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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 ageing at 3.3°C under controlled conditions of air 
movement and relative humidity and stored at 3, 7 and 15°C. It was concluded 
that the lower conditioning temperature was less likely to give problems 
associated with rapid microbial multiplication, though no potentially dangerous 
organisms were detected after conditioning and ageing at either temperature. 
The shelf-life of the meat conditioned at 18°C was shorter than at 10°C. In a 
subsequent investigation cuts of meat from a leg conditioned at 10°C and aged 
at 3.3°C were vacuum packaged and stored at 1 —2 and 7°C for up to 6 weeks. 
The meat had spoiled in the vacuum-packages at 7°C after 6 weeks, but not 
after 3, while spoilage was not detected in the 6 week stored meat at 1—2°C, 
though faecal streptococci were present in all samples after 3 weeks. 
C l o s t r i d i u m  w e l c h i i  was found (26 per lOOg) in the 10°C conditioned meat 
stored at 1— 2°C, after 6 weeks. Large numbers of Gram-negative organisms 
including 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-shortening’ pheno­
menon first observed by Locker & Hagyard (1963). The meat ‘sets’ in the 
shortened state as rigor sets in, and becomes extremely tough when it is sub­
sequently cooked. Bendall (1974) has stated that ‘cold-shortening’ sets in 
during 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 
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commercial rates of chilling cold-shortening may occur, while on the other 
hand optimal tenderness can be achieved in lamb or beef carcases if these are 
not chilled below 10°C until at least 10 hr after slaughter. 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 (Cutting, 1972a), 
or in the EEC Council Directives (Cutting, 1972b) which lay down that fresh 
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 shortening, 
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 e t  a l .  
(1975). The methods used have included conditioning of both lamb 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 packed cuts (beef) to 
develop tenderness. Bacteriological standards were also specified. Unconventional 
techniques were also described by these workers viz. altered posture during 
chilling and ageing, hot boning allied to conditioning at 10—15°C, high 
temperature conditioning (at 44-45°C ) and electrical stimulation to speed 
the onset of rigor.

Some experiments 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 packaging. 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
C o n d i t i o n i n g  a n d  a g e i n g  p r o c e d u r e s

The hind legs were removed from freshly butchered hogget carcases and 
immediately transported to the laboratory some 20 miles distant. In the first 
investigation, each leg was weighed, leg A aged for 7 days at 3.3 ± 1°C at a 
relative humidity of 88—91%. Leg B was conditioned at 18 + 1.5°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 8 days before defrosting at 3.3°C for 39 hr. The air flow in 
the conditioning and ageing cabinets (Patra, Laboratory and Thermal Equip­
ment Ltd, Oldham) was regulated 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 BD8 ), using an electronic thermometer 
and automatic selector unit (Comark Electronics Ltd, Littlehampton). 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 before 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 humidity of 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 legs) 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.

S t o r a g e  o f  t h e  m e a t  a f t e r  c o n d i t i o n i n g  a n d  a g e i n g

Three cuts from the conditioned and aged meat from the first, second and 
fourth investigations, were taken by cutting across the bone thus exposing 
fresh surfaces, placed between two new polystyrene trays and overwrapped 
with a clear plastic film (WVTR 700 g/m2/24 hr; 0 2 transmission rate 8500 
ml/m2/24 hr; C02 transmission rate 70 000 ml/m2/24 hr). One piece from 
each leg was stored for 1 day 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 returned to storage 
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 6 weeks. The remaining cut was used for initial sampling.

M i c r o b i o l o g i c a l  e x a m i n a t i o n

Initial counts on the surface of the legs were obtained from triplicate swabs 
of 10 cm2 areas outlined by sterile metal templates. Each swab was moistened 
in sterile 0.5% (w/v) peptone water, and applied for 15 sec to the surface; the 
swabs were broken into 30 ml sterile 0.5% (w/v) 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 investigation, after taking cuts across the bone for storage 
experiments, the remainder of the legs were sterilized by flaming followed by 
painting with a saturated alcoholic solution of crystal violet and brilliant green. 
The 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 similarly sampled. In addition the bone was cut from each piece, rinsed 
in sterile diluent, the rinsings combined with small pieces of meat cut from 
around the bone, and blended for 1.5 min in a sterile Atomix cup (MSE 
Scientific Instruments, Crawley, Sussex). No special precautions were taken 
to avoid carrying contamination into the bone from the exterior when cutting 
pieces for storage in the first and second investigations, but in the third and 
subsequent investigation the surfaces were sterilized by direct flaming before 
cutting.

