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Some microbiological considerations applying to the
conditioning, ageing and vacuum packaging of lamb

J. T. PATTERSON and P. A. GIBBS

Summary

Laboratory investigations are described in which legs of lamb were conditioned
at 18 and"10°C, followed by a?elng at 3.3°C under controlled conditions of air
movement and relative humildity and stored at 3, 7 and 15°C. It was concluded
that the lower conditioning femperature was less likely to give problems
associated with rapid microbial multiplication, though no potentially dangerous
organisms were detected after _cond|t|on|n% and ageing at either temgerature.
The shelf-life of the meat conditioned at 18°C was shorter than at 10°C. Ina
subsequent investigation cuts of meat from aleg conditioned at 10°C and aged
at 3.3°C were vacuum packaged and stored at 12 and 7°C for up to 6 weeks,
The meat had spoiled in the vacuum-pa_ckaﬂes at 7°C after s weeks, but not
after 3, while spoilage was not detected in the e week stored meat at 1-2°C,
though faecal streptococci were present in all samples after 3 weeks.
Clostridivm welchii Was found (26 per IOOg) in the 10°C conditioned meat
stored at 1—2°C, after e weeks. Large numbers of Gram-ne(t;atlve organisms

irtlc}uging psychrotrophic Enterobacteriaceae were found on the meat stored
at 7°C.

Introduction

It is well known that the muscles of meat animals, and in particular lamb
shorten when cooled too quickly. This is the so-called ‘cold-shartening’ pheno-
menon first observed by Locker & Hagyard (1963). The meat ‘sefs’ in the
shortened state as rigor ‘sets in, and becomes extremely tou%h when it is sub-
sequentIK cooked. Bendall (1974) has stated that ‘Cold-s ortenm%’ sets in
durmP the chilling of the lamb, beef and chicken muscles (but not the white
muscles of rabbit) if the conditions are such that the muscle temperature has
fallen below 11°C before the pH has fallen below 6.2. Under easily attainable
Authors’ address: Agricultural and Food Bacteriology Research Division, Newforge Lane,
Belfast BT9 5PX, Northern Ireland o o
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commercial rates of chilling cold-shortenjnq may occur, while on the other
hand optimal tenderness can be achieved inlamb or beef carcases if these are
not chilled below 10°C until at least 10 hr after slau?hter._ Current chilling
practice, e.g. as recommended by the US Department of Agriculture to reduce
Internal temperature of meat to 4.5°C within 16 hr of slaughter (Cuttm?, l972a?],
or in the EEC Council Directives (Cutting, 1972b[)) which lay down that fres
meat intended for intra-Community trade must be chilled Immediately after
post-mortem inspection and kept permanently at an internal temperature not
exceeding 7°C for carcases and parts thereof and 3°C for offal, may well cause
meat to be tough after cooking. A considerable amount of work has been carried
out in recent years, notably in New Zealand to find ways in which this shorten!n([;,
and that due to thaw shortening caused if muscle is frozen pre-rigor and rapidly
thawed, can be avoided. This work has been recently reviewed bY Locker et ai.
(1975). The methods used have included conditioning of both famb and beef
carcases at relatively high temperatures (13-18° C) under standardized conditions
of air velocity and”humidity to avoid cold-shortening followed by a period of
ageing (at 2—4°C) as whole carcases (lamb) or as vacuum _?_acked cuts (beef) to
develop tenderness. Bacteriological standards were also specified. Unconventional
techniques were also described by these workers viz. altered posture dur!nﬁ
chilling and ageln?, hot boning " allied to conditioning at 10—15°C, hig
temperature condifioning (at 44-45°C) and electrical stimulation to speed
the onset of rigor. _ o _

Some exPenments have been carried out in this laboratory to examine the
effects on the microbial flora developing on legs of lamb, of conditioning at
10 and 18°C for 24 hr followed by ageing for"up to 7 days at 3.3°C under
controlled conditions of humidity and “air movement, and also whether
conditioned and aged lamb was suitable for vacuum packagm(l;. The published
microbiological data have been based largely on total counts, and it is felt
that more  information was required as to the identity and biochemical
activities of the organisms developing under these conditions,

Materials and methods
Conditioning and ageing procedures

~ The hind legs were removed from freshly butchered ho_g?et carcases and
immediately transported to the laboratory some 20 miles distant. In the first
investigation, each leg was weighed, leg a%ed_ for 7days at 3.3 £ 1°C at a
relative humidity of 88—91%. Le B was conditioned at 18 + 15°C for 24 hr
at a relative humidity of 80-85% weighed and then aged for 72 hr at 3.3°C
and a relative humidity of 88—91%, and reweighed. Leg B was then frozen to
—20°C and held for s days before defrosting at 3.3°C for 39 hr. The air flow in
the conditioning and agelngi cabinets (Patra, Laboratory and Thermal Equip-
ment Ltd, Oldham) was re%u ated to 90—100 ft/min. Temperature measurements
were made by inserting thermocouples just under the surfaces and into the
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deep muscles and near the_bones of the legs and, recorded every 20 min on a
flat bed recorder (Kipp and Zonen, Model BDs), using an electronic thermometer
and automatic selector unit (Comark Electronics Ltd, thtlehamp_tonz. In the
second investigation the procedure was modified somewhat “in that the
conditioned leg was held at 10°C for 24 hr at a relative humidity of 82% and
then aged at 3.3°C for 6 daYs at a relative humidity of 90%. The cut muscle
surfaces of each leg was sealed by dipping in molten paraffin wax to reduce
evaporation hefore transfer to the controlled environment cabinets. The
procedure was modified still further in the third investigation, in that
conditioning of leg B at 10°C for 24 hr at a relative humidity of 84% was
followed by ageing for 1 day at 3.3°C at a relative hum|d|5y 0f 90%. Leg A
was held at 3.3°C for 2 days at a relative humidity of 90%. In the fourth
investigation a direct comparison was made between conditioning at 10°C
(two legs) and at 18°C (two Ie%g) for 20 hr at a relative humidity of 84% in
both cases, prior to ageing at 3.3°C for 3 days. The relative humidities in the
cabinets were checked frequently using a wet and dry bulb thermometer.

Storage ofthe meatafter conditioning and ageing

Three cuts from the conditioned and a%ed meat from the first, second and
fourth investigations, were taken by cut |n(l] across the bone thus exposmg
fresh surfaces, placed between two new po 2yst%rene trays and_overwragge
with a clear plastic film (WVTR 700 g}/m2/ 4 ir; 0 2 transmission rate 8500
miim2/24 hr; C02 transmission rate 70000 mlim2/24 hr). One piece from
each leg was stored for lda}/ at 15°C; one piece for 2 days at 7°C and the
third for 2 days at 3.3°C. After sampling the pieces were réturned to stora%e
until off odours were detected. Five cuts were similarly taken from each of the
legs in the third investigation, vacuum packaged as described by Sutherland,
Patterson & Murray (1975), and stored at 1-2°C (two_cuts) and 7°C (two
cuts) for up to e weeks. The remaining cut was used for initial sampling.

Microbiological examination

Initial counts on the surface of the qus were obtained from triplicate swabs
of 10 cm2 areas outlined by sterile metal templates. Each swab was moistened
in sterile 0.5% E(w/v)_ peptone water, and applied for 15 sec to the surface; the
swabs_ were broken nto' 30 ml sterile 0.5% (wiv) peptone water and shaken for
10 min on a flask shaker to release the organisms into the diluent. After
conditioning and ageing, this sampling was repeated on adjacent sites.
In the second |nves_t|gat|on, after taking' cuts_across the bone for storage
experiments, the remainder of the qus were sterilized by flaming followed by
ainting with a saturated alcoholic solution of crystal violet and brilliant green.
he bone was then exposed aseptically, swab sampled and the swab and pieces
of meat_ immediately surrounding the bone combined in sterile 0.5% peptone
water diluent. Subsequent to storage at the three temperatures, 10 cm2 areas
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on other, adjacent sites on the outside of the pieces, and on the cut surfaces
were similarfy samPIed. In addition the bone was cut from each piece, rinsed
in sterile dillent, the rinsings combined with small pieces of meat cut from
around the bone, and blended for 15 min in a sterile Atomix cup EMSE
Scientific Instruments, Crawley, Sussex). No special precautions were faken
to avoid carrying contamination into the bone from the exterior when _cuttmg
pieces for storage, in the first and second investigations, but in the third an
su?tsequent investigation the surfaces were sterilized by direct flaming before
cutting,
In %he third mvestlé;atmn, after 0 enmP the vacuum packs the bone was
removed, trimmed and shaken in 100 ml sterile 0.5% pePtone water. The
rinsings and the remainder of each cut were transferred to 100 ml sterile
eptone water and mixed using the Colworth Stomacher for 2.5 min &Sewa_rd
td, e Stamford St, London). Decimal dilutions were prepared in 0.1% sterile
peptone water by the method of Murray f(1956) and 0.1 ml quantities from
surtable dilutions, spread on the surface ‘of previously prepared plates. Total
counts were obtained by plating on nutrient or plate count agar, (Oxoid CM 3
or CM 325). The colonies were counted after 3 days at 22°C. The rinsings from
the bone were examined for total and sporing anaerobes by the method of
Gibbs (1973), for faecal streptococci using the medium of Barnes (1956), and
for total count of organisms capable of growing on plate count agar after 3
days at 30°C under reduced oxygen. Conditions, achieved. b}/_ urning a
candle to extinction in the incubation Ojar_. In the third investigation, Entéro-
bacteriaceae were isolated on violet red bile agar (Oxoid CM 107) contammg
1% glucose as recommended by Mossel, Mengerink & Scholts (1962) an
enumerated after 5 days at 15°C.° o
_Representative isolates from the first, second and third investigations were
picked off the total count plates using the method of Harrison ﬁ 938). These
Were ?unﬂ_ed by streaking and, subjected to the foIIowmg ests:” colony
characteristics on nutrient “agar incubated for 3 days at 22°C in air; Gram
reaction; catalase; oxidase; morﬁholo y.and motility. Gram-negative rods were
tested In the medium of Hugh & Leifson (1953_{ for ability to dissimilate
glucose. If this ability was oxidative and the oxidase test was positive, the
Isolates were tested for the Broducnon of fluorescent pigments on the media
of K|n([1, Ward & Raney (1954). Gram-positive cocci were checked for the
?roduc lon of catalase on a nutrient agar containing 1%Fw/v) of added glu_cose.
f catalase-positive on this medium, the_ability to dissimilate %Iucose oxidatively
or fermentatively was tested in the medium ot Baird-Parker 96323. If fermenta-
tive the isolates” were tested for the production of coagulase. Gram-positive,
catalase-positive non-sporing rods (presumptive w. thermosphactumz were
tested for the ability to grow on the medium of Gardner (1966), and that of
Rogosa, Mitchell & Wiseman (1951). o _
urther identification of the Gram-negative isolates was made usm% the tests
described hy Hendrie, Hodgkiss & Shewan (1964), Cowan & Steel 97_42) and
the identification keys described in Bergey’s Manual (Buchanan & Gibhons,
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1974), while a selection of the oxidase positive Gram-negative isolates were
stained for the presence of flagella by the method described by Rhodes (1958).

Extracellular enzymes ofthe isolates

The abilities of the isolates to hydrolyse casein, tributyrin and gelatin were
tested by streaking each isolate on plates of casein agar prepared léy adding 10%
Ev_/v) of reconstituted skim milk powder to a nutrient agar medium, rp 14;
ributyrin agar (Cowan & Steel, 1974) and hy stabbing into a tube of gelatin
medium prepared from Oxoid nutrient gelatin (CM” 135 a), with certain
additions (the CMG medium of Sutherland; Patterson, Gibbs & Murray, 1975).
The plates and tubes were incubated at 25°C for up to 14 days.

Results and discussion

The results of the analysis of the microbial flora developing on the conditioned
and aged meat are shown in Table L Inthe firstinvestigation where cond!tmnmg
at 18°C for 24 hr was followed by ageing for 72 hr at 3.3°C, freezing an
thawing, the logio total numbers of organisms recovered/cmz increased from
4.11 t0 5.71, while the type of flora continued to be dominated by micrococcus
spp. Some of this increase in numbers mag have occurred during the thawing
of the meat prior to sampling. Comparable numbers on the conventionally
aged meat were 4.47 and 3.95, and there were only small changes in the
composition of the microflora after conventional ageing or conditioning and
ageing. N L

In"the second investigation, conditioning at 10°C for 1 day followed by
ageing at 3.3°C for e days (twice as long as, the maximum’ suggested b
Locker et a1, 1975) also resulted in an incréase in total count, although not &
marked as at 18°C. The different periods of ageing for the 18 and 10°C con-
ditioned meat make comparisons between the two results difficult in these
investigations. The composition of the microflora also showed differences in
that although still dominated by micrococcus Spp., there was a marked increase
in the proportion of acinetobacter-like organisms. Decreasing the duration of
ageing from e days to 1 day (Ilnves_t|gat|on |1I, Table 1) resulted. in a slight
decrease in total count. In the later investigation (IV, Table l)r the initial levels
of contamination were generally lower an remained lower after cond|t|_on|ng
and ageing than in comparable earlier investigations. The results indicate
however that whereas conditioning at 10°C Tollowed b}/ ageing at 3.3°C
resulted in a decrease in total count, conditioning at 18°C followed by ageing
at 3.3°C resulted in a small increase in total count. Under the conditions in
the conditioning and ageing cabinets the surface became quite dry, thus
restricting microbial multjplication. _

In the" first investigation weight loss was 6.2% when aged conventionally
and 5.1% when conditioned at™ 18°C and aged at 3.3°C. The deep muscle
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temperature in the legs reached that of the conditioning and agemg chambers
overnight, and the conditioned leg at 18°C, decreased to the emFerature of
the ageing chamber (3.3°C) within another s hr. Shallow muscles and the
regions just under the surfaces attained these temperatures much more
rapidly, 'so that with the rapid air movement across the surfaces, conditions
were not favourable for microbial multiplication. N _

After storage in air (Table 2), the microbiological condition of pieces of
meat cut fron legs conditioned at 18 or 10°C followed by ageing at 3.3°C, was
generally poorer than pieces cut from conventionally aged legs. In the first
investigation the counts of the bone samples after stora%_e suggested that bone
taint might be a problem with high temperature conditioned” meat, although
the later”investigation gV) did not confirm this, ﬁrobably as a result of taking
care not to carry surfacé contamination through to the bone when cutting
pieces for storage. There was some indication however that bone samples from
meat conditioned at 18°C were slightly more heavily contaminated than those
from meat conditioned at 10°C after storage at different temperatures. In large
scale investigations in New Zealand (Locker et a1 1975) using. conditioning
temperatures of 13, 16 or 18°C (for 16- 24 hr) followed hy ageing at 3°C for
up to 96 hr post mortem, there was no evidence of bone taint. Analysis of the
flora recovered from the stored pieces of meat indicated that the flora on the
outer uncut surface was still dominated by Gram-positive cocci, although the
proportion had generally decreased. The “flora on the cut surfaces however
consist largely of Gram-positive and negative rods after storage. The organisms
from around the bone were for the most part oxidase positive when' tested
on the plates and were probably Gram-negative rods; none or only low numbers
of faecal streptococci were present on the Barnes plates and no sporing
anaerohes were detected in.the DRCM medium. . _

In the first and second |nvest|§iat|ons the meat remaining after removing the
bone from_the stored meat samples was returned to storage and off odours in
meat conditioned at 18°C were detected after (In total) 2 days at 15°C, 5 days
at 1°C, and 7 days at 3°C, and in meat conditioned at 10°C after 3 days at
15°C, & days at 7°C, while no off odours_were detected during storage at 3.3°C
for 32 days. Conventionally aged meat g days at 3.3°C) whén cut and stored
faged tot sl%gg in 32 days at 3.3°C but had & shelf ife of 12 days at 7°C and
6 days at 15°C.

From these limited |nvest|?at|ons it would appear that lamb can be conditioned
at a relatively high temperature for the purposes.of avoiding toughness without
any great microbiological problems P_rowd_ed initial contarination is kept to a
minimum. However a shorter shelf Tife might be expected than with conven-
tionally chilled and aged meat though the a elrﬁ]perlod we used was longer than
that recommended by Locker et al. _(19753. ere was no_evidence to suggest
the rapid multiplication of potentially dangerous organisms at either con-
ditioning temperature in our i vestPat|ons. _ _
~ The micro |_oIo%|caI condition of the meat after vacuum-packaging ﬁthe third
investigation) is shown in Table 3, where an interesting feature was the rapid
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Conditioning and vacuum-packing oflamb 1
Table 5. Extracellular enzymes produced by isolates from vacuum-packaged lamb

Incidence of enzymes (%)

No.

