electron beam irradiation to physically break down leather scraps to recover chrome and/or
protein is probably not a viable alternative to mechanical shredding. The low intrinsic
value of the final products would not be sufficient to recover the capital investment neces-
sary for the electron beam irradiation equipment. '

(2) Electron beam irradiation of fresh cattlehides completely controlled the microbial
population normally found on the fresh and brine cured hides. This control was accom-



panied by a reduction of physical strength of about 12 percent ball burst and 13 percent
tensile strength. It remains to be determined if the leather produced from tanned samples
of irradiated hides is affected the same way. The economics of using electron beam irradi-
ation to preserve hides is also unknown. The initial capital investment required for the
electron beam equipment may be on the order of two million dollars. If all other conditions
for preservation are met in terms of leather quality its economical use would require the
processing of large numbers of hides.

(3) The intermediate halophilic microorganisms found on the brine cured hides in this
study could also be completely controlled by electron beam irradiation. These organisms
were not true halophiles but did require salt for growth. At 2 Mrad of irradiation complete
microbial control was obtained. This dose is lower than that needed for microbial control
on fresh hides. It was not determined whether irradiation of brine cured hides would
significantly increase their shelf life but it is clear that under conditions of poor cure and
without irradiation these intermediate halophiles would flourish.
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Discussion

CHRIS EHRET (Chestnut Operating Company, Discussion Leader)

Thank you Dr. Bailey. Are there any questions?

BETTY HAINES (BLMRA): In South Africa,-LIRI has used Cobalt 60 radiation and
they found that if they treat the hides first with a preservative they can use less than 2.5
Mega rads and the hides were not damaged and were preserved for six weeks. In 1963
we used 2.5 Mega rads and we held them for six months, but they all had to be bagged
and sealed. The other problem is that mold may grow through the polythene, which then
renders the conditions non-sterile. The thing that interests me as far as making this process
commercial is that it will be necessary to transport hides long distances to a radiation unit.
Therefore, the hides will have to be preserved in some way with a short term preservative.
If by any chance the preservative is ineffective or if there is already some putrifaction
inside the hide before the biocide is applied then the hide is transported, will the level of
radiation received have to be mcreased to attack bacteria that are not surface but are
within the hide?

DRr. BAILEY: No. The electron beam irradiation thoroughly penetrates the hide. One
of the differences here is that cobalt 60 radiation sources are very highly regulated and
to even build a unit that would even operate requires quite a bit of regulation by the
Atomic Energy Commission. The distinct advantage of the electron beam is that that is
not a problem.

JEAN TANcous (Tanners Council Laboratory): What do you feel about the enzymes
that are in the cells of the hide? Do you inactivate the autolytic action?

DR. BAILEY: We have not measured it and I do not know. At some level you definitely
would. However, at higher levels the heat generated in the samples starts to turn the
collagen to gelatin.

JEAN TANcCOUS: You could have hair slip and other changes if you do not stop the
enzyme action natural to the hide itself.

DR. BAILEY: I would say that in this case we did not have that problem. The samples
that were preserved did not have hair slip.

JEAN TANcous: For how long?

DR. BAILEY: For up to 28 days

I. V. PRASAD (A. F. Gallun and Sons): Did you irradiate one skin at a time or did you
irradiate a stack of skins?

DR. BAILEY: We used only one piece at a time but due to the power of the radiation
source we could have stacked them and done more than one at a time. I think the key to
this is going to wind up in what kind of volume can you put through. High Voltage
Engineering really did not want to put a price on a machine but when I pressed them
they said maybe $500,000 for a unit. If you are putting a lot of hides through that is not
bad. The unit itself is 150 Kw unit so it is really not terribly expensive as far as the cost
of applying the radiation. So, the key is how many hides can be put through the unit and
how quickly can it be paid off as opposed to brine curing. I think there is some potential
there.
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