In the third investigation, after opening 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 
peptone water and mixed using the Colworth Stomacher for 2.5 min (Seward 
Ltd, 6 Stamford St, London). Decimal dilutions were prepared in 0.1% sterile 
peptone water by the method of Murray (1956) and 0.1 ml quantities from 
suitable 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 by burning a 
candle to extinction in the incubation jar. In the third investigation, Entero- 
bacteriaceae were isolated on violet red bile agar (Oxoid CM 107) containing 
1% glucose as recommended by Mossel, Mengerink & Scholts (1962) and 
enumerated after 5 days at 15°C.

Representative isolates from the first, second and third investigations were 
picked off the total count plates using the method of Harrison (1938). These 
were purified by streaking and subjected to the following tests: colony 
characteristics on nutrient agar incubated for 3 days at 22°C in air; Gram 
reaction; catalase; oxidase; morphology 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 production of fluorescent pigments on the media 
of King, Ward & Raney (1954). Gram-positive cocci were checked for the 
production of catalase on a nutrient agar containing 1% (w/v) of added glucose. 
If catalase-positive on this medium, the ability to dissimilate glucose oxidatively 
or fermentatively was tested in the medium of Baird-Parker (1963). If fermenta­
tive the isolates were tested for the production of coagulase. Gram-positive, 
catalase-positive non-sporing rods (presumptive M .  t h e r m o s p h a c t u m ) were 
tested for the ability to grow on the medium of Gardner (1966), and that of 
Rogosa, Mitchell & Wiseman (1951).

Further identification of the Gram-negative isolates was made using the tests 
described by Hendrie, Hodgkiss & Shewan (1964), Cowan & Steel (1974) and 
the identification keys described in Bergey’s Manual (Buchanan & Gibbons,
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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).

E x t r a c e l l u l a r  e n z y m e s  o f  t h e  i s o l a t e s

The abilities of the isolates to hydrolyse casein, tributyrin and gelatin were 
tested by streaking each isolate on plates of casein agar prepared by adding 10% 
(v/v) of reconstituted skim milk powder to a nutrient agar medium, pH 7.4; 
tributyrin agar (Cowan & Steel, 1974) and by 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 1. In the first investigation where conditioning 
at 18°C for 24 hr was followed by ageing for 72 hr at 3.3°C, freezing and 
thawing, the logi0 total numbers of organisms recovered/cm2 increased from
4.11 to 5.71, while the type of flora continued to be dominated by M i c r o c o c c u s  
spp. Some of this increase in numbers may 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.

In the second investigation, conditioning at 10°C for 1 day followed by 
ageing at 3.3°C for 6 days (twice as long as the maximum suggested by 
Locker e t  a l ,  1975) also resulted in an increase in total count, although not as 
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 M i c r o c o c c u s  spp., there was a marked increase 
in the proportion of A c i n e t o b a c t e r - like organisms. Decreasing the duration of 
ageing from 6 days to 1 day (investigation III, Table 1) resulted in a slight 
decrease in total count. In the later investigation (IV, Table 1) the initial levels 
of contamination were generally lower and remained lower after conditioning 
and ageing than in comparable earlier investigations. The results indicated 
however that whereas conditioning at 10°C followed by 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 multiplication.

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 ageing chambers 
overnight, and the conditioned leg at 18°C, decreased to the temperature of 
the ageing chamber (3.3°C) within another 8 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.

After storage in air (Table 2), the microbiological condition of pieces of 
meat cut from 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 storage suggested that bone 
taint might be a problem with high temperature conditioned meat, although 
the later investigation (IV) did not confirm this, probably as a result of taking 
care not to carry surface 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 e t  a l . ,  1975) using conditioning 
temperatures of 13, 16 or 18°C (for 16- 24 hr) followed by 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 
anaerobes were detected in the DRCM medium.

In the first and second investigations 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 7°C, and 7 days at 3°C, and in meat conditioned at 10°C after 3 days at 
15°C, 6 days at 7°C, while no off odours were detected during storage at 3.3°C 
for 32 days. Conventionally aged meat (7 days at 3.3°C) when cut and stored, 
failed to spoil in 32 days at 3.3°C but had a shelf life of 12 days at 7°C and 
6 days at 15°C.