Isolate tested Lipolytic Caseolytic Gelatinolytic
M.thermosphactum 95 Nil Nil Nil
Lactobacillus Spp. 7 Nil Nil Nil
Other Gram +ve rods, 3 3 Nil 33
+ve cocci
Pseudomonas gp | 9 100 78 100
Pseudomonas gp 1 24 Nil Nil 3
Moraxella-likt organisms 9 Nil Nil 1
Alcaligenes sp. 1 Nil Nil Nil
Vibrio/Aeromonas Spp. 3 33 67 100
Psychrotrophic
Enterobacteriaceae

Lactose +ve 22 46 41 46

Lactose —ve 89 67 67 67
Totals 262 3l 30 33

increase in the number of Gram negative isolates, particularly on the meat held
at 7°C and the low numbers of catalase ne(l;latlve organisms, normally expected
on vacuum packaged meat. Barlow &Kitche (1966% foundm. thermosphactum,
which is Gram-positive and catalase positive to be the predominant organism on
vacuum-packaged lamb chops held at 5°C for 6 da¥s, a much shorter storage
time than employed by us. Storage at this temperature would represent poor
factory practice and should not occur, and the more likely holding temperature,
if lamb was to be vacuum packaged on any scale would be <2°C. At this
temperature only the meat stored for 21 days from the leg conditioned at 10°C
had a high propartion of Gram-negative organisms which were potential spoilers.
The catalase positive, Gram-positive rods were found to bgM. thermosphactum,
while the catalase negative rods were lactobacilli.

The composition of the Gram-negative flora present when the vacuum-
packages were opened is age en in Table 4. The isolates from the conventionally
aged meat stored at 1—2°C were pseydomonas ps I, ILand 11 and moraxelia-
like organisms t%gether with one strain of alcaligenes. The majority of isolates
from conditioned meat stored at 1—2°C, and from both Ieﬁs stored at 7°C were
ps¥chrotroph|c Enterobacteriaceae. although none of these organisms were
detected in other aerobic stora%e Investigations. Some of these were lactose
negative and would not be detected on media normally used to isolate coliform
bacteria such as violet-red-bile agar. Similar organisms have been described by
Eddy & Kitchell (1959); Gardner, Carson & Patton &1967) and Hechelmann
et al. (1974). Ingfam & Dainty (1971) squest_ed that when fresh meats are
vacuum-packaged™ in relatively impermeable films, the o2 hecomes largely
replaced by C02 and the pseudomonas-Achromobacter element in the flora is
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suppressed by more tolerant strains of the e nterobacter-Hafnia Qroup, Kurthia,
M. thermosphacturn and lactobacilli. _

Spmla&e had taken place in the vacuum-package after ¢ weeks at 7°C, since
strong off-odours were present on opening, partmular!y around the bone where
the meat was greenish in appearance. Smears prepared from these sites showed
large numbers of non-sporing Gram-positive rods, probably lactobacilli, and a
few sporing rods. Low numbers of clostridium sporogenes Were found in the
meat fromleg A stored at 2°C for 3 weeks, and in aﬂ samples after 6 weeks.
clwelchii was found (26 per 100 g) from leg B stored at 1—=2°C for 6 weeks.
Faecal streptococci were also present in all samples both after 3 and e weeks,
with low numbers at 1—"°C and the highest recovery being logwo 6.48/g on
meat from leg A stored at 7°C for & weeks, These results emPhasue the need
for strict temperature control, and the inadvisability of unduly extending the
storage time of vacuum packaged lamb, even at temperatures near to 0°C. If
these™ criteria are met conditioned lamb could be used for vacuum-packaging.
Reagan et al. (1971? found that lamb loins could be successfully vacuum-
packaged, provided low storage temperatures could be maintained and the
storage interval short, otherwise shelf-life was poor. _

One hundred_and eleven isolates described as psychrotrophic Entero-
bacteriaceae in Table 4 were examined in detail. Few of the isolates exactly
fitted the descrl_%tlons given b)é Cowan & Steel (1974) or in Bergey’s Manual
(Buchanan & Gibbons, "1974) ut_the majority could be described as strains
resembling serratia liguefaciens (70); others were identified as Hafnia alvei
21), Enterobacter cloacae _ Enterobacter aerogenes (3), Klebsiella
aerogenes (2), With one unldennﬁed._The source of these organisms from
further work "appears to be from the animal gut, but whether they are of public
health significance has not been determined. Further work on their growth
characteristics has shown that representative strains had the ability to grow
sloyv#]y a%t7OEC, with a doubling time of 30—60 hr, and that this "shortened
c. 7hrat7°C.

The extracellular enzymes produced by the isolates are shown in Table 5.
Pseudomonas Qroup | ‘strains were parficularly active as were the vibrio/
aeromonas and Hafnia ISolates, This is at variance with the definition of
H. alvei given by Cowan & Steel (1974) where this organism was described as
gelatin negative,"though the test media used were different. Of all the groups,
Pseudomonas, Vibrio/Aeromonas and the psychrotrophic Enterobacteriaceae
would from these results be likely to spoil the meat under aerobic conditions
|fbattn||%y to cause spoilage is related to the degradation of these complex
substrates.
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The effect of low temperature on the growth and survival of
Staphylococcus aureus and salmonella typhimurium when
inoculated on to bacon

GERALDINE M FARRELL and MARY E. UPTON

Summary

Samples of hacon (10 g) were inoculated with Staphylococcus aureus and

Salmonella typhimurium™~and the effect of storage at —22, 5 and 16°C was

studied. The numbers of S. aureus increased significantly at 5 and 16°C,

whilst at —22°C a significant decrease was recorded. The S. typhimurium

gour&ts 2|51cEeased at 16°C but decreased when the storage temperature was
and -22°C.

Introduction

A study was undertaken to mvesﬂﬁate the growth and survival ofStthon-
coccus ‘aureus and Salmonella typhimurium™ when inoculated on to bacon.
These two organisms were selected because of their pathogenicity and their
occurrence on meats. Jay (19622 noted the presence of S.” aureus in spiced
ham, while Eddy & Ingram (1962) stated that normal bacon may be regularlé
contaminated with food poisoning staphylococci, Thatcher, "Robinson
Erdman_ (1962) showed that under certain conditions staphylococcal toxin
roduction occurs on hacon and that the toxin can survive cooking at 205°C.
empster, Reid & Cody (1973) reported that vacuum packed hams were
contaminated with coagulase [:}osmve staphylococci, during the Pa_ckagmg
operation, following cooking. These authors pointed out that if slicing ‘an
ﬁackmg are not hygienically ‘controlled earl¥ contamination can take place by
uman-operators, who are & likely source of food poisoning bacteria.
Dempster & Kellg (1973), studied the growth of S. aureus in Wiltshire bacon
and bacon produce h(}/é;lemcally. The two bacons were inoculated with a high
(106/%?1 and a low (1 /% dosa?e of the organism and stored at 5 and 15°C.
With The high inoculum The test organism grew in both bacons at 5°C, and
survived at 5°C with the low inoculum. At 15°C the test organism grew, growth

St”ﬁ#g;%rsbggﬁaeisz Department of Industrial Microbiology, University College, Ardmore,
0022-1163/78/0200-001 5 $02.00 © 1978 Blackwell Scientific Publications
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being more pronounced in the fygienic’ than in Wiltshire bacon. The increasing
importance of Salmonella, as a food Bathogen has been well documented, e
Weissman & Carpenter (1969), Hobbs (1974), McCoy (1975) and Tompkin
(1976). Matches & Liston (11968) noted that the low temperature growth
capability of Salmonella could be significant in foods stored for long periods
of time at low temperatures (5°C). -

The survival of ‘any organism’in a food is subject to a number of factors,
e.0. temperature, salt” concentration, pH and the ‘presence of other organisms
in"the food. These factors are interdependent on each other. None of them can,
therefore, be considered in isolation. _ _ _

_ Variation in temperature affects the type of spronage obtained, due to its
influence on bacterial development 1Cavet , 1962). The storage life of a product
may be increased by retention at a low temperatre. At these low temperatures
organisms become ‘more susceptible to other restrictive influences, (Ingram,
1960). The optimum temperature for growth of S, aureus and S. typhimurium
is recorded in Ber e¥’s anual (Buchanan & Gibbans, 1974) a5 37°C. The
temperature at which food products may be stored fall into three broad ran%;es —
room temperature, refrigeration temperature and freezer temperature. It was
with this in mind that the experiments outlined in this paper were carried out
at temperatures of 16, 5 and —22°C. _
By using a consistent type and cut of bacon, througlhout the experiments,
it was possible to maintain the salt content at a constant level. Dempster (1976)
promted out that temperature has a controll_mrl; influence on the action of salt.
he lethal action ofsalt on micro-organisms is fess effective at low temperatures
because, a temperature rise almost invariably increases the velocity of a
bactericidal reaction. o o

In the case of pH, changes are not of major importance in spoilage of meats
due to their high buffering capacity, but if there is a high concentration of lactic
acid, retardation of bacterial growth will occur (In?ram, 1960).

Competition between organisms is also of importance. As noted b{ Thatcher,
Robinson & Erdman (1962) the competitive action of spoilage bacteria, under
certain conditions, maY repress multlphcatlon of specific pathogens. By following
the changes in the natural flora of the uninoculated samﬁles, as reported here,
it is possible to determine the influence of this factor on the test organism.

Materials and methods
Test organisms
Staphylococcus aureus, ATCC 25923 \Salmonella typhimurium, ATCC 14028,

Media

In the enumeration of total viable organisms, Plate Count Agar (PCA, Oxoid)
plus 3% sodium chloride (NaCl) was used. S. aureus counts were obtained on
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Staphylococcus Medium No. 110 (SI10, Oxoid). Brilliant Green Agar (BGA,
Oxoid) was used in the enumeration of S éypmmunum. The standard inocula
were grown in Nutrient Broth (Oxoid) and Ringer’s solution was the diluent
used in the preparation of all serial dilutions.

Bacon

The bacon was obtained at a retail outlet and all samples were produced by
the same manufacturer. It was vacuum packaged, unsliced, smoked, contained
little fat, no rind and all samples were from_the back quarter, which normally
had a salt content of 3.2% (wiw) and a nitrite content of 16.5 ppm. The same
type and cut of meat was used in‘all experiments.

Sampling

The bacon packs were opened and 10 %portions were sliced aseptically and
placed in sterile Petri dishes in which the samples were stored durmg the
course of the experiments. The humidity of the samples was not controlled.

Sample inoculation

Serial dilutions were ﬁrepared of an 18 hr culture of the test organism,
The optical densities of the suspensions were obtained using a Colman (295E)
spectrophotometer at a wavelength of 600 nm. The number of viable hacteria
per ml of selected dilutions, was determined. From these results a standard
graph was obtained. This was used for the standardization of the culture,
which was inoculated on to the surface of the bacon samples and spread with
a sterile glass spreader. The numbers present in the inoculum were confirmed
by plate counts on SI 10, in the case of S. aureus and on BGA when the test
organism was S. typhimurium. Uninoculated samples were set up at the
beginning of each experiment.

Bacteriological analysis

Samples of bacon, 10 g, were placed in sterile ﬁ|aStIC bags, to which 90 ml
of Ringer’s solution was added. The contents of the bagzs were then macerated
using a Stomacher (Colworth 400). From this homogenate, serial dilutions were
prepared, and 0.1 ml quantities ‘were inoculated on to poured plates of the
required medium and spread over the surface using a sterile glass sPreader. All
plates were incubated for 48 hr at 37°C. Counts were recordéd on those plates
yielding colonies in the range 30—300. In the examination of the samples, both
uninoculated and inoculated, total counts were noted. The test organism was
enumerated in the case of the inoculated samples. Sufficient bacon samples were
set up initially to provide for the analysis of triplicate 10 g portions at each
storage interval overaperiod of 30—32 days on 710 9 days.

2
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pH determination

The pH values of the macerated samples, were determined electrometrically
using a pH meter with a glass electrode (Corning meter, model 7).

Analysis of data

Analysis of variance was carried out on the data according to Snedecor
(1956)and using Duncan’s multiple range test to compare individual means.

Results and discussion
The effect ofstorage at —22°C on S. aureus

A significant decrease occurred in the S. aureus counts during the stora?e
Ferlod FFI%. 1). The unfavourable tem(perature could account for this result,
t should be noted, however, that 41.8% of the S, aureus organisms remained
viable after 30 days storage. The total counts ofthe ingculated samples decreased
significantly durmg the ‘experiment. In the uninoculated samples a significant
increase was noted between day 0 and 1, which ma% be accounted for hy
multiplication before the storage temﬁerature was reached. The results of day
L and day 30 showed no slgm icant change. The pH trends of the uninoculated
and inoculated samples did not change significantly durm% the experiment.
This is in agreement with the reports of Georgala & Hurst (1963).

65

I

50

no. organisms/g

40}

iV

Logio

J
| 30

Time (day)
Figure 1. Changes in number of organisms when stored at —22°c in the exper-
iment using Staphylococcus aureus. «, total counts of uninoculated samples on
PCA + 3% NaCl:' A, total counts of samples inoculated with Staphylococcus
aureus on PCA + 3% NaCl; o, Staphylococcus aureus count on SI 10.
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Figure 2. Changes in number of organisms when stored at 5°C in the exper-
iment using Staphylococcus aureus. *, total counts of the uninoculated samples
on PCA +3% NaCl: total counts of samples inoculated with Staphylococcus
aureus on PCA + 3% NaCljO, Staphylococcus aureus count on SI 10.

The effect of storage at 5°C on S. aureus

~ The increase in S, aureus counts until day 3 was not significant, but in the
interval from day 3 to 13 a significant decrease was recorded _g_:lg. 2). Since
these decreases were accompanied by a drop in pH and a significant Increase
in the total viable count, it may indicate that it was due to the lactic acid group
of hacteria. This agrees with ‘the_findings of Graves & Frazier (1963), who
r%ported that species of Lactobacillus cause inhibition of S. aureus. From da
13 to 28 a gradual but significant increase in the S. aureus counts was recorded.
This could De explained by the development of a less antagonistic flora and a
more favourable pH (Table 1). In the Interval from day 28'to 35, a significant

Table 1. Changes in pH means at 5 and 16°C when Staphylococcus aureus was the test organism

Uninoculated Inoculated Uninoculated Inoculated
Day samples at 5°C samples at 5°C samples at 16°C samples at 16°C
0 59 59 6.0 6.2
1 58 59 5.1 58
3 6.1 6.2 - e
4 - - 51 5.1
8 6.0 59 59 8.0
13 59 5.6 8.0 9.5
17 53 53 —~ —
20 - - 9.7 10.2
22 54 5.6 — -
25 — — 10.4 10.7
28 5.6 6.7 10.6 10.7
35 6.5 1.75 105 10.7
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Figure 3, Changes in number of organisms when stored at 16°C in the exper-
iment using Sta hglococcus aureus. «, total counts of the uninoculated samples
on PCA + 3% NaCl: A, total counts of samples inoculated with Sta(lf)hylococcus
aureus on PCA + 3% NaCl;o, Staphylococcus aureus counts on SI 10.
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Increase in all counts was recorded. This coincides with the continued increase
in pH. The changes observed in the uninoculated samples were similar to those
in the inoculated samples as were the pH trends.

The effect ofstorage at 16°Con S. aureus

During the first 8 days of storage all counts increased significantly (FI([]. 3[).
Following day 8 no significant changes occurred in the staphylococci counts. In
the case of the total counts of the inoculated samples, the decrease recorded on
day 13 was significant but following this there were no significant changes. The
latter may have resulted from unfavourable pH or lack of nutrients as noted by
Daly, Sandine & Elliker (19723. The uninoculated sam_P_Ies showed a significant
increase between day 0 and 25, followed by a 3|?n| icant decrease. ‘The FH
trends are illustrated”in Table L The pattern for both types of samples was the
same, but the increases for the inoculated samples were greater.

The effect ofstorage at —=22°Con S. typhimurium

The marked decrease inS. t¥ph|mur|um counts during storage was significant
(Fig. 4). At the conclusion of the experiment on day 32, 10.4% of the initial
number of Qr%amsms inoculated on, remained viable. The trend obtained for
the total coiints was similar. The total counts of the uninoculated samples had
values less than 3 x 103/g throughout the experiment. These results are in
aqreement with the findings of Woodburn & tronP (1960) and of Enkiri &
Alford #971)' The latter recorded the survival of salmonellag when inoculated
on to the surface of meat and stored at —18°C over a period of 10 weeks,



Figure 4. Chan _
iment using Salmonella typhimurium.

Survival o f S. aureusand S. typhimurium on bacon

Logp no. organisms/g

4 L 1 L 1 1 | I

Time (day)

21

qes in number of organisms when stored at —22°C in the exper-

Salmonella typhimurium counts on BGA.
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Figure 5. Changes in number of organisms when stored at 5°C in the exper-
iment using Salmonella typhimurium. *, total counts of the uninoculated

samples on PCA + 3% NaCl.

3% NaCl. o, Salmonella typhimurium counts on BGA.

The effect ofstorage at 5°C on S. typhimurium

A significant increase in the S, typhimurium counts occurred during the first
2 days of storage, while in the interval day 2 to 13 the chan

significantly % :
the remainder of the storage period. The percentage survival of S. typh

(Fig.

5). Salmonella counts yielded a significan

!

total counts of the inoculated samples on PCA +

es did not differ
decrease during
imurium

at this temperature was greater than at —22°C. The results are in contrast to
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those obtained for S. aureus when stored at 5°C. These results are horne out by
the work of Goedpfert & Chungc(1970), who noted the ability of Salmonella to
survive protracted storage at 5°C when'inoculated on to the strface of luncheon
meats but grew when incubated at room temperature. Angelotu, Foter & Lewis
(1961) observed no growth of salmonellae in custard or ham salad between 4.4
and 10° C; however, ‘in chicken a Ia king growth of salmonellae occurred at
temperatures, of 6.7°C and above. Thesé authors concluded that growth of
salmonellae in perishable foods was prevented when the internal temperature
was at or below 5.6°C.

Log,o no. organisms/g

° L 1

1

e &)
Figure 6. Changes in number of organisms when stored at 16°C in the exper-
iment using Salmonella typhimurium. ¢, total counts of the uninoculated

samples on PCA + 3% NaCl; A, total counts of the inoculated samples on
PCA + 3% NaCl. o, Salmonella typhimurium counts on BGA.

The effect of storage at 16°C on S. typhimurium

~ The increase recorded in Salmonella counts until d_a¥ 7 was significant, while
in the interval day 7 to 18 the numbers did not difer S|?n|f|cantl (If|g. 6).
Following day 18 a significant decrease was noted. This latter resulf may have
arisen from competition for nutrients. The overall increase in S. typhimurium
numbers is to be expected as the temperature becomes more favourable for
%owth. Matches & Liston 19722 noted growth of Salmonella at 12°C, when
he salt content was 3,5%. The total counts of the inoculated samples increased
significantly to a maximum on day 7, followed by a significant decrease d_urmg
the remainder of the experiment. The uninoculated samples showed a continue
increase during the storage period.
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Conclusions

From the work reported here it can be concluded that both S. aureus and S,
tyfpmmurlum can survive storage at —22°C, over aperiod of 30 days. If a sample

hacon Is contaminated with sufficient of these organisms (greater than
1 X106/g; Frazier, 1967) prior to storage at —22°C, theré is the possibility that
food poiSoning may occur. At 5°C staPhYIococm 'show a marked increase in
numbers. If a sample is contaminated with this or?amsm sufficient growth may
occur to cause illness. In the case of Salmonella stored at 5°C, unless present in
sufficient numbers to, cause infection, Prlor to storage, there is no hazard. At
16°C, if either organism_Is present initially, sufficient growth could occur to
cause infection or poisoning.
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Pasteurization of dried egg white by high temperature storage

M. D. NORTHOLT*, N. WIEGERSMAf and M. VAN SCHOTHORST*

Summary

Inactivation of Salmonella oranienburg and some other members of the Entero-
bacteriaceae during high temPerature storage of egg white flakes and powder
was studied. During thé manutacture of egg white flakes, microbially fermented
egg white was inoculated with the test organisms, blended with Citric acid or
ammonia, and pan dried. Similarly enzyme fermented egg white was inoculated
with test or?amsms and spray dried. Storage for 2 weeks at 55 or49°Cgi_ave a
6— decimal reduction of the test organisms in flakes and powder respectively.
The heat resistance of S. oranienburg was greater than that of the other Entero-
bacteriaceae tested.

Introduction

Raw eg? products are freﬂuently contaminated with Salmonella, therefore they
are pasteurized in order to protect the consumer. Pasteurization is important
particularly for egg white used in nougat creams, marshmallow -Wh'F and in
other confectioneries, because these products are cooked insufficiently to kill
Salmonella. Of the various methods of pasteurization a preferred method is the
storage of the dried product in a ‘hotroom’ for a number of days at about 50°C
(Ayrés & Slosherg, 1949). This method is not detrimental to the functional
proEertles of the dried product, and when the product is heat treated in the
package, recontamination is impossible (Banwart & Ayres, 1956). Hotroom
pasteurization is now a common practice in the production of pan dried egg
white and spray dried e(};g white, but insufficient data_ are available on the
m|crob|ol_0(]1|cal aspects of the treatment and the_bacteriocidal effects of the
commercial process preceding the hotroom pasteurization.

The present study was conducted in order to determine the minimal hotroom
temperature and strage time necessary to give a 106 reduction ofS. oranienburg

Authors’ addresses: * Laboratory for Zoonosesand Food Mlcrobmlogg, National Institute

of Public Health, P.0. Box 1, Bilthoven, The Netherlands and t Doctoral Student, Laboratory

for Food Microbiology and Hygiene, Agricultural University, Wag_enm en, The Netherlands.
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and other members of the Enterobacteriaceae when these were inoculated into
fermented egg white during the manufacture of egg white to flakes and powder.

Materials and methods

Test organisms

Salmonella oranienburg was chosen as a test organism because this serotype
was reported b?/ Banwart & Ayres _(195’8? to be more resistant than other
Salmonella serotypes to hotrooni drying. Moreover this serotype is frequently
isolated from egg products. Other fest orﬁanlsms were Enterobacter cloacae,
isolated from spray dried egg white, Klebsiella Fneumonlae and Proteus vulgaris,
isolated from meat and bone meal respectively, Enterobacter aerogenes and a
GYrobacter sp., strains of both showing a greater heat resistance than Salmonella
during the manufacture of feed pellets (O. Pietzsch, personal communication).

Pan dried egg white experiments

Deep frozen, fermented egg white was obtained from a commercial eg%
groces_smg lant using a fermentation method with an un3ﬁ90|f|ed mixture 0
acteria and yeasts. Atter thawing, 12 litre amounts of egg white were inoculated
with 18-hr old cultures of the ‘test organisms in brain heart infusion broth
resulting in an initial number of 107 to” 108 test orp};amsms per ml egg white,
Four hours after inoculation the pH of the egg white was adjusted with 25%
ammonia or with 10% citric acid. The ‘oH agjustment was according to the
practice of the manufacturer. After a holding period of 24 hr at 20°C the egg
white was poured onto trays to a depth of Z cm. The egig white was dried in'a
forced air oven for 48 hr. Drg/ bulb temperature and refative humidity in the
oven were 40°C and 40 to 45% R.H. respectively. The dried flake was broken
up, mixed and placed in 250 ml screw capped jars. After holding the jars for
24°hr at 40°C (in order to simulate the increase of temperature “in the
commercial package) the incubation temperature was adjusted to the required
hotroom temperature of 49, 51, 53 or 55°C.

Spray dried egg white

Deep frozep egg white, treated with the enzyme glucose oxidase in order to
removg the Pucoqsqe,was obtained from acommgrualgeg? processing ppant. fter

thawing, 120 litre of eg%,wmte was inoculated with test organisms as described
for the pan dried egg white experiments, however, Salmonella was not used as
a test or%ams_m,_ in Order to avoid contamination of the commercial scale spray
dryer. The liquid egg was spray dried according to procedures considered b
the egF processing Tndustry to give a product having acceptable functional
Eroger les, Products with various moisture contents were obtained by adjusting

oth the inlet temperature (157 to 184°C) and the feed rate. After drying, the
powder was stored at 49, 51, 53 or 55°C,
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Bacteriological methods

The level of organisms present after inoculation was determined by plating
on violet red bile agar %leco B12) with 10q glucose per litre (VRBG); the plates
were incubated for 24 hr at 37°C. To estimate the number or organisms Rresent
after the addition of citric acid or ammonia, after dr?]/m_g, and during the hot-
room treatment, the Most Probable Number technique including a pre-
enrichment sta?e and using five tubes or flasks for each dilution was applied.
Depending on the number of test organisms expected, 100, 10 and 1g of the
Eroduct were transferred to a ten-fold larger volume of buffered peptoné water.

urther serial dilutions were also made in buffered peptone water. To estimate
the survwmg population of Salmonella, 1 or 10 ml of the dilution in buffered
peptone water incubated at 37°C for 16—20 hr was transferred to 10 or 100 ml
respectively of tetrathionate bile brilliant-green medium (ISO 3565). After
incubation” for 24 and 48 hr at 37°C, loops of hroth were streaked onto
brilliant-green_ phenol red agar (Oxoid CM 329). Plates were examined for
thmaI colonies after 24 hr incubation at 37°C. To estimate the number of
the other Enterobacteriaceae 1 or 10 ml of the dilution in buffered peptone
water was transferred to 10 or 100 ml respectively of Enterobacteriaceae
enrichment medium (Difco 05662. After incubation in this broth for 24 hr at
37°C broth was streaked out onto VRBG; plates were incubated for 24 hr at
37°C and examined for typical colonies.

Moisture content

Moisture content of the dried grod_uct was determined by the loss in weight
of a2 ¢ sample upon drying at 105°C in a forced air oven for 48 hr.

Results

Results obtained for the inactivation of S. oranienburg in pan dried egg white
of 105 to 10.7% moisture during the two process methods are presented in
Table 1. Addition of citric acid or ammonia had a direct effect on the survival
of S oranienburg and an indirect effect later on during drying and hotroom
treatment. During the holding time of 24 hr after additiori of citric acid the
direct effect was slight; the inactivation was P_roportlonal_ to the amount of
citric acid added. During drying also an inactivation proportional to the amount
of citric acid added was rioticed. On the other hand a large amount of citric
acid had a slightly indirect effect on the inactivation of S. oranienburg during
hotroom treatment. The ammonia process method showed a marked inactivation
of S. oranienburg, directly after addition of ammonia, and dur|_n% hotroom
treatment. However, the inactivation during spray_ drying was sllgt t and not
proportional to the amount of ammonia added. Figure "1 shows that durin
drying and hotroom treatment S. oranienburg was more resistant than K.
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Table 1. Decimal reduction of Salmonella oranienburg during processing of pan dried egg

white (10.5—10.7% moisture)

With citric acid
Process step
47 4.9
During 24 hr after
BH adjustment 0.7 04
an drymg% 15* 14
Hotroom treatment
of 14 days
49 C —t 18
51°C - 3.3
53°C 19 2.8
55°C — 48

adjusted pH
5.1

oo
w©oro

3.6

9.6

o
o

* Per gram solids, before and after drying,
f Not tested.

9.7

=
oo

9.8

oro
M~

o

With ammonia adjusted pH

10.0

pneumoniae, Citrobacter and P. wulgaris. In the hotroom, the inactivation
of Citrobacter and other Enterobacteriaceae was more than a hundred times
greater than that of S. oranienburg. In other experiments with pan dried egg
white with a lower moisture level (8.7 and 9.2%) we found that the inactivation
of S. oranienburg was similar to the results presented. The results of Salmonella
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Figure 1. Reduction of test organism during acid treatment at FH 4.9, pan drying,
and storage at 53 C. ¢, Salmonella oranienburg; O, Klebsiell

Citrobacter; U, Proteus vulgaris.

a pneumoniag;
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Table 2. Decimal reduction of three test organisms during processing of spray dried egg white

Citrobacter sp. Klebsiella pneumoniae  Enterobacter cloacae
Processs t e p

Dry product, moisture (% w/w)
59 68 79 88 52 60 6.8 58 6.9 8.8

Spray drying 40 40 29 21>45 >45 >45 2.1 2.5 18
otroom treatment

of 14 days

49°C 49 45 _—t - 54 57 57 - - -
51°C 52 62 - - - - — - -
53°C 55 60 - 13 — - - 6.4 6.7 >8
55°C 62 65 71 — 66 60 6.6 — — —

*

O oo |

er gram solids, before and after drying,
t Not tested.

shown in Fig. 1 were obtained in a test, which differed from that used for
Table 1 The results in the tests a%ree after adding 1 to the total reduction in
F#? & necessary to compensate the change of MPN per ml to MPN per g
affer drying,

The ¥esglts for spray dried egg white are shown in Table 2. The inactivation
of the test organisms Wwas greater during spraying of a low moisture egg white
Powder. However, the inactivation in a low moisture powder durm(l;_ otroom
reatment was less than that in a high moisture powder. The inactivation of
E. aerogenes, not shown in Table 2, was similar to that of K. pneumoniae. At
a hotroom temperature of 53°C the inactivation of Citrobacter in spray dried
egg white with a low moisture content was about 2 log greater than the
inactivation of S. oranienburg in pan dried egg white,

Discussion and conclusion

The elimination of salmonellae from egg products bY asteurization is often
checked by the relatively simple presence/absence test for Enterobacteriacea.
In order fo meet a spécification requiring absence of Enterobacteriaceae in
0.1 g of product, a reduction of 106 i3 needed, because the number of Entero-
bacteriaceae in the fermented egg white frequently amounts 106 per ml of
Imlmd eﬁg white, or 107 per g of dry product, "Although the number of
salmonellae might be very small’ compared with the total number of Entero-
bacteriaceae, a reduction”of 106 is required to achieve absence of Salmonella
in a large amount of product. In pan dried egg white, this de?ree of inactivation
of salmonellag isachieved by the Citric acid process with a hotroom temperature
of 55°C. In the ammonia”process an effective inactivation of salmonellae is
?chlev%aféer adjusting the pH to 9.8 in combination with a hotroom tempera-
ure of 49°C,
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Ain order to evaluate the results of spray dried egg white the inactivation of
Citrobacter has to be compared with that of S oranienburg. In pan dried e%g
white the inactivation of Citrobacter was 2 log greater than that of S
oranienburg gl_:lg. 1). Banwart& Ayres (19562 demonstrated with A oranienburg
a higher inactivation in spray dried product than in pan dried product. Results
of McBee & Cotterill (1971) showed a more than 108 inactivation of S
oranienburg after sPray drying and hotroom storage. Therefore, the conclusion
can he drawn that an 108 inactivation of Citrobacter guarantees effective
reduction of S. oranienburg. In the spray dried product this was achieved at a
hotroom_ temperature of 49°C. _ _

The difference in inactivation of S, oranienburg and other Enterobacteriaceae
tested in our experiments was surprising. However, the results explain the data
of van Schothorst (1977), who isolated” Salmonella from a 25 ? samﬁle of pan
dried egg white although Enterobacteriaceae were absent in q This means
that after processes causing different inactivation rates for Salmonellag and other
members of the Enterobacteriaceae, the presence/absence test for Entero-
hacteriaceae, although of value as a check for reconfamination, is not useful to
check for the absence of salmonellag. Salmonellas should be tested for directly
in dried egg white pasteurized by the hotroom treatment.
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Evaluation of spices and oleoresin-VI-pungency of ginger
components, gingerols and shogoals and quality

SHANTHI NARASIMHAN a n d v.S. GOVINDARAJAN

Summary

The pungent compounds of gmger had earlier been shown to be homologous
gingerols, the dehydration product shogaols and the degradation product
zingerone. The changes in these compounds are reloorted to affect quality with
reduction in pungency and formation of off-flavour, Contrary to ‘earlier
assumptions, careful threshold tests for pungency of different oleoresins and
Punﬁed pungent isolates, gingerols and_sho%_aols established that shogaols are
wice as pungent as mgierols. With this ratio of pungency of glntgerols and
shogaols, the calculated values agreed well with the estimated values of pungency
in different %mger oleoresin samples. Occurrence of other non-pungent phenolics
with close Rt values to the pungent compounds have been confirmed.

Introduction

Ginger, a spice known from very early times is valued for its characteristic
aroma and pungency. Though in Use for many thousands of years the nature of
components contributing to these two sensofy qualities have been studied only
in the last hundred years. Connell (1970) reviewed the early work on the aroma
and pungent compounds and summarized recent work of his studies on Australian
ginger. He showed that the major pungent constituents of ginger are a mixture
of "0-methoxy phenyl alkanones, ‘the gingerols, with varying Iengths of side
chains and sho%aols the related dehydration Joroduct. Based on the aldehyde
released from the side chain on alkaline degradation, he propgsed naming thiem
66)—, (8)— and (10)—gingerols. The thrée gingerols were found in the ratio

:13:31 (Connell & Sutherland, 1969). By analysis of ginger oleoresin from
fresh green ginger, sliced and umle dried mger, whole dried ginger and
oleoresin stored”over 18 months from the same baich of?m er, Connell"(1969)
showed the decrease of gingerols and increase of shogaols, both due to drying
conditions and storage of oleoresin. These progressive storage changes i the

Authors’ address: Sensory Evaluation Discipline, Central Food Technological Research
Institute, Mysore 570 013, India.
0022-1163/78/0200-0031 $02.00 © 1978 Blackwell Scientific Publications
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B ngent constituents have been confirmed by the recent guantitative studies
Y nanthakrishna & Govindarajan (19743. In another analysis of a number of
oleoresins of varying quality, Connell (1969) demonstrated that high quality
oleoresin had _Predommantly gingerol and some sho%aol while the “oleoresins
of lower quality showed the reverse P_ropomons of the two constituents. An
oleoresin considered very looor in quality with off flavour had neither gingerol
not shogaol but only a small quantity of zingerone, a degradation product. Thus
the proportion of gingerol homologues as also the proportion of gingerol,
shogaol and zingerone can vary depending on the source, processing conditions
and length and conditions of sforage.