From these limited investigations it would appear that lamb can be conditioned 
at a relatively high temperature for the purposes of avoiding toughness without 
any great microbiological problems, provided initial contamination is kept to a 
minimum. However a shorter shelf life might be expected than with conven­
tionally chilled and aged meat though the ageing period we used was longer than 
that recommended by Locker e t  a l . (1975). There was no evidence to suggest 
the rapid multiplication of potentially dangerous organisms at either con­
ditioning temperature in our investigations.

The microbiological condition of the meat after vacuum-packaging (the third 
investigation) is shown in Table 3, where an interesting feature was the rapid
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Table 5. E xtrace llu lar enzym es p rodu ced  by  isolates fro m  vacuum -packaged lam b

No.
tested

Incidence o f enzym es (%)

Isolate L ipoly tic C aseolytic G e la tin o ly tic

M . t h e r m o s p h a c t u m 95 Nil Nil Nil
L a c to b a c i l l u s  spp. 7 Nil Nil Nil
O th er G ram  +ve rods, 
+ve cocci

3 33 Nil 33

P s e u d o m o n a s  gp I 9 100 78 100
P s e u d o m o n a s  gp 11 24 Nil Nil 13
M o r a x e l l a - l i k t  organism s 9 Nil Nil 11
A lc a l i g e n e s  sp. 1 Nil Nil Nil
V i b r i o / A e r o m o n a s  spp.
P sy ch ro tro p h ic
E n terobacteriaceae

3 33 67 100

Lactose +ve 22 46 41 46
Lactose —ve 89 67 67 67

T otals 262 31 30 33

increase in the number of Gram negative isolates, particularly on the meat held 
at 7°C and the low numbers of catalase negative organisms, normally expected 
on vacuum packaged meat. Barlow &Kitchell (1966) foundM . t h e r m o s p h a c t u m ,  
which is Gram-positive and catalase positive to be the predominant organism on 
vacuum-packaged lamb chops held at 5°C for 6 days, 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 proportion of Gram-negative organisms which were potential spoilers. 
The catalase positive, Gram-positive rods were found to bq M . t h e r m o s p h a c t u m ,  
while the catalase negative rods were lactobacilli.

The composition of the Gram-negative flora present when the vacuum- 
packages were opened is given in Table 4. The isolates from the conventionally 
aged meat stored at 1—2°C were P s e u d o m o n a s  gps I, II and III and M o r a x e l l a -  
like organisms together with one strain of A l c a l i g e n e s .  The majority of isolates 
from conditioned meat stored at 1—2°C, and from both legs stored at 7°C were 
psychrotrophic Enterobacteriaceae although none of these organisms were 
detected in other aerobic storage 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 
e t  a l. (1974). Ingram & Dainty (1971) suggested that when fresh meats are 
vacuum-packaged in relatively impermeable films, the 0 2 becomes largely 
replaced by C02 and the P s e u d o m o n a s - A c h r o m o b a c t e r  element in the flora is
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suppressed by more tolerant strains of the E n t e r o b a c t e r - H a f n i a  group, K u r t h i a ,  
M . t h e r m o s p h a c t u r n  and lactobacilli.

Spoilage had taken place in the vacuum-package after 6 weeks at 7°C, since 
strong off-odours were present on opening, particularly 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 C l o s t r i d i u m  s p o r o g e n e s  were found in the 
meat from leg A stored at 2°C for 3 weeks, and in all samples after 6 weeks. 
C l . w e l c h i i  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 6 weeks, 
with low numbers at 1—2°C and the highest recovery being log10 6.48/g on 
meat from leg A stored at 7°C for 6 weeks. These results emphasize 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 e t  a l. (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 descriptions given by Cowan & Steel (1974) or in Bergey’s Manual 
(Buchanan & Gibbons, 1 974) but the majority could be described as strains 
resembling S e r r a t i a  l i q u e f a c i e n s  (70); others were identified as H a f n i a  a l v e i  
(21), E n t e r o b a c t e r  c l o a c a e  (14), E n t e r o b a c t e r  a e r o g e n e s  (3), K l e b s i e l l a  
a e r o g e n e s  (2), with one unidentified. 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 
slowly at 0°C, with a doubling time of 30—60 hr, and that this shortened 
c .  7 hr at 7°C.