Rewewmﬁ1 pungency of synthetic analogous compounds, Dyson (1950)
concluded that &enerally unsaturated compounds were more pungent while
Pravatoroff (1967) generalized that unsaturated chemical combinations are
less pungent than' their partially reduced products. However, in these early
experiments the determination” of sensory pungency may not have been
evaluated rigorously. _ T

Though no experimental evidence is given it has been stated by Kulka
1967) and quoted by Connell (1969) that sho?aol IS less pungent than gingerol.

mg%ero_ls and shogaols are_essentially fpungen compounds and the significance
of their relative “proportion in different gingers and conversion due to
protc_essmg and storage to total flavour quality would appear to require exam-
Ination.

In this communication we have examined the pungency. of isolated gingerols
and shogaols and fresh and stored oleoresins with var_Ymg gingerols and shogaols
content objectively estimated and their sensory quality.

3

2
u

Materials and method

Commercially dried whole ginger and sliced and quickly dried ginger were used
for the preparation of oleoresing in the laboratory by column percolation using
ethylene _dichloride. Along with these oleoresing, samgz)les obtained from
commercial sources, stored”at ambient temperature for 12 to 36 months and
one alkali treated sample were also used in the experiments.

Method

%uanmanve_ estimation of gingerols and shogaols content was done by the
(T1|g721t)aSte testing procedure developed by Ananthakrishna & Govindarajan
_Gmgnrols and shogaols were isolated from several preparative TLC plates
usm?_ e same solvent system and procedure for quantitative estimation and
purified by repetition of the TLC separation. _

Sensory pungency of oleoresins and. isolated gingerols and shogaols were
determined "hy "the "procedure standardized in our laboratory (Govindarajan,
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Table 1. Pungent compounds (%) and pungency (SHU*) of ginger oleoresins

Pungency (SHU*)
Sample Gingerols  Shogaols  Estimated  Calculated
At BJ

Sliced, dried fresh 26.8 13 25.7 18.0 22.1
Commercial dry ginger, fresh 20.3 41 21.3 18.3 214
Commercial, old 8.8 12.9 25.4 24.6 259
Laboratory dried, fresh 22.2 18 17.0 16.0 19.3
Laboratory dried, alkali treated 2.5 155 24.6 24.7 25.1

* SHU, Scoville heat units in thousands,
t Calculated using pungency values from Table 2. _
t %aglc)téla%%%)usmg pungency value of shogaol as 150 X 103and gingerol as half of shogaol

Shanthi Narasimhan & Dhanaraj, 1977% and expressed as Scoville Heat Units
(SHU). These tests were done as threshold tests. The standardized procedure
Involves screening panelists for homogeneous sensitivity and training for
av0|d|n? bias, use of dilution series of test samples in 3% sugar solution, with a
concentration difference with one just noticeable difference’ levels. The results
are expressed as mean 0. The panel sensitivity is defined in terms of threshold
value for pure piperine which helps in comparing the values from panels of
different sensitivity.

Results and discussion

The gingerols and shogaols. content in_some samples of oleoresin and their
pungency in SHU is given in Table 1 The oleoresins varying widely in their
gingerol “and shogaol “contents, showing similar sensory pungency Set us on
checking the earlier observation on the pungency of gingerols and shoanIs.

The Isolates of gm?er_ols and sho%aols from the preparative TLC plates
were estimated by analytical TLC and were confirmed to be free from each
other but still Contained traces of the adjacent higher Rf non-pungent
components. The individual pungency of these purified pungent compounds
by the standardized threshold method are given in Table 2. _

The results clearly establish that shogaols contrary to earlier observations,
exhibit more than fwice the pungency of gingerols.”The quantitation of the
pungent compounds are based on the colour values determined by reaction
with Folin-Ciocalteau reagent, and we have no reason to believe that gingerols
and shogaols will react in different ways or to different degrees that would
explain the difference in loungency now found.

Gm%lerols and shogaols are very well separated by TLC (Rf 0.3 and 0.7
respectively) and there is no possibility of any contamination of each other.

3
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Table 2. Pungency (SHU*) of purified gingerols and shogaols

Component (Fgaa e*) ('\éeHan)cr
Gingerols 54.50 -- 63.50 60.57 £2.43
Shogaols 136.00 - 160.50 150.50 £8.38

* SHU, Scoville heat units in thousands.

However it has been well established in our earlier paper that there are some
henolic compounds, haymP no pungency which occ_up}/_ adjacent areas on the
LC plates and it is likely there s some contamination ‘with these, in the

separated gingerols and shogaols (Ananthakrishna & Govindarajan, 1974).

These non-pungent compounds have similar ultra-violet and infrared spectra

as gingerols and shogaols (unﬁu,bhshed observations). These may be the

hom_olc%ques with longer side chains 510)—, (12)- reported to have hlgher

Rf in TLC (Connell & McLachlan, 1972) or the gingediols and gm%edlace ate

which have recently been re{)ortedb the Japanese gq7roup (Murata, Shinohara &

Miyamoto, 1972; Masada et al., 1974). Connell (1970) or Masada et al. _?1974)

do not record if the gingerols having shorter or longer side chains differ in

|nten5|t¥_ of pungency .or have any pungency. However in line with the
observations on synthetic analo%s of capsaicin (Nelson, 19192, and the paradols

(Locksley, Rainey & Rohan, 1972), it could be exgected that highest pungency

IS noted”in the dominant natural product, the ( )-gmgierol and (6)-shogaol

and other analolgswnh shorter and longer side chains have Tower or no pungency.

Murata et al. (1972) record that the gingediol tastes more bitter than pungent.

Our observation is that these adjacent spots do not show any pungency even at

as low a dilution level of 2000, & thirtieth of the dilution for gingerol. ~
_The value of twice the foun encY for shogaol than gln?erol would explain the

high pungency obtained for the old sample of gln?er oleoresin which analyses
to lower gingérols and higher shogaols (Table 2)."A fresh %lnger oleoresin sample
treated with alkali to convert part of Ig};mgerol to s_ho?ao according to Connell

& Sutherland 519691 showed that with a'decrease in fotal pungent'compounds

and individually a ar?_e decrease in gingerol and an increase in shogiaol N

determined by TLC estimation, pungency increased in the treated sample over

the untreated samPIe. This confirmed the results obtained with pure ngeroIs
and shogaols. While the actual valug in SHU for the pungency of gingerols and
shogaols could vary with the sensitivity of the panel used ‘in the Subjective
testing, the ratio of values for gmgerol_s to shogaols would remain. the samg

(Go_vmdara{an et al, 1977). Thé sensitivity of the panel used in this study is

defined as 100 000 SHU for pure piperine. _ _ _

In view of the difficulties of preparm? and checking the purity of gingerols
and shogaols, we have attempted to relate the estimated pungency (in SHU) of
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five samples of fresh and stored oleoresins b calculatm% the pungency from
objectively estimated values of gmgerols and shogaols (Table 1% usm? the mean
threshold” values given in Table Z for pure gingerols and shogaols. Data in
column 5 of Table 1 show that in the case of stored or treated oleoresins
which have higher sho%aol contents the calculated pungencies _a%ree closely with
the estimated ones, whereas in the case of fresh oleoresins which have a greater
proportion of gingerols to shogaols the agreement is less close. However, the
vﬁmscﬂcMMmﬂa%umm%thepmmmm of gingerol as one half of shogaol
given in the last column of Table Lhave shown the best aqreement between the
estimated and calculated values. This would indicate that the threshold value
for shoPaoh is truer and hence the Rurny of this component is better than
gingerols. Thus a more accurate threshold value of the {)ungent homologues of
gmgerols and shogaols would be 75 X 103and 150 X 103 respectively. This is
helngI checked with further purification and evaluation of individua
omologues. _ _ _

In these and related studies we have found that the conversion of gingerols
to shoqaoh per se does not have any relation to aroma quality an an*
observation of lowering of flavour quality by Connell should only be coincidd
and not causative. However in oleoresins where hoth shogaols and gingerols are
low and zingerone is found, the off flavour is clear due to the degradative
formation of the aldehydes which are well known to contribute to off-flavours.
Our experience has been that even in oleoresins stored for about 36 months
at room temperature (27-30°C) the total_pungent compounds do not change
stMMmHybutmepm%mmynmm&%. his sample, was however rated poor
in aroma, possmIP/ more Decause of loss of desirable ?mger aroma attributes by
oxidative and polymerization reactions affecting the terpenic compaonents than
degradative formation of zingerone and aldehydes. The decrease in shogaols
content also does not appear to happen verK easily. The conditions under which
the formation and E)olymenz_anon of s o%aols occur as demonstrated 'bK
Connell (1969) are rather drastic, 120°C for 12 h, and not likely to be met wit
the normal production or storage conditions. The possibilitiés of degradative
conversion of gingerol to zingerone also appears not to he easﬂ;t/ occurring
under normal conditions of processing and reasonable storage, though the
0-hydroxy ketone group in gingerols i very susceptible. = _

In view of the higher pungency of shogdols established. in this paper and since
shogaols are found 1n most of thé commercial samples, it is necessar?/ to estimate
mtmmmmemhmﬂ%wuwmﬂmmmwm%mwwy
estimate its punqency. Any method which " estimates total phenolics or
%ngerols and related compounds alone grossly (Nambudiri et al., 1975) will

erefore be an unsatisfactory estimate "of pungency. Improvements to the
TLC taste testing method of estimating the two pun%ent components of gm%er
have been worked and will be published in_ another communication.” This
improved method is being used in the determination of punqent components
of gingerols and sho?aols in a number of oleoresins to develop a correlation
and predictive multipTe regression.

* .
vie u ¢ rmnwnfnrifrr
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Determination of ammonia in dressed thomback ray
(Raja clavata L.) as a quality test

W. VYNCKE

Summary

The sensory determination of ammonia in raw, steamed and hoiled ray wm%s
usmgba scoring system appeared to be a valuable method of quality asséssment.
The borderling of acceptahility was reached after 10 (x1) days in ice. A combi-
nation of the steaming and boiling tests (with addition of acetic acid and salt)
was useful to confirm definite spoilage or to indicate the approach to the
borderline of acceptability. _ o

The chemical determination of ammonia appeared to be a useful objective
method in addition to the orglanoIePtlc tests.

Thornback ray was borderline at a concentration of 60—0 m? N. From the
other related parameters determined (urea, pH, redox potential, total bacterial
count, a-amino nitrogen) only pH appeared to be of value.

Introduction

The occurrence of a_high level (1 to 2.5%) of urea in the muscle, blood and
organs is a_characteristic of the Elasmobranchs 1(sharks, rays, skates). During
spoilage, this urea breaks down with formation of ammonia_due to the activity
of hacterial urease (Simidu & Oisi, 1951). The often [aﬁ|d development of
ammonia in_cartilaginous fish causes problems to the fish trade of countries
such as Belgium where those species are oPuIar. o _

In a previous paper (Vyncke, 19705) he determination of the ammonia
content as an objective quality assessment method for several fish species and
crustaceans was evaluated and appeared to be useful for spurdog (Squalus
acanthias L.) and spotted dogfish (Scylliorhinus canicula Q.). This work was
continued on ray. Thomback _raY Raja clavata L.) which together with the
common skate %aja batis L.% is the most commonly landed species in Western
Europe. was chosen for the present experiments. Besides the chemical
determination, special attention was paid to the sensory assessment of ammonia.

Author’s address: Ministry of Agriculture, Fisheries Research Station, Ankerstraat, 1,
B-8400 OostendeéBeIglumg. o o
0022-1163/78/0200-0037 202.00 © 1978 Blackwell Scientific Publications
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Materials and methods

Fish

Thornback rays from the Southern North Sea weighing 25 to 3.5 kg and
2 (£1) days old at landing were prepared on the premises of a wholesale trader
by the method usually adopted for this fish species, i.e. severing the wings
fiom the tmnk and skinning them. They were washed by dipping them for
30 sec in tap water.

Laboratory methods

Ammonia: with the accelerated microdiffusion method described previously
(Vyncke, 1968a). _ _ .
rea; with Urease according to Conway (1962) but using the modified
ammonia determination. o
%H: measured_directly in minced fish with fqlass electrode. _
edox potential: méasured in expressed fish fluid (Vyncke, 1968h) with a
cotmblned platinum-calomel electrode after 5min stirring under a stream of
nitrogen,

a-Amino mtroaen: with 2, 4, 6-trinitrobenzene-1-sulfonic acid according to

g(%akel et a. (1960) on a 7.5% trichloracetic acid extract (4 g of fish per
ml).

Total hacterial count; c¢. 5 ¢ of muscle aseptically cut from the central part
of five ray wings and blended for 1 min in a sterile, arln([l blendor beaker after
addition of a tenfold of sterile water. An appropriate difution series was made
and the resulting suspension inoculated on Petri dishes containing Plate Count
Agar §D|fco); incubation time was 72 hr at 20°C, S _

ifferentiation of or%amsms on the basis of urease activity: fifty colonies
taken at random from the plates used for the total bacterial count were first
cultured on nutrient agar (Difco) slants in test tubes at 20°C for at least 4 days.
The bacteria were then_ inoculated on urea agar base (BBL Cockeysville, Mary-
land, U.S.A.) slants in test tubes, according to Christensen” (1946) bt
incubating for 1 day at 20°C. o _

Organoleptm tests: the degree of intensity of the odour of ammonia was
graded on raw, steamed and hoiled rays by a taste panel consisting of 3—4
members of laboratory staff experience on quality research on Elasmobranchs.
The following scale wds used:

5 —not present.

4 —just recognizable

3 —slight

2 - moderate

l—stro_n%.

The raw fish was allowed to warm up to room temperature before the test.
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Steaming was carried out in Pyrex dishes with loose lids over a boiling
water bath” for 30 min; about 200 g of boneless fish taken from five wm?s Were
used. The dishes were then placed in a thermostatic water bath kept at 60°C.
Ammonia was assessed immediately upon removing this lid. _

Boiling was performed in a litre’beaker containing a solution of 0,15% acetic
acid and™ 1% sodium chloride in water. The heaker was covered with a watch
?Iass. The fish (200 g) was introduced when the liquid was boiling and cooked
or 10 min. The sample was then removed and put in a Pyrex dish with loose
lid and further assessed as in the steaming test. _

General appearance, taste and texture were also examined.

Procedure

~ The ray wings were divided into two batches. A first batch was iced
immediately and stored at 0°C. In order to enhance spoilage and for the sake
of comparison, a second batch was kept for 15 hr in'a room at 15°C hefore
bem? iced and stored at 0°C. _ _ o

Al five time intervals after catching (Figs 1 and 2) five wings from each
batch were taken for objective and organoleptic tests, which were carried out
on pooled samples. . _ _

esides the determination of ammonia and its precursor, urea, pH and redox

potential were also measured as these parameters are linked to' the bacterial
ammonia_production; a-aming nitrogen was also determined as ammonia can
also be formed b}/ deamination of amino acids. Ammonia being freed by
bacterial action, total viable count and urease-producing organisms were
also assessed. _ o o

For the organoleptic tests, the bacteriological anal¥ses and the determination
of redox potential, whole pieces of muscle were cut from the wings. The rest
of the flesh was minced in an electric meat grinder and thoroughly mixed. The
mince was used for the chemical determinations. _

The experiments were repeated five times during the period January—May.

Results and discussion

The average results of the five experiments _are_re[)orted graphically in Figs 1
and 2. The range of ex?enmental data is also indicated.

Exposing the fish to a temperature of 15°C for 15 hr markedly ch_anPed
the spoilage pattern as measured b%/ the different sub{)ectlve and” objecfive
methods. This treatment decreased shelf life of the rays by 2 to 3 days. Usmg
the mentioned grading system for raw and steamed fish the taste panel judge
the rays to be of acceptable commercial quality up to a score of 3. The panel
however a?reed that in actual commercial pracfice this score could be 0.5 units

higher or Tower according to consumer acceptance. Score 3 was reached after
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Figure 1. Evolution of organole[)tic scores during storage of thornback ray in
ice », immediately iced;o , iced after 15 hr exposure to 15°C; R, raw odour score;
S, steamed odour’score.

9to 10 days (average 10r) for the immediately iced fish and after 6 to 8 days
(average 7) for the 15°C fish. o

When comparm% the scores of the raw and steamed fish gF|g. 1), the latter
ones appeared to De higher durln_?_ the first 6 or 7 days of storage. One could
conclude this test to be less sensitive. However, it should be emphasized that a
certain amount of blood is present at the surface of skinned rays, As Elasmo-
branch blood usually has a h|gher urea content than the muscle (S|m|du_, 1961)
and is readily attacked by Dacteria present at the surface of the fish, the
ammonia thus formed in an early stage of storage.is in fact not a qood indjcator
of shpona%e and can easily be removed by washing; the fish flesn itself is still
unchangea. o : . .

From a theoretical view-point, the steaming_ test could suffice, However,
as assessing the raw odour score does not require special preparations and is
rapid, it should also be carried out, increasing the reliability of the whole
organoleptic judgment, On the other hand, whén no ammonid is detected on
the raw rays, the steaming test can be omitted. _ N

After a series of scr,eenm? experiments it was decided to add a hoiling test
to the procedure, This test is nearer to actual consumer practice, where a
certain amount of vinegar is usually added to the cooking water to bind small
amounts of ammonia. The boiling test was performed daily as soon as the
score (raw and steam_ed? had reached about 3. Ammonia could not be detected
in the boiled ray until the product was really unacceptable. This occurred 1 or
2 days after reaching score 3 on the_raw or‘steamed rays. For quality control
(e.0."In cases of dispute) a combination of steaming and boiling tests could be
very useful, the latter indicating either that the Torderline of acceptabilit
has approached (when negative, the raw and steaming scores being around
or had been passed (when positive),



Ammonia (mg N/I00 g)

240

Ammonia in thornback ray

600 (-

Urea {(mg N /100 q)

41

pH
a-amino N (mg N/100 g)

Redox potential (mV)
Total bacterial count (log/g)

AN
AN
N\

N

150 ) T L |
2 4 6 8 10 12 14 2 4 6 8 10 12 14

Time in ice (day)

Figure 2. Evolution of %a; ammonia, (b) urea, (c) pH, (d? a-amino nitrogen,
(e) redox potential and (f) total bacterial count, during sora59e of thornback
rlag/ocln ice. -, Immediately iced (0°C); ——— iced after 15 hr exposure to

The other organoleﬁtm characteristic appeared to be less valuable with
skinned ray mes. Otner odours and flavours normally associated with fish
spoilage could also be detected but were dominated by the development of
ammonia and hence of less importance, No important discolorations were
observed except at the end of the shelf life when the wings became yellowish.
Texture became softer hoth in the raw and cooked rays but only when
approaching the limit of acceptability. _ _

hen comparing the graphs giving the evolution of the concentration of
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ammonia and the organoleptic scores (Figs 1 and 2), there appeared to be a
%ood relationship between both parameters. A slight odour (score 4—4.5) was
etected at a concentration of 30-40 mg of ammonia—N. o

The borderline of acceptability could be set at 60—0 mg which is higher
than the values noted earlier for dO?fISh, .e. 55—60 mﬂ (Viyncke, 1970) and
also above the limit of 30 mg quoted by James & Ofley {1971) for shark.

The concentration of the main precursor of ammonia, urea, decreased
sharply during storage. When comparing the figures for urea and ammonia
however it can be concluded that the leaching effect is much strongier than
the breakdown to ammonia. This is further confirmed by the fact that the
15°C curve runs parallel to the 0°C-curve when it would be expected to d|ver?e.

Owing to the develogment of ammonia, pH also increased significantly,
From a value of about 8 onwards however the progress was distinctly slowed
down. As the levelling-off effect occurred only” when the ray was practically
unacceptable, pH apPeared to be a good coniplementary quality assessment
method. The limit of acceptability could be set between 7.2 and 7.8, values
superior to 8 indicating definite _sp0|la%e. _

The determination™ of a-amino_nitrogen did not allow to conclude that
ammonia is also formed in significant amounts by deamination. The con-
centration in fact de?e_nds upon the rate of formation of new amino acids b
the breakdown ofﬁro eins and_ peptides, their deamination (and other reactions
and Ieachmq by the melting ice. Nevertheless, this test showed the activity of
the_bacterial €éxopeptidases to be greater than that of the deaminases when
stIage_was enhanced either by natural causes (growth of hacteria durmg
storage in ice) or art|f|0|all¥ (temperature influence). This could be assesse
by the fact that at the end of the storage period, when spmleﬁe Wwas pronounced
the content of a-amino nitrogen increased significantly. Moreover, the 15°C
samples showed a_h|%her value after a few days’ storage. As many amino
acids show an activafing effect on urease hy b|nd|n% heavy metals,” thereh
Protectmg the urease sulphydrylgroups (Pinter, Tashovski” & Karas, 1954),
bhe kréalanve increase of a-amino nitrogen probably also furthered urea

reakdown,

Bacterial activity was clearlg reflected by the evolution of the redox potential
making the medium more re ucmg with progressing spoﬂage. Exposing the fish
to a temperature of 15°C markealy decreased the potential. Values of 230—
250 mV Indicated the onset of spoilage, but some discrepancy was observed
between 0 and 15°C experiments in this respect, rendering fedox potential
measurements a doubtful objective quality method. _

Total bacterial count increased re?ularIK,durmg sp0|la?e. It can be noticed
that the initial load was already rather high, ranging from log 5.3 to 6.2
(average 5.7). It should be stressed that raefs have a large amount of very
viscous mucus on the surface and that confamination of skinned ray wings
with bacteria from this slime is difficult to avoid. For the same reason the
}Otatl‘; g/ltabl%count was high at the borderline of acceptability, ranging from
09 6.5 to 7.
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_From investigations by Liston (1957) the bacterial population of skin and
gills of skate (Raja spp.) appeared to be composed principally of Gram-negative
rods of the Pseudomonas and Achromobacter genera and ‘was in fact similar
to the population of other fish species of the North Sea. No further differen-
tiation of the microbial flora was carried out except for the organisms showing
urease activity.

Table 1. Differentiation of bacteria on the hasis of urease activity
(in % of total count)

Storage time (day)

Temperature
5 ! 10 12
0°C 20 25 29 36 44
15°C 20 3l 42 45 62

Although the culture medium used probably did not react on all urease
producing’ bacteria present, it was considered to give a good estimate of the
urease activity. The results reported in Table 1 indicated the percentage. of
micro-organisms  showing urease activity to increase 5|gn|f|cantl¥ urin
spoilage.” This was also confirmed by “the higher numbers of the 15°
experiment, where spoilage was enhanced from the beginning of the stor,agie
?enod. The changes.in B and redox potential are at least partially responsible
or the changes in"microbial flora, _ _

It should™ further be stressed that urease is known to occur in over two
hundred species of bacteria &S_umner & Somers, 1953) emphasizing the high
risks of ammonia development in Elasmobranchs. o _

The present experiments showed the chemical determination of ammonia
to be a useful objective test in addition to the organoleptic assessment of this
compound in ra¥. From the other related Parameters studied, especially RH
appeared to be of value. An ammonia conten exceedmgi 60 m? and a pH higher
than 7.2 should be regarded as indicating rays of suspect quality
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Changes in the heat stability of milk protein during the
manufacture of dried skim-milk

D. D. MUIR, J. ABBOT and A. W. M. SWEETSUR

Summary

The effects on the heat sfability of milk protein, when heated to 140°C, of
variations in milk composition &nd in processing conditions durlng_t_he manu-
facture of skim-milk powder have been mveshﬁated. The heat stability of the
skim milk powder was Iargel¥ determined by the stability of the original milk
and by the seventk/ of the forewarming tréatment applied durm_? Processmg.
|t was also shown that the heat stability of milk powder reconstituted to 10%
total solids could be optimized by adjustment of milk pH, by supplementing
the natural urea level and by applying & minimal forewarming treatment.

Introduction

The advent of sophisticated te_chnolodgy has enabled the modern milk processor
to tailor the physical properties of dried skim milk to satisfy a wide range_of
consumers _S_San erson, 1977). The factors controllm%_solubl ity, dispersibility
and wettability of powders are also well known and high standards of quah%
are routinely ‘acheived (American Dry Milk Institute, "1971). However, muc
less information is available concerning the chemical stability of protein in
dried milk although in some end uses, such as custard formulations and as
whiteners, in hot Deverages, the heat stability of milk protein assumes con-
siderable importance. o _ .
Sweetsur (1976{) examined the stability of ‘instant’ dried skim-milk when
added to hot coffee and showed that the formation of insoluble material
was inversely related to the maximum coagulation time (CT) of the re-
constituted powder measured at 140°C and directly related to the casein
number of milk protein (i.e. the_f)ercentage of milk’ protein precipitated at
pH 4.6). As the history of the milk from which the powders were made was
unknown, it was not possible to differentiate between natural variations in
heat stability of the raw milk supply and subsequent changes brought about by

Authors’ address: The Hannah Research Institute, Ayr, Scotland, KA6 5HL.
0022-1163/78/0200-0045 202.00 © 1978 Blackwell Scientific Publications



46 D.D. Muir,J. Abbotand A. W. M. Sweetsur

denagur)atmn of milk protein during processing (leading to increases in casein
number).

The object of the investigations reported here was to establish_the relation
between the heat stability (measured at 140°C) of the protein in skim-milk
and that of the milk protein after processing to milk powder. In addition, the
experiments were designed to simylate the relative effects of seasonal variation
in“heat stability and the changes in heat stability which could be induced by
variation of processing treatment. _

~ Recent studies have demonstrated that the naturally occurring level of urea
in milk is a major determinant of heat stability éMuw Sweetsur, 1976 19773
and in addition that, with the exception of a 6 week period in late May an

early June, the heat stability of the milk sup_PIy to manufacturing creameries
in south-west Scotland is h|?hly correlated with"the urea level QC. olt, Muir &
Sweetsur, unpublished results). Therefore by manipulation of the urea level
in milk it is possible to simulate seasonal variations in heat stability.

The manufacturing Proc_ess for milk powder consists of three distinct stages,
(@) Heat treatment of skim-milk —technically called forewarming —which
reduces microbial contamination but which, in special cases, is also used to
improve powder characteristics (for example, Greenbank et al., 1927 showed
that the properties of powders used in bread-making are improved by severe
heat treatment), (b) Concentration of the forewarmed milk to a level of 20—50%
total solids by evaporation of water under reduced pressure and, (c) spray
drym? the coricentrate to remove all but 3—4% of the remaining water.

In Taboratory studies, the fore_warmmg treatment has been shown to influence
heat stability gSWeetsur & White, 1974) probably as a result of whey protein
denaturation” (Sweetsur, 1976). Therefore in thi$ work, the extremes of fore-
warming treatment likely to occur in commercial practice were simulated by
two contrastmp procedures. The minimum heat treatment reguwed to pasteurize
milk was employed as the first treatment and in the second case the milk was
heated in conditions which promoted almost complete denaturation of the
whe?]/_protems éDa\_nes&Whne, 1959). N _ _

This paper details the changes in"heat stability which occurred during the
manufacture of dried skim-milkin experimental situations designed to represent
the extremes of variation both in the nature of the raw-milk Supply and in the
processing conditions used.

Materials and methods
Materials

Bulk milk (90 litre) was collected from the Hannah Research Institute Farm
bulk tank (durmg December 1975), warmed to_approximately 40°C and the
fat then separated using a continuous-flow centnfu?al separator. After cooImE
to around 20°C, ureag
(40 litre) at a level of
Wwas used as the control.

Analar Grade) was added to one portion of the mil
26 ¢ per litre and another 40 litre'sample of the milk
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The control and urea supplemented milks were each then sub-divided and
subjected to a heat treatment, For each urea level, one sample of milk was
pasteurized by holdm% the milk at 64°C for 30 min and another sample of
each milk was heated at 85°C for 30 min.

Preparation ofpowders

Immediately after heat treatment the four sub-samples of milk were introduced
into a small-scale sm%Ie pan Scott evaporator and concentrated to about 38%
total solids (TS), The temperature of the milk during concentration was
maintained around 52°C, _ o _

After concentration, the milk samples were dried in a Scott spray drier
equipped with a disc atomizer, Average drying conditions were: air inlet
temperature 135°C and air outlet temperature 85°C, chamber temperature
105°C. The moisture contents of the powders were less than 4.0%. The
powders were stored until required for testing in air tight containers.

Analyses

Total solids_ content of skim milk and concentrate was estimated by the
appropriate British Standard Method (1963). Moisture content of the powders
was measured b _drym% to constant weight in a fan-assisted oven at 102°C,

The urea levels in milk, concentrates and re-dispersed J)owder were measured
?{9 7t2)e method of Fawcett & Scott (1960) as adapted by Muir & Sweetsur

The amount of whey protein dénaturation was estimated by measurement of
the casein number as described in Sweetsur (1976).

Heat stability

The heat stability of the milks was determined by observing the time taken
for visible clots to” appear when the milk was heated at 140°C. The milk pH
was adjusted by the addition of HC1 or NaOH, and the coagulation time (CTJ/pH

rofiles were measured by the subjective method of Sweetsur & White (1974).

he CT/pH profiles, of concentrate’and powder were measured after dilution of
the material with distilled water to the TS concentration corresponding to the
original skim-milk.

Results
Whey protein dénaturation during processing

Heat freatment of milk may promote significant dénaturation of the whe
protein if the temperature of processing exceeds 60°C (Davies & White, 1959].
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Table 1 Changes in the level of whey protein dénaturation during the production of skim-
milk powders

Casein number*

Treatment Control milk Urea-supplemented milk
low heat’ ‘high heat’ low heat’ ‘high heat’

Skim-milk 19.2 79.2 8.0 78.0

After ?asteunza_tlon! 81.3 n.a. 19.4 na.

After forewarming! n.a. 914 n.a. 9298

After spray-drying 80.3 91.2 785 89.0

n.a. = not applicable. _ o

* Casein number = Qercentaae of total nitrogen precipitated at pH 4.6.

f Milk heated at 64°C for 30 min.

$ Milk heated at 85°C for 30 min. _

§ Approximate value found in a small-scale experiment, large-scale sample was lost.

Since most of the denatured whey protein co-precipitates with casein at pH
4.6, measurement of the casein number of the milk or milk product provides
a useful indjcation of the level of dénaturation. _ _
The casein numbers of the skim-milks and powders were determined during
Processmg and the results are shown in Table L1 For the low heat’ powders
he casein number showed little change during processing indicating that only
slight deénaturation of whey protein occurred during pasteurization and that
the subsequent operations of concentration and drrmg had little further
effect. The results of forewarming at 85°C on the control and urea-supplemented
milks were in contrast to those for the low heat treatment: in both cases
heatmgi at 85°C denatured over 75% of the wheY grotem. These findings
parallel those of O'Connor, McKenna & O’Sullivan &9 92 who also found that
during the manufacture of skim-milk powder most of the whey protein dé-
naturation occurred during the heat treatment of milk prior to concentration,

Changes in heat stability during processing
The effect offorewarming treatment

In_this work, the heat stability of the milks was measured over a large range
of milk pH values because small”changes in milk pH can cause large changes In
CT (Rose, 1961a1. Therefore, measurement of CT of milk or re-constituted milk
at a single pH value may %IVG a misleading impression of overall changes in heat
stability. Manipulation "ot the pH of concentrated milk and milk powder is
possible within the current food legislation and addition of suitable salts to
milk powder is included in the new proposals for ‘Regulations on condensed

r{\gial7k6)and dried milk products” (Ministry” of Agriculture, Fisheries and Food,
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Figure 1. Effect of preheat treatment and addition of urea (0.26 g/litre milk) on
the coagulation time (CT)/pH profile of milk, o, milk; «, milk + urea; (a), no pre-
heat treatment; (b), low preheat treatment (64°C, 30 min); (c), high preheat
treatment (85°C, 30 min).

The CT/pH profiles for the control and urea-supplemented milks are shown
in Fig. 1(a). The effect of high urea concentration was marked over a wide
range of milk pH values but, as reported previously (Muir & Sweetsur, 1976,
1977), urea had less influence on CT within the ‘minimum’ of the CT/pH
profile (6.65<milk pH<7.10). Nevertheless, the CT/pH profiles were
representative of the extremes ofseasonal variation observed in Hannah Research
Institute bulk milk over a 2 year period.

Heat treatment of the skim-milk for 30 min at 64°C did not cause a signifi-
cant change in the CT/pH profile (Fig. 1(b)), but forewarming at 85°C for the
same time induced marked differences (Fig. 1(c)). The extent of the CT/pH
‘minimum’ was increased although the maximum CT (C. milk pH of 6.6) was
largely unaffected by forewarming. Notwithstanding, thése changes induced
by high heat treatment, the effect of urea supplementation on the general
level of heat stability was retained.

The irreversible effect o f concentration

Concentration effects a marked reduction in the heat stability of skim-milk
(e.g. Hunziker, 1935; Rose 196 Ib;Schmidt & Koops, 1965) but it isnot known
4
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Figure 2. Coagulation time (CT)/pH Erofiles for concentrated milks, rediluted to
their original total solids level, o, milk; «, milk + urea; (a), low preheat treatment
(64°C, 30 min); (b), high preheat treatment (85°C, 30 min).

if the effect is reversible. For comparison with the skim-milks, the concentrates
in this study were diluted with distilled water to the original level of TS in the
skim-milks, prior to the measurement of the CT/pH profiles. By this means,
only the permanent effect of concentration on heat stability was considered.