The extracellular enzymes produced by the isolates are shown in Table 5. 
P s e u d o m o n a s  group I strains were particularly active as were the V i b r i o /  
A e r o m o n a s  and H a f n i a  isolates. This is at variance with the definition of
H . a l v e i  given by Cowan & Steel (1974) where this organism was described as 
gelatin negative, though the test media used were different. Of all the groups, 
P s e u d o m o n a s ,  V i b r i o / A e r o m o n a s  and the psychrotrophic Enterobacteriaceae 
would from these results be likely to spoil the meat under aerobic conditions 
if ability 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 
S t a p h y lo c o c c u s  a u re u s  and S a lm o n e lla  t y p h im u r iu m  when 
inoculated on to bacon

GERALDINE M. FARRELL and MARY E. UPTON

Summary
Samples of bacon (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  
counts increased at 16°C but decreased when the storage temperature was 
5 and -22°C.

Introduction
A study was undertaken to investigate the growth and survival of Staphylo­
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 (1962) noted the presence of S. aureus in spiced 
ham, while Eddy & Ingram (1962) stated that normal bacon may be regularly 
contaminated with food poisoning staphylococci. Thatcher, Robinson & 
Erdman (1962) showed that under certain conditions staphylococcal toxin 
production occurs on bacon and that the toxin can survive cooking at 205°C. 
Dempster, Reid & Cody (1973) reported that vacuum packed hams were 
contaminated with coagulase positive staphylococci, during the packaging 
operation, following cooking. These authors pointed out that if slicing and 
packing are not hygienically controlled early contamination can take place by 
human operators, who are a likely source of food poisoning bacteria.

Dempster & Kelly (1973) studied the growth of S. aureus in Wiltshire bacon 
and bacon produced hygienically. The two bacons were inoculated with a high 
(106/g) and a low (103/g) dosage 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

Authors’ address: Department of Industrial Microbiology, University College, Ardmore, 
Stillorgan, Dublin 4.
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being more pronounced in the ‘hygienic’ than in Wiltshire bacon. The increasing 
importance of Salmonella, as a food pathogen, has been well documented, e.g. 
Weissman & Carpenter (1969), Hobbs (1974), McCoy (1975) and Tompkin 
(1976). Matches & Liston (1968) 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.g. 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 spoilage obtained, due to its 
influence on bacterial development (Cavett, 1962). The storage life of a product 
may be increased by retention at a low temperature. 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 Bergey’s Manual (Buchanan & Gibbons, 1974) as 37°C. The 
temperature at which food products may be stored fall into three broad ranges — 
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, throughout the experiments, 
it was possible to maintain the salt content at a constant level. Dempster (1976) 
pointed out that temperature has a controlling influence on the action of salt. 
The lethal action of salt on micro-organisms is less effective at low temperatures 
because a temperature rise almost invariably increases the velocity of a 
bactericidal reaction.

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 (Ingram, 1960).

Competition between organisms is also of importance. As noted by Thatcher, 
Robinson & Erdman (1962) the competitive action of spoilage bacteria, under 
certain conditions, may repress multiplication of specific pathogens. By following 
the changes in the natural flora of the uninoculated samples, 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 (SI 10, Oxoid). Brilliant Green Agar (BGA, 
Oxoid) was used in the enumeration of S. typhimurium. 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% (w/w) 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 g portions were sliced aseptically and 

placed in sterile Petri dishes in which the samples were stored during the 
course of the experiments. The humidity of the samples was not controlled.

Sample inoculation
Serial dilutions were prepared 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 bacteria, 
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 plastic bags, to which 90 ml 

of Ringer’s solution was added. The contents of the bags 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 recorded 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 over a period of 30—32 days on 7 to 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 o f  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 o f  storage at —22°C on S. aureus

A significant decrease occurred in the S. aureus counts during the storage 
period (Fig. 1). The unfavourable temperature could account for this result. 
It should be noted, however, that 41.8% of the S. aureus organisms remained 
viable after 30 days storage. The total counts of the inoculated samples decreased 
significantly during the experiment. In the uninoculated samples a significant 
increase was noted between day 0 and 1, which may be accounted for by 
multiplication before the storage temperature was reached. The results of day 
1 and day 30 showed no significant change. The pH trends of the uninoculated 
and inoculated samples did not change significantly during the experiment. 
This is in agreement with the reports of Georgala & Hurst (1963).