The appropriate CT/pH profiles for the diluted concentrates are shown in
Fig. 2. For the low heat treatment, the CT/pH profile of the control milk was
not significantly altered but, in the case of the urea-supplemented milk the
‘minimum’ in the CT/pH profile was extended over a wide pH range (Fig. 2(a)).
This phenomenon was accentuated for both control and urea-supplemented
milks which had received high heat treatments (Fig. 2(b)). Furthermore, with
high heat treatments much of the difference between the high and low urea
levels had disappeared: even at the CT ‘maximum’ (pH 6.6) the difference in
CT was 3.5 min compared to 10.5 min for the same skim-milks before
concentration.

It was not possible to simulate in a batch evaporator the conditions prevailing
in a modern multiple effect evaporator where the milk temperature in the first
stage of evaporation may be as high as 80°C and thereafter fall by stages to
around 40°C in the fourth effect. However, additional experiments were carried
out with skim-milk concentrate (43% TS) from a commercial four-effect,
falling-film evaporator and the irreversible changes in the CT/pH profiles of the
milk were very similar to those shown in Fig. 2(b).

The effect of spray-drying

The heat stability of the spray dried powders was measured after reconsti-
tution of the powders with 'distilled water to the same TS concentrations as
those of the original skim-milks and diluted concentrates. The CT/pH profiles
are shown in Fig. 3.
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Figure 3. Coagulation time (CT)/pH profiles for milk powders, reconstituted to
their ori%ina_l total solids level, o, milk;«, milk + urea; &), low preheat treatment
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When the milk received a low heat treatment during processing (Fig. 3(a)),
not only were the changes observed after concentration reversed, but the extent
of the CT/pH minima were also reduced in comparison to the skim-milks
from which the powders were made (Fig. 1(b)). A parallel effect occurred
for the high heat powders (Fig. 3(b)), for the CT/pH profiles were more stable
than those of the corresponding concentrates (Fig. 2(b)). However in this case,
the CT/pH profiles were slightly less stable than for the corresponding skim
milks (Fig. 1(c)). Nevertheless, for both mild and severe heat treatments, the
differences between low and high urea levels —which had been reduced after
concentration - were restored by spray drying to values similar to those
observed in the original milks.

Since duplication of conditions in a commercial spray dryer was not feasible
in the laboratory size dryer, confirmatory experiments were carried out using a
pilot-scale, (evaporative capacity of 35 kg water per hr) tail-form, co-current
spray-dryer with pressure atomization and air inlet temperatures to 190°C.
Using this spray-dryer, the changes in heat stability after concentration and
spray drying were indistinguishable from the results obtained in the laboratory-
scale dryer.

Discussion and conclusions

The results of this work demonstrate that the heat stability characteristics of
a reconstituted skim-milk powder are determined by the heat stability of the
original milk and by the nature of the processing treatment. The effect of the
urea level on the CT/pH profile was maintained, albeit to varying extents,
throughout the processing sequences, irrespective of the type of forewarming
treatment. Consequently, it is expected that seasonal variations in the heat
stability of milk, associated with natural variations in urea level, will be reflected
by parallel changes in the heat stability of reconstituted milk powder.
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The severity of the forewarming treatment of milk prior to concentration
had an equally marked effect on heat stability and where high heat treatments
were used substantial losses in heat stability were recorded.

It was also noted that, although the heat stability characteristics of skim-milk
powder resemble those of the corresponding substrate, concentration and spray
drying had opposite and approximately equal effects on the CT/pH profiles.
Further investigations of these effects are under way since there appears to be
potential for improvement of heat stability of milk powder by increasing the
benefits conveyed by spray-drying at the expense of the deleterious effects of
concentration.

From the results of this paper, several criteria appear to he important for
optimization of the heat stability of reconstituted skim-milk powder.

First, the natural stability of the skim-milk from which the powder is to be
made must be satisfactory, for inherent instability of the starting milk will be
reflected in the properties of the powder. Natural instability (not associated
with bacterial degradation of milk protein) is most likely to occur in the
winter period when the milk urea levels are low (Muir & Sweetsur, 1976) and
for short periods in late May and early June when other compositional changes
in the milk occur (Holt, Muir & Sweetsur, in preparation). Although sup-
plementation of the natural urea level may overcome natural instability associated
with winter milk such addition is not permitted under current food legislation.

The second criterion to achieve high levels of heat stability is to limit the
severity of heat treatment of the milk. This requirement must, however, be
balanced against the need to maintain low levels of bacterial contamination
in the final powder.

Finally, the pH of the milk powder on reconstitution to the original level
of TS should be outside the CT/pH ‘minimum’ for, if this condition is not
fulfilled, the potential heat stability of the milk may not be realized. For
example, a shift in milk pH of 0.1 units may lead to a five-fold decrease in
heat stability (Fig. 3). Further investigation will be required to establish how
the use of currently permitted additives may regulate milk pH.
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A model system for the formation of N-nitrosopyrrolidine
in grilled or fried bacon

M. H. COLEMAN

Summary

A simple model system has been developed which mimics the formation of
the principal nitrosamine, N-nitrosopyrrolidine, in grilled or fried bacon. The
yield of the nitrosamine in the model system may be estimated by a simple
GC method. This has permitted the rapid screening of avariety of compounds
which may influence nitrosamine in bacon. The antioxidant ethoxyquin
inhibits nitrosamine formation in the model system.

Introduction

The present work describes the development of a simple model system, designed
to mimic the formation of the principal volatile nitrosamine N-nitrosopyrrolidine
(NNP), found in bacon subjected to high-temperature cooking, i.e. grilling or
frying.

In preliminary experiments with bacon, the formation of NNP was shown
to be virtually confined to the fatty tissue, in agreement with the observation
of Fiddler et al. (1974). In confirmation of the suggestion of Scanlan (1975)
it was shown that the fatty tissue reached much higher temperatures during
grilling, than the lean. It was also found that NNP was formed when the fat,
(rendered from bacon at a low temperature), was heated alone, at 170°C;
whereas when rendered pork fat was so heated, no NNP formation occurred,
but the pyrrolidine content was greatly increased. The amount of pyrrolidine
found in heated pork fat was more than sufficient to account for the NNP
found in cooked bacon.

These experiments suggest that pyrrolidine may be an intermediate in the
formation of NNP in cooked bacon, but is not the initial precursor. Further
In Vvitro experiments showed that NNP was readily formed when pyrrolidine
was heated with nitrite; and of the possible precursors of pyrrolidine, likely
to be present in bacon, proline gave the highest yield of pyrrolidine when

Author’s address: Unilever Research Laboratory, Colworth House, Sharnbrook, Bedford.
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heated at high temperatures. Subsequent experiments on the addition of proline
to bacon established a linear relationship between the level of free proline
present at cooking, with the level of NNP found in the cook-out fat.

Various techniques have been employed for the estimation of volatile
nitrosamines in cooked cured meats, including i.r. and u.v. spectroscopy
(Enderef al., 1964); TLC, Sakshang et al., 1965; TLC and GC, Sen et al., 1969
and DuPlesis, Nunn & Roach, 1969), and GC with special detectors (Howard,
Fazio & Watts, 1970; Sen, 1970; Althorpe et al, 1970; Fiddler et al., 1971):
but the combination of GC with high-resolution mass-spectrometry (Telling,
Bryce & Althorpe, 1971; Fazio et al., 1971) would seem to be the method of
choice for the unambiguous quantitative estimation of volatile nitrosamines.
However the GC-MS procedure is costly and time-consuming in execution.
It could obviously be advantageous if a simple model system could be devised
to mimic the formation of NNP in cooked bacon, which would avoid both the
complex clean-up procedure and the time-consuming GC-MS, as well as the
variability of results associated with the analysis of meat samples.

The preliminary experiments on bacon indicated that proline was the likely
precursor of NNP, and pyrrolidine a possible intermediate in its formation.
However no pyrrolidine could be detected when proline was heated at 170°C
in aqueous solution; although significant amounts were formed when it was
heated in an inert solvent such as tetralin, or the more polar solvent, methanol.
As sodium nitrite is appreciably soluble in methanol, it was found that a
homogeneous reaction mixture yielding NNP in sufficient amounts to be
estimated by GC alone, could be prepared by heating a methanolic solution of
proline and sodium nitrite at 170°C in a sealed tube. This has provided the
model system in which the effects of various additives on the formation of
NNP have been studied.

Thus the effects of halide and thiocyanate ions, which have been reported as
catalysing the formation of nitrosamines (Ridd, 1961; Boyland, Nice &
Williams, 1971); and also the similar effects of phenolic compounds (Challis &
Bartlett, 1975) have been tested.

The effects of ascorbic acid (Mirvish et al., 1972) and other antioxidants
(Sen €t al., 1974), which have been reported to inhibit nitrosamine formation,
have also been examined. In this system the antioxidant ethoxyquin has been
found to reduce the formation of NNP substantially, (and its effect is even
more marked in bacon itself). Each of the experiments reported here has been
performed several times, and the same results have been obtained in each case.

Materials and methods

Bacon used in these experiments was either normal commercial back bacon, or
similar material prepared in the laboratory by an in-pack curing procedure
(Coleman, Hannan & Oshorne, 1974) using salt and sodium nitrite only, to final
levels of 5% w/w and 200 ppm respectively.

Rle%glents used were of analytical grade, or of the purest grade commercially
available.
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Nitrosoproline was prepared essentially by the method of Lijinsky, Keefer &
Loo (1970) except that the initial product was extracted from the reaction
mixture with ethylacetate which, after drying over anhydrous sodium sulphate,
was removed under reduced pressure.

Bacon was cooked by grilling in a ‘Baby Belling’ electric cooker,* at approxi-
mately 70 mm from the grill element, operating at its maximum setting. The
rashers were held flat during cooking by being clipped between the two halves
of a specially made grid, centrally located in a grill-pan which filled the inside
of the oven space. Rashers were grilled for 4 min on one side followed
immediately by 2 min on the other; the resulting bacon being moderately well-
cooked, the fat slightly crisp, but the lean still succulent. To follow the
temperatures attained during grilling, 30-gauge copper-constantan thermo-
couples were inserted into the rasher at various points in both the lean and
adipose tissues. Temperature measurements were made at approximately
10-sec intervals, using a ‘Comark’ thermocouple meter (type 160c). Both
the cooked rasher, and the cook-out fat, which collected in the grill-pan, were
analysed for nitrosamines by the method of Telling et al. (1971) using the
GC-MS procedure.

To prepare rendered pork or bacon fat, the tissue was macerated in a beaker,
warmed gently on a steam-bath, and the fat released filtered through glass-wool.
Pyrrolidine was estimated by gas-chromatography on an 18 ft column containing
10%w/w of ‘Carbowax 20M’ with 5% w/w of potassium hydroxide as a
stationary phase, on 80—100 mesh acid-washed Celite as support. The column
was run isothermally at 63°C, and the identity of the pyrrolidine confirmed by
mass-spectrometry.

For experiments with the model system a reaction mixture containing
800 ppm of proline and 200 ppm of sodium nitrite in methanol was normally
used. In some experiments the reaction mixtures were heated in sealed tubes
made from 10 mm diameter tubing, containing 3—4 ml, and heated in an oil
bath for an hour after reaching 170°C. In other experiments much smaller
volumes of the reaction mixtures were sealed in m.p. tubes, and dropped into
the oil bath at 170°C for the required length of time. From such reaction
mixtures, the NNP yields were measured by gas-chromatography by applying
5pi aliquots to a 5 ft polythene glycol column in a Pye 104 chromatograph
fitted with a FID detector, running isothermally at 175°C.

Nitrite was estimated by a method developed from that of Shin (1941).

Results

Preliminary experiments with bacon

Temperatures attained during grilling. Figure 1 illustrates temperatures
achieved during grilling: it will be seen that the lean hardly exceeds 100°C,
whilst the fat approaches 200° C at the end of the cooking period.

* Belling & Co. Southbury Rd, Enfield, Middlesex.
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Figure 1. Temperatures attained during grilling of bacon rashers: 0, lean; X, fat.

Distribution of nitrosamines. No NNP could be detected in raw commercial
bacon when analysed by the GC-MS method; and no volatile nitrosamines
could be detected in boiled ham. Both DMN and NNP could be detected in
grilled or fried bacon. In view of the difference in temperature achieved by
the lean and fat during cooking, the distribution of nitrosamines between
the lean and fat was investigated in some 1600¢ of laboratory-cured bacon,
having a nitrite content of 207 ppm immediately before cooking. This material
was divided into two equal portions, one of which was cooked as intact rashers;
the other being dissected into lean and fat, and the two tissues then being
cooked separately.

Table 1 gives the results of this experiment.

Table 1 Distribution of nitrosamines between lean and fat of cooked hacon

Bacon Bacon Fraction weights (g) ~ Nitrosamines (ppb)
Row i
cooked as fraction RaW Cooked DMN \NP
a Lean and Lean 410 228 3.4 0.3
b fat separately  Fat 2176 53 8.4 74.3
C Cook-out fat 169 8.3 22.1
(a)+ (b) Totals 686 281 43 142
d Intact rashers  Rasher 658 326 3.8 104
e Cook-out fat 131 9.9 21.6

Compare (a) + (b) with (d); and (c) with (e).
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Organic precursors o fN-nitrosopyrrolidine. A 150 g sample of rendered pork
fat was heated at 170°C for 1.5 hr, in a slow stream of nitrogen, which was
subsequently passed through 7 ml of m HCLin a Pettenkofer tube. The fat was
then cooled, and extracted twice with 100 ml portions of m HCI, the extract
evaporated to dryness under reduced pressure, and 2 ml of ether added to the
residue. The free base was liberated with 20% w/v NaOH, and dried over sodium
sulphate. A 10 pi aliquot was examined for pyrrolidine by gas-chromatography.
The HC1 from the Pettenkofer tube was similarly examined.

Other samples of pork fat, both heated and unheated were similarly examined,
and the results are given in Table 2.

Two 125 g samples of rendered bacon fat from the same batch of laboratory-
cured bacon were heated, under reflux, with stirring for 10 min after reaching
170°C. To one of the samples 0.1 g of proline dissolved in 0.5 ml of water, was

fTabIe 2. The pyrrolidine content of heated and unheated pork
at

Pyrrolidine (ppb)
Pork sample Unheated  Heated

Fat Volatiles  Total
A 37 _ — -
B il — — —
C 148 630 445 1075
D - 370 104 474
E - 185 222 407
F - 148 74 222
Mean 98.7 5445
Table 3. Effect of added proline on nitrosamine yields
: ork Vit ool Nitrosamines (ppb)
Xpt. or itrite roline
no. sample added (ppm) added (ppm) Rendered fats
DMN NNP
1 A 200 - 0.2 0.2
A 200 800* 1.0 2550
2(a) B 200 - 9.0 0.3
B 200 333f 16.6 17
2(b) C 200 - 13.6 4.5
C 200 333f 13.2 62.0
Added  Measured Added  Measured Cook-out fats
3 D 800 298 - 82 2.1 175
D 800 292 200f 168 2.9 62.0
D 800 285 400f 332 2.9 1355

*Added to rendered fat. f Added to curing brine.
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added before heating commenced. The fat was then cooled and analysed for
nitrosamines by the GC-MS method. In asecond experiment, proline was added
to the curing brine of half the packs of a sample of laboratory-cured bacon,
before rendering and heating the fat as before. This was repeated on asecond
sample of bacon, and the results of these experiments are given in Table 3. A
third experiment was performed in which a batch of laboratory-cured bacon
was divided into three portions, and proline was added at the equivalent of 200
and 400 ppm to two of them. All three portions of bacon were subsequently
cooked, and the cook-out fats analysed for nitrosamines by the GC-MS
procedure. For thisthird experiment the nitrite wasincreased to 800 ppm added,
so that it should not be limiting to the yield of nitrosamines. Both the nitrite
(Shin, 1941) and the proline contents (Chinard, 1952) were measured in the
bacon, immediately before cooking. The results are also given in Table 3.

Presence of precursors in pork fat. The polar fraction was obtained by
extracting a solution of 100 g of rendered pork fat in 300 ml of petroleum
ether with three portions of 95% methanol, saturated with petroleum ether
(Nichols, 1964). The combined methanolic extracts were washed three times
with petroleum ether (saturated with 95% methanol), and evaporated to
dryness. The residue was refluxed for 2.5 hr with ethanolic HCL, and the hydro-
lysate analysed for amino-acids. Table 4 gives the m % of possible precursors of
pyrrolidine.

Development o f the model system

Yield of pyrrolidine from precursors. To compare yields, 0.1 g samples
of the various amino acids were heated in 20 ml portions of tetralin (Chatelus,
1964) for Lhrat 170°C. After cooling, the mixtures were extracted with 20 ml
portions of m HC1, and the extracts washed several times with ether. The washed
extracts were evaporated to dryness under reduced pressure, 10 ml portions of
ether added, and the solutions made alkaline with 20% NaOH. After drying
over sodium sulphate, the solutions were analysed for pyrrolidine by gas-
chromatography. Table 5 gives the yields.