Figure 1. Changes in num ber of organisms when stored at — 2 2 ° C  in the exper­
iment using Staphylococcus aureus. • ,  to tal counts of uninoculated samples on 
PCA + 3% NaCl; A, to tal 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. *, to tal 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 o f  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 (Fig. 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 bacteria. This agrees with the findings of Graves & Frazier (1963), who 
reported that species of Lactobacillus cause inhibition of S. aureus. From day 
13 to 28 a gradual but significant increase in the S. aureus counts was recorded. 
This could be 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

Day
Uninoculated 
samples at 5°C

Inoculated 
samples at 5°C

Uninoculated 
samples at 16°C

Inoculated 
samples at 16°C

0 5.9 5.9 6.0 6.2
1 5.8 5.9 5.7 5.8
3 6.1 6.2 — -----
4 — — 5.1 5.7
8 6.0 5.9 5.9 8.0

13 5.9 5.6 8.0 9.5
17 5.3 5.3 — —
20 — — 9.7 10.2
22 5.4 5.6 — —
25 — — 10.4 10.7
28 5.6 6.7 10.6 10.7
35 6.5 7.75 10.5 10.7
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Figure 3. Changes in number of organisms when stored at 16°C in the exper­
iment using Staphylococcus aureus. • ,  total counts of the uninoculated samples 
on PCA + 3% NaCl; A, to tal counts of samples inoculated with Staphylococcus 
aureus on PCA + 3% N aC l;0 , Staphylococcus aureus counts on SI 10.

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 o f  storage at 16° C on S. aureus
During the first 8 days of storage all counts increased significantly (Fig. 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 (1972). The uninoculated samples showed a significant 
increase between day 0 and 25, followed by a significant decrease. The pH 
trends are illustrated in Table 1. The pattern for both types of samples was the 
same, but the increases for the inoculated samples were greater.

The effect o f  storage at —22° C on S. typhimurium
The marked decrease in S. typhimurium  counts during storage was significant 

(Fig. 4). At the conclusion of the experiment on day 32, 10.4% of the initial 
number of organisms 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 
agreement with the findings of Woodburn & Strong (1960) and of Enkiri & 
Alford (1971). The latter recorded the survival of salmonellae when inoculated 
on to the surface of meat and stored at — 18°C over a period of 10 weeks,
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Figure 4. Changes in number of organisms when stored at —22°C in the exper­
im ent using Salmonella typhim urium . to tal counts on PCA + 3% NaCl; o, 
Salmonella typhim urium  counts on BGA.

Figure 5. Changes in num ber of organisms when stored at 5°C in the exper­
im ent using Salmonella typhimurium. * , to tal counts of the uninoculated 
samples on PCA + 3% NaCl. to tal counts of the inoculated samples on PCA + 
3% NaCl. o, Salmonella typhim urium  counts on BGA.

The effect o f  storage 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 changes did not differ 
significantly (Fig. 5). Salmonella counts yielded a significant decrease during 
the remainder of the storage period. The percentage survival of S. typhimurium  
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 borne out by 
the work of Goepfert & Chung (1970) who noted the ability of Salmonella to 
survive protracted storage at 5°C when inoculated on to the surface of luncheon 
meats but grew when incubated at room temperature. Angelotti, Foter & Lewis
(1961) observed no growth of salmonellae in custard or ham salad between 4.4 
and 10° C; however, in chicken a la king growth of salmonellae occurred at 
temperatures of 6.7°C and above. These authors concluded that growth of 
salmonellae in perishable foods was prevented when the internal temperature 
was at or below 5.6°C.

Time (day)
Figure 6. Changes in num ber of organisms when stored at 16°C in the exper­
iment using Salmonella typhimurium. • ,  to tal counts of the uninoculated 
samples on PCA + 3% NaCl; A, to tal counts of the inoculated samples on 
PCA + 3% NaCl. o, Salmonella typhim urium  counts on BGA.

The effect o f  storage at 16°C on S. typhimurium
The increase recorded in Salmonella counts until day 7 was significant, while 

in the interval day 7 to 18 the numbers did not differ significantly (Fig. 6). 
Following day 18 a significant decrease was noted. This latter result 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 
growth. Matches & Liston (