Table 4. Pyrrolidine precursors in pork

polar lipids

Amino acids Mole (%)
Ornithine Trace
Hydroxyproline 0.7
Citrulline 0.7
Arginine 14
Proline 2.1



In addition to pyrrolidine, pyrroline is also formed. Thus in another
experiment when 100 mg of proline was heated in 20 ml of tetralin for 1 hr at
170°C, 8.4 mg of pyrrolidine was obtained, and 0.8 mg of pyrroline.

When proline was heated in water at 170°C for Lhr, in a sealed tube, no

N-nitrosopyrrolidine in bacon

Table 5. Pyrrolidine yields from
various precursors after heating in

tetralin

Precursor Pyrrolidine
(100 mg) (Pg)
Orrzjithine I 2
Hydroxyproline 7
C%r_ul_lin%p 18
Arginine 18
Proline 9722
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pyrrolidine was detected. But when proline was heated in mixtures of tetralin

and methanol, or in pure methanol, pyrrolidine was found in significant amounts

(see Table 6): only in mixtures containing methanol was the proline in solution.

Formation of N-nitrosopyrrolidine in a model system. A series of reaction
mixtures were prepared in methanol containing 800 ppm of proline, and nitrite
ranging from 32 to 3200 ppm. These were heated in 10 mm diameter sealed
tubes for 1 hr after reaching 170°C;and on cooling the contents were analysed
for NNP by gas-chromatography. The results are given in Table 7.

Table 6. Pyrrolidine yield from proline heated in tetralin-

methanol mixtures

Solvent mixture
Methanol (ml)

0
1
2
3

Tetralin (ml)
3

2 3
1
0

LWLWoO O
O O MO PO

Table 7. Effect of nitrite concentration on NNP

yield from heating proline in methanol

Nitrite (ppm)

32 15
200 9.0
320 10.7
400 157
800 22.1
1600 294

3200 311

Pyrrolidine yield

4

Yield of NNP (ppm)
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The effect of varying the proline concentration in methanolic reaction
mixtures containing a fixed level of 200 ppm of nitrite was investigated using
MP tubes heated for 1 hrat 170°C (see Table 8).

The effect of heating time on the NNP yield for reaction mixtures containing
800 ppm of proline and 200 or 400 ppm of nitrite in methanol was similarly
investigated (see Table 9).

Table 8. Effect of proline concentration on NNP
yield when heated with nitrite in methanol

Proline (ppm) Yield of NNP (ppm)
10 0.65
50 13

100 14

250 2.0

500 2.8

750 7.4

1000 9.1

Table 9. Effect of heating time on NNP yield for mixtures of proline and nitrite
in methanol

200 ppm nitrite 400 ppm nitrite
Time (min) Yield on NNP (ppm)  Time (min) Yield of NNP (ppm)

0 0 10 01
2 0.2 20 6.1
4 0.45 30 8.1
8 0.9 40 10.8
12 13 50 143
24 19 60 17.0
48 3.6

60 6.5

Table 10. Effect of temperature on NNP yield
from heating proline/nitrite  mixtures in
methanol

Temperature (°C) Yield of NNP (ppm)

140 0.08
150 0.16
160 0.5
170 0.9
180 2.0
190 2.7
200 34
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Figure 2. Arrhenius plot for the formation of N-nitrosopyrrolidine in the model
system.

The effect of temperature was investigated using a reaction mixture con-
taining 800 ppm proline and 200 ppm of nitrite in methanol which was heated
in MP tubes at the required temperature for 10 min (see Table 10).

A plot of log(NNP) against the reciprocal of the absolute temperature is
illustrated in Fig. 2, and from this energy of activation may be calculated as
27.2 kcal.

The effect of the addition of water is illustrated in Table 11 for a reaction
mixture containing 800 ppm or proline, 400 ppm of nitrite heated for 30 min
at 170°C in MP tubes.

Formation of NNP from various precursors. A series of reaction mixtures
were prepared, each containing a 10 mg aliquot of one of the various precursors
of pyrrolidine previously examined, and 10 ml of a methanolic solution of
1000 ppm of sodium nitrite. These were sealed in 10 mm tubes, and heated at
170°C in an oil bath for 1hr. The contents were then analysed for NNP by
GLC. Table 12 gives the results.

Decomposition of nitrosoproline. Solutions containing 100 or 1000 ppm of
nitrosoproline were heated in aqueous or methanolic solutionin 10 mm diameter
sealed tubes for 10 min after reaching 170°C. After cooling the contents were
analysed for free proline colorimetrically (Chinard, 1952) and for pyrrolidine
and NNP, by gas-chromatography. The results are given in Table 13.

Table 11. Effect of water on NNP yield from
heating proline/nitrite mixtures in methanol

Water (% viv) Yield of NNP (ppm)
1 3.0
2 2.5
4 19
10 1.45
20 0.2
100 0.0
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Table 12. Yield of NNP from various precursors
heated with nitrite in methanol

Precursor (10 mg) Yield of NNP (ppm)

Pyrrolidine 62.2
Agmatine 30.4
Putrescine 42.6
Proline 124
Ornithine 6.1
Arginine 3.3
Citrulline 15

Table 13. Products of heating nitrosoproline in solution

Nitrosoproline Proline Pyrrolidine NNP
(ppm) (ppm) (ppm) (ppm)
Heated in methanol
1000 39 2.44 08
100 - 0 04
Heated in water
1000 96 34 0.16
100 18 1.56 —

Samples of nitrosoproline solutions in methanol containing 1000 or
10000 ppm were heated for an hour at 170°C in sealed 10 mm diameter
tubes. Aliquots of the reaction products were applied to an 18 ft polyethylene
glycol column coupled to a mass-spectrometer. Products other than pyrrolidine
and NNP included pyridazine and methyl pyridazine. Tentative identification
was obtained for pyridine, pyrrole and acetic acid, but fifteen other components
have not yet been identified.

Use of model system for testing additives

Halide and thiocyanate ions. Table 14 illustrates the effects of the addition
of potassium chloride, bromide and iodide and ammonium thiocyanate at a
final concentration of 3.3 mM to the standard reaction mixture containing
400 ppm of sodium nitrite, and 800 ppm of proline, in methanol.

Lipid hydroperoxide. Table 15 illustrates the effect of the hydroperoxide of
2—oleodistearin at 2000 ppm on the NNP yield (with a control containing
2—oleodistearin), in a methanolic reaction mixture containing 400 ppm of
sodium nitrite and 800 ppm of proline.

Phenolic compounds. Reaction mixtures containing 400 ppm of sodium
nitrite and 800 ppm of proline in methanol were heated with the addition of
gallic acid, chlorogenic acid or caffeic acid in equimolar amounts to the proline
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Table 14. Effects of halide and thiocyanate
ions on NNP yield from heating proline/
nitrite mixtures in methanol

Additive NNP yield
(at 3 mM) (ppm)
KC1 9.75
KBr 95

Kl 9.25
nhécns 22.5
None 8.5

Table 15. Effect of lipid hydroperoxide on
NNP yield from heating proline/nitrite
mixtures in methanol

Additive NNP yield
(at 2000 ppm) (ppm{
None 119
2—oleodistearin 115
2—0leodistearin

hydroperoxide 183

Table 16. Effect of phenolic comFounds on NNP yield from heating
proline/nitrite mixtures in methano

Additive Residual nitrite NNP yield

Expt o W (op) (opn)

1 None 118
Gallic acid - 6.1
Chlorogenic acid  — 40.4
Caffeic acid — 21.2

2 None 211 11.2
Gallic acid 0 4.6

present. Table 16 gives the results for these experiments. Since gallic acid was
the only compound showing a reduction in NNP, this was repeated, with the
additional step of measuring the residual nitrite after heating. This is also
illustrated in Table 16.

Ascorbate. Reaction mixtures containing 800 ppm of proline and 400 ppm
of nitritein methanolwere sealed in 10 mm tubes with varying levels of ascorbic
acid. The tubes were heated in a ‘Techne Driblock’ DB 3H adjusted to 170°C;
but on insertion of the tubes the block fell to 161°C, and did not subsequently
rise above 166°C. The heating was prolonged for 90 min, but the yield in the
control tube was low. The results are given in Table 17.

5
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Table 17. Effect of ascorbate on NNP yield from heating
proline/nitrate mixtures in methanol

Ascorbic acid Residual nitrite NNP yield
added (ppm) (ppm) (ppm)
0 330.1 2.1
100 265.0 328
250 219.4 375
500 145.0 26.0
750 101.0 223
1000 62.3 14.9
2000 0.0 1.35

Table 18. Effect of antioxidants on NNP
yields from heating proline/nitrite mixtures

In methanol

Antioxidant NNP yield
(1% wiv) (ppm)
None 5.2

BHT 4.0

BHA 3.0
Ethoxyquin 1.6

Table 19. Effect of ethoxyquin concentration
on NNP yield from heating proline/nitrite
mixtures in methanol

Ethoxyquin NNP yield
added (% wlv) (ppm{
None 129

0.25 9.3

0.5 4.5

0.75 4.8

1.0 3.9

1.25 3.3

Antioxidants. Reaction mixtures were prepared containing 800 ppm of
proline and 200 ppm of nitrite with 1% w/v of three antioxidants. These were
sealed in capillary tubes and heated for 1hr at 170°C: Table 18 gives the
respective yields of NNP in the mixtures containing butylated hydroxyanisole
(BHA), butylated hydroxytoluene (BHT) and ethoxyquin.

The effect of the varying level of ethoxyquin was tested in a reaction mixture
containing 500 ppm of proline and a large excess of nitrite, of 2500 ppm,
heated at 170°C for 45 min in MP tubes. Table 19 gives the results.
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Table 20. Effect of ethoxyquin on residual nitrite level after heating proline/nitrite
mixtures in methanol

Nitrite (ppm)

Proline Ethoxyquin .
added (ppm)  added (%6 W) pggeq residial NP yield (ppm)
B - 400 399

- 0.33 400 379 -

800 — 400 252 2.4

800 0.33 400 254 8.2

Table 21, Effect of ethoxyquin at various heating times of
proline/nitrite mixtures in methanol

Heating time NNP yield (ppm)

(min) Control 0.33% w/v ethoxyquin
15 9.0 9.8

30 132 7.8

45 15.2 8.4

60 25.2 8.4

The effect of ethoxyquin at 0.33% on the level of residual nitrite in reaction
mixtures containing 400 ppm of sodium nitrite and 800 ppm of proline is
illustrated in Table 20 and its effect at the same concentration for various
heating times on similar reaction mixtures is illustrated in Table 21.

Discussion

The results given in Table 1show that more than 92% of the total nitrosamines,
and more than 99% of the NNP is found in the fatty portion of grilled bacon:
this observation is in agreement with that of Fiddler et al. (1974).

As Scanlan (1975) has previously suggested, and as the present work has
confirmed experimentally, the adipose tissue reaches much higher temperatures
during grilling than the lean. This indicates that either the formation of NNP
itself, or of its precursor, requires a high temperature. If, as proposed by Ender
& Ceh (1971) and as the present work suggests, proline is the organic precursor
of NNP, the high temperature reaction would presumably be a decarboxylation.
This might be the direct decarboxylation of proline with the formation of
pyrrolidine, which is then nitrosated : or the nitrosation of proline which then
decarboxylates to yield NNP (Lijinsky & Epstein, 1970). However, the present
results show that on heating in solution, the yield of NNP from nitrosoproline
is small; the molecule appears to lose both the carboxyl group and the nitroso
group to yield pyrrolidine; of course this could then nitrosate readily in the
presence of nitrite.

5



68 M. H. Coleman

However, the presence of more than sufficient proline in pork fat, (Wasserman
& Spinelli, 1972; Gray et al., 1976) to account for the observed levels of NNP
in bacon fat; the substantial increase in pyrrolidine levels when pork fat is
heated; and the ready nitrosation of pyrrolidine in the presence of nitrite,
reported in the present work, all indicate that proline is the likely precursor
of NNP. The direct proportionality between the yield of NNP in the cook-out
fat, with the level of free proline at the time of cooking, provides additional
evidence for this concept. It may be noted that proline decarboxylates at a
lower temperature than most amino acids (Wendlandt, 1960).

The inhibitory effects of water on nitrosamine formation reported here,
suggest certain conclusions in relation to nitrosamine formation in bacon.
First in bacon, the evaporative cooling effect of water in the lean tissue prevents
the attainment of temperatures necessary for decarboxylation. Secondly, the
reduction of NNP yield with increasing water content of the model system
suggests a more direct chemical effect, and this is confirmed by the absence
of proline decarboxylation in water, even when heated to 170°C. This could
be a second factor in restricting nitrosamine formation to the fatty tissue,
since only this portion can provide anon-aqueous environment during cooking.
This also suggests that the conditions for the nitrosation reaction in aqueous
solution may be irrelevant to the situation in cooking bacon.

The requirement for a high temperature, the inhibitory effects of water
and antioxidants, and the catalytic effect of a lipid hydroperoxide, are
consistent with the involvement of a free-radical in the formation of NNP. This
might also explain (see Table 19) the diminishing effect of the inhibitor
ethoxyquin with increasing concentration. It is of interest to consider what the
effective nitrosating species might be. From the results with ascorbic acid in
the model system, it would appear to be a product of the reaction between
ascorbate and nitrite; since although the residual nitrite level may be greatly
reduced, the NNP yield isgreatly increased until avery large excess of ascorbate
is added. The initial product of the nitrite-ascorbate reaction is nitric oxide;
and to test this as a nitrosating agent, 4 ml of an 800 ppm solution of proline
in methanol was heated with 2.5 ml ofthe gas, in asealed tube for 1 hr at 170°C.
This gave a yield of 59 ppm of NNP, approximately twice that expected for
an equimolar amount of sodium nitrite. The reaction tube was flushed with
nitric oxide for 10 min before sealing to remove oxygen.

The phenolic substances which increase the yield of nitrosamines during
nitrosation in aqueous solution (Challis & Bartlett, 1975) also do so in the
model system; the exception, gallic acid, which actually reduces the yield of
NNP, apparently does so by removing the nitrite present.

Clearly ethoxyquin does not act in this way, since it does not significantly
affect the level of residual nitrite. Even at high levels of ethoxyquin, some
NNP is formed;and its effect atvarious heating times reveals an initial formation
of NNP (during the first 15 min of heating), which isnot inhibited by ethoxyquin.
Further formation of NNP is thereafter inhibited; which suggests that NNP may
be formed in the model system by two routes, only one of which is susceptible
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to ethoxyquin inhibition. Ethoxyquin is very effective in bacon, as an inhibitor
of nitrosamine formation (Coleman, 1976) and its effects in this context will
be described elsewhere.
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Technical note: Lead and copper uptake by food prepared in
tinned-copper utensils

C. REILLY

Introduction

Tinned metal utensils have been in use for food preparation since Roman times.
The relatively low melting point of tin (232°C) and the ease with which a layer
can be applied to other metals by dipping or wiping permitted its use as a
protective plate on other less-resistant metals even in technologically un-
sophisticated ages. Today we recognize that the electrochemical relations
between tin and other metals, as well as its surface activity and non-
toxicity, make it an ideal material for surfacing food handling and processing
equipment fabricated from stronger metals.

While the main use of tin in the food industry is as tinplate in canning, a
certain amount is also used as a coating on copper cooking utensils.
Because of the toxic nature of some salts of copper as well as its catalytic
effect on fat oxidation, it is desirable to place a barrier between the metal and
food. Thus it is normal practice to cover the surface of copper utensils and
food processing equipment with a layer of tin. This metal is non-toxic, but
pure tin is not normally used for plating. In fact, ‘Standard tin’ sold on the
London Metal Exchange may contain up to 0.1% lead. While it is accepted
that ‘the tin used for tin plate and for hot-tinning fabricated articles should be
of high quality, low in lead” (Hedges, 1960), a Cooking Utensils (Safety)
Regulation issued by the Home Secretary in December 1972 under the
Consumer Protection Act of 1971, allows a maximum of 0.2% lead in the tin
plate. This Regulation superseded a 1964 British Standards Specification
which had allowed a higher level of 0.25% lead. There is evidence that tinned
cooking utensils which do not conform to this regulation, or even to the
earlier British Standards Specification, are sometimes sold and used at the
present time. In 1966 the Consumer Association found tinned frying pans
which contained between 40 and 60% lead in the tin layer on sale to the
public (Consumer Association, 1973). We have shown that some tinned copper
saucepans still in use in a restaurant were capable of contributing a high level
of lead to food (Reilly, 1976).

Author’s address: Principal Lecturer in Food Science, Oxford Polytechnic OX3 OPB.
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The present report is a further contribution to this investigation. A random
sample of food cooked under normal restaurant conditions was tested for lead
and copper. In addition, a selection of dishes of a more acid and less usual
nature, though still standard restaurant fare, was made. Identical portions were
prepared in aluminium and tinned copper utensils. The cooked food, as well as
the raw materials, were analysed for the two metals. The results show that
lead uptake is related to the type of food and conditions of cooking as well as
to the state of wear and length of use of the utensils.

Materials and methods
Food and food preparation

Food was obtained from commercial restaurant suppliers and was prepared
according to widely used catering procedures (Cracknell & Kaufmann, 1972).
Samples analysed were of two types:

Normal restaurant fare. A complete luncheon as served to customers and
consisting of soup (tomato) and bread rolls, main course (lamb chop, boiled
new potatoes and peas) and dessert (apple pie), was taken. Total edible portions
of the main course, as well as the whole serving of apple pie, were homogenized
separately and 10 g (wet weight) samples of the homogenates, in triplicate,
as well assimilar weights of the liquid soup and the bread rolls, used for analyses
as described below.

Selected foods. The individual dishes examined were: Whiting a la Portuguese
(recipe number 190, Cracknell & Kaufmann) in which the fish is simmered for
30 min in oil; Poulet sauté bourguignonne (number 829), chicken cooked for
Lhr in a red wine sauce; Chou rouge flamande (number 960), red cabbage
cooked for 2 hr in vinegar followed by a further 45 min heating with cooking
apples; Pommes Delmonico (number 1052), potatoes gently heated in milk for
Lhr; Sorbet au Citron (number 1364), prepared by boiling sugar and lemon
juice in water to a thick syrup and then freezing.

Cooking utensils', (i) Aluminium pans, regular kitchen stock; (i) copper pans
also in regular use in kitchen with, in most cases, evidence of wear on tin
surface; (iii) copper pans of similar vintage to (ii) but which had been in store
and unused since purchase. In the case of uncooked food, all the raw materials
used in preparation of a particular dish were homogenized together and samples
taken for analysis.

Preparation and analysis of samples: Triplicate 10 g samples (approx, wet
weight) were taken, weighed, dried in hot air oven at 70°C to constant weight,
which was recorded, and ashed overnight at 500°C in a muffle furnace. The ash
was dissolved in 2 cm3 N HCIL and centrifuged. This solution was used directly,
without further treatment, for analysis by atomic absorption spectro-
photometry.

Solutions were analysed according to the standard procedures using EEL 240
Model Spectrophotometer and results expressed as the mean of three samples.
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Table 1. Lead and copper contents of dishes served at luncheon

Metal content (mg/kg, wet weight
mean of three samples)

Food Lead Copper
Soup (tomato) 0.08 0.35
Bread rolls 0.58 0.40
Main course (lamb chops, potato, peas) 0.38 171
Apple pie 0.21 2.73

Standard solutions of copper and lead were prepared from stock standards
supplied by BDH Chemicals.

When necessary, analytical solutions were diluted using distilled, ion-free
water.

Results and discussion
Lead and copper contents of typical luncheon fare

Table 1 shows the average lead and copper content of the food eaten in a
meal served to a customer in a traditional restaurant. The food was prepared
using a selection of different cooking utensils, including aluminium and
stainless steel as well as tinned and untinned copper vessels. A tinned steel
mixing bowl was used in making the bread rolls. The lead contents of all
samples were well below the present statutory limit of 2 mgl/kg for all but
certain specified foods (MAFF 1975a). Except for the soup, levels were,
however, higher than the average of 0.09 mg/kg for foods in general reported
by the Working Party on the Monitoring of Foodstuffs for Heavy Metals
(MAFF 1975b). There is no general permitted maximum levels for copper but
the Food Standards Committee recommends alimit of 20 mg/kg in most foods
and 2 mg/kg in ready-to-drink beverages. In addition, there are specific
restrictions in the case of gelatin to a maximum of 30 mg/kg and for tomato
ketchup 20 mg/kg under Food Standards Orders (Pearson 1976). The foods
served in the restaurant luncheon were well below all these limits.

Selected foods

Table 2 summarizes the results of analyses of the different food dishes,
prepared as described. Results are given both in relation to wet and dry weight.
The former is used since statutory limits are expressed in this manner and also
Is easier to interpret in relation to food portion sizes in catering. Dry weights,
however, give a clearer idea of actual increases or decreases of metal content
of food following different methods of preparation. With regard to lead, it is
clear that cooking of food in tinned utensils results in an increase in content of
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the metal. The state of wear of the tinning is reflected in the level of lead
uptake, with only low level accumulation in food cooked in well-used pans.
Cooking in pans with intact tinning gives lead values in most cases close to the
recently recommended general maximum of 1 mg/kg (MAFF 1975a). Never-
theless, though all the dishes were deliberately chosen for their acidity and are,
presumably, more plumbosolvent than the ordinary lunch menu, lead uptake
was considerably less than was the case in a previous study (Reilly, 1976) in
which tomato soup was found to contain 0.80 mg/kg (wet weight) when
prepared in worn saucepans and 3.17 mg/kg when previously unused tinned
copper saucepans were used.

In the earlier study it was also found that the tinning on some unused
saucepans contained 0.28% lead (0.08% above the legally permitted maximum),
while worn tin plate had as little as 0.072% of the metal.

The results for copper show, as might be expected, a higher level in food
cooked in saucepans with worn tinning than in copper pans with intact plating
or in aluminium utensils. In no case does the level of copper exceed the
recommended limit of 20 mg/kg wet weight. On the contrary, it should be
noted that several of the foods, even when cooked in copper vessels, suffered
a marked loss of copper. This type of loss of essential trace elements during
food processing may be of some significance if the availability of the metals
in fresh foods is limited.

The Inter-Departmental Working Group on Heavy Metals in its paper on
‘Lead in the Environment .. (Department of the Environment, 1974) noted
that tin-coated utensils can contaminate food with lead. The results given here
show the levels of lead contamination which may be expected in meals served
in a restaurant where traditional tinned-copper utensils are used. When referring
to the corresponding problem of lead pick-up by food from some poorly made
glazes on ceramic ware, the Working Group recommended that ‘amateur potters,
including those working at schools or colleges, should restrict the use of their
glazed ware to decorative purposes only unless evidence of its suitability for
cooking or food storage is available’. While not suggesting the same
restriction on the tinned saucepans, itwould seem that, at the least, care should
be taken to see that those in use conform to the present regulations which
limit the amount of lead which may be present. Perhaps even this level should
be kept under review and, if possible, the permitted amount of lead reduced or
at least methods of making the metal less easily extracted by food, investigated.
However, according to the professional tinners, the figure of 0.2% lead is the
finest limit at which it is practical to tin anything on a production basis
(Barrett, 1977). Almost 40 years ago when the situation was far worse and as
much as 20% lead was to be found in some tin plate, Monier-Williams (Ministry
of Health, 1938) pointed out that lead alloys used in plating could contaminate
food. His appeal for a reduction of the amount of lead entering food in this
way to the lowest possible limit was finally answered by the 1964 British
Standard. But, when appealing for a lower limit, Monier-Williams wondered
whether ‘any limit, however small, for a cumulative poison can be regarded
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as safe’. Others today echo his doubts and would like to see lead prohibited as
a constituent of any container in which food is stored or cooked (Bryce-Smith
& Waldron, 1974). This view is not shared by the Food Additives and Contami-
nants Committee which points out that it can be misleading to concentrate
attention on extreme cases of lead contamination. Most people eat a mixed
diet and receive a lead intake of less than half the FAO/WHO ‘provisional
tolerable weekly intake’ of 3.0 mg for adults. While it is true that a constant
diet of Whiting & la Portuguese or Poulet sauté bourguignonne, cooked in the
manner described here, might result in a build up of lead in the body, the
consumption of the type of food served in the restaurant for normal luncheon,
even if this were consumed at each meal of the day, would, on the assumption
that the total weekly intake of food is 10.5 kg and that the main course only is
eaten, contribute approximately 4 mg of lead to the body of an adult. It is,
of course, highly improbable that anyone would eat a diet entirely composed
of such food, though the situation could arise with hotel staff who take all
their meals in the hotel or in families where tinned kitchen utensils are used.
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Book reviews

Energy Saving Techniques for the Food Industry. Ed. by M. E. Casper.
New Jersey: Noyes Data Corporation, 1977. Pp. xiv + 657. U.S. $39.00.

The book is based on two reports entitled Energy Efficiency Improvement
Targets, Food and Kindred Products Industry and Industrial Energy Study
of Selected Food Industries prepared for the U.S.A.’s Federal Energy Ad-
ministration in order to develop energy improvement targets for 1980. The first
chapter is concerned with a general description of the food industries in the
U.S.A. with particular reference to the structure and operations, energy-use
patterns and energy conservation achievement and programme. The method-
ology used to establish an energy efficiency improvement target is discussed in
Chapter 2. The third chapter is concerned with a general description of energy
efficiency improvement measures — tables show the energy conservation
techniques and procedures which were considered during the survey. The
conversion from the use of scarce energy forms is discussed in Chapter 4.
Government regulations can directly affect the energy use requirements of
industry and this aspect is reviewed in the next chapter. The energy efficiency
improvement target which should be achievable by 1980 is defined in Chapter
6. The remaining forty-seven chapters of the book give for each industry a
description of the structure, energy consumption patterns, energy conserva-
tion achievement and programmes, energy efficiency improvement analysis,
and the technological, economic and legal considerations affecting the industry.
Industries described include sugar and sugar confectionery products, corn
milling and baker products, pasta products, cereal breakfast foods, meat
packing and meat products, fish and seafoods, oils and fats, milk and dairy
products, poultry and egg processing, pet food, fruit and vegetables, soft
drinks, wines and spirits, beverages, chocolate and cocoa products, and pickles,
sauces and salad dressings.

The data presented will be of interest to food manufacturers in the United
Kingdom, and some engineers will wish to ascertain the practicability of
applying suggested savings measures in their factories.

Two, perhaps minor, criticisms of the book are the lack of an index and the
quality of the printing. Fortunately each industry chapter has a similar format
and therefore the required information can be found by reference to the table
of contents. In order to keep the price of the book to a reasonable level the
publishers have reproduced by photo offset directly from the original type-
written report and unfortunately the quality of printing leaves much to be
desired.

This reference book can be recommended as desirable reading by factory
management responsible for the efficient utilization of energy resources.

D. Blackburn
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Tea and Soluble Tea Products Manufacture. N. D. Pintauro.
New Jersey: Noyes Data Corporation, 1977. Pp. xii + 261. U.S. $36.

The author has surveyed the U.S. and British patent literature of the last
twenty years or so, which he describes as ‘the largest and most comprehensive
collection of technical information in the world’. This is the first of many
errors, since patents by and large are not intended to impart technical data, or
even define a process closely; they are designed to protect inventions from
competition, even if they only exist in the imagination of the inventor. This
misunderstanding runs throughout the book, and sets its tone. As a result,
while the coverage is quite good, the standard of reviewing is very variable.
There is a good deal of intricate detail describing individual processes, often
including results that are quite unrepeatable. A good example of this is a graph
on p. 17 which is supposed to illustrate the ‘course of fermentation’, something
which will in fact vary with the source and variety of tea as well as with
differences in processing. Another result of the almost verbatim account of
patent claims is the unwarranted implication of precision and reproducibility.

A concise summary of the principles and mechanics of each process,
followed by a few generalized and critical descriptions from patents, would
have been more suitable in such a review, but in fact no criticism is made of the
patentee’s claims. Moreover it is unfortunate that the author has failed to
achieve his intention of eliminating ‘legal jargon and juristic phraseology’
from the patents; instead they are served up in a largely undigested form, full
of such phrases as ‘preferably’, ‘between —and —’ and ‘substantially’. The
last is particularly objectionable when it appears as ‘substantially completely
eliminated’ (p. 207).

Individual patents have been reproduced more or less intact, and are
arranged sequentially so that little attempt has been made to correlate and
integrate the data contained in different patents. Because of this some sections
contain material which would have been placed better elsewhere.

The author’s failure to be critical has led him into factual errors in several
places. It is no valid excuse that these errors are originally the fault of the
patentees. This book should have filled a gap in the literature, for we badly
need a good modern treatise on tea technology. Regrettably in our opinion,
Mr Pintauro has failed to provide this.

G. V. Stagg
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Cooling Technology in the Food Industry. A. Ciobanu, G. Lascu, V. Bercescu
and L. Niculescu,
Tunbridge Wells: Abacus Press, 1976. Pp. 500. £16.50.

This substantial book is a revision by the senior author of Frigid Artificial in
Fabricarea 8i conserverea Produselor Alimentare, first published by Editura
Technica, Bucharest, in 1971, translated into English by Mr Ciobanu and
Mr C. Sturza, with Dr John Hammel acting as translation editor. The text is,
by and large, clear and readable, though one does find a minor asperity in
language on, perhaps, every other page.

The book is divided into three main sections: Scientific Background, General
Systems Applied in Food Refrigeration and Applications. In the first and
shortest section, in two chapters, the authors discuss the biochemical, bio-
logical, nutritional and physical changes occurring in stored foods and the
effect of temperature thereon. In the second section there are chapters devoted
in turn to chilling, freezing, air conditioning and freeze drying —together with
a particularly short chapter (barely eight pages of text) covering treatments
which might be combined with refrigeration. Half of this chapter is devoted to
modified atmosphere storage, while in the rest, vacuum packaging, dehydro-
freezing, blanching, chemical and antibiotic treatments and irradiation are
dismissed.

The final section (which comprises half the book) is written on a commodity
basis and includes chapters on: Meat and Meat Products, Poultry, Fish and Fish
Products, Milk and Dairy Products, Eggs, Fruits and Vegetables, Ice Cream,
Prepared Foods and Fermented Beverages, together with a chapter on various
products not included in the above categories and another on The Cold Chain.

The approach is that of the food technologist, rather than the refrigeration
engineer. For instance, in the chapter on fruits and vegetahles there are sections
on the selection of raw materials, cleaning, peeling, blanching, protective
additives and quality control - sections in which cooling, as such, is hardly
mentioned. In writing a wide-ranging book such as this, one must decide in
advance what it is to be assumed that the reader already knows. The authors,
particularly in their introductory section, do not really come to grips with this
problem. The terms ‘solute’ and ‘solvent’ are given formal definitions, yet a
few pages later ‘colligalive’, ‘dendrite’ and ‘evanescent spherulite’ are intro-
duced without any explanation as to their meaning. However, the reader with
even an elementary knowledge of food technology should have no problem
with the text.

Rather unusually, for a technical book published in England today, C.G.S.
units are employed throughout. An appendix lists conversion factors between
C.G.S., S.I. and Imperial measures. Other appendices give a table of the
enthalpies of a variety of foods over the temperature range +30 to —30°C
together with Mollier and Carrier Psychrometric Charts (this last being in
Imperial units). Symbols used in mathematical sections of the work are
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variously defined in the text or listed at the end of the appropriate section -
which can cause some confusion at first reading.

Copious references are given throughout to published sources —both to
general texts and specialist original papers. In the earlier sections some of the
references to general texts are, unfortunately, to works in Romanian. One
would have thought that, in preparing a work for English-speaking readers,
equivalent texts in English could have been cited. On the other hand, the re-
search citations are largely to works in English, French and German. Sur-
prisingly few references to Eastern European publications are given.

In revising the text, the citations have been brought up to the year 1975,
Taking, at random, the chapter on freezing, almost 40% of the 197 references
are from the period 1972—75. Yet, even with this extensive revision, the book
has rather a traditional air. For instance, the section on freezing times discusses
Planck’s equation for four pages, yet dismisses computer methods of freezing
time estimation in two lines and three references. There is little discussion
of the limitation of Planck’s equation nor is it appreciated that the formulation
given in equation 4.5 embraces those given in equations 4.3 and 4.6. Indeed,
throughout the book the smell of the paste and the snip of the scissors is more
in evidence than an independant re-assessment of the published literature.
Nevertheless, even the experienced reader should find this a useful book for
general reference.

The volume itself, which has been produced in Romania, is well printed and
bound but, alas, is innocent of an index.

N. D. Cowell

Books received

Sweeteners and Enhancers. Food Technology Review No. 40. N. D. Pintauro.
New Jersey: Noyes Data Corporation, 1977. Pp. xi+ 392. US$39.

The book reviews the American and some of the British patent literature on
compounds proposed and used as sweeteners and sweetness enhancers.

Radiation Chemistry of Major Food Components. Ed. by P. S. Elias and A. J.
Cohen.

Amsterdam: Elsevier Publishing Company, 1977. Pp. xii+220. £17.00.

A collection of monographs on the radiation chemistry of lipids, proteins,
carbohydrates and vitamins.

Developments in Food Carbohydrates. Ed. by G. G. Birch and R. S. Shallen-
berger.

London: Applied Science Publishers, 1977. Pp. x+ 199, £12.50.

Five of the ten papers in this collection deal with specific problems of food
technology.
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Over100¥earsexperiencehastaught favourably impressed.
us to meetsuch demands.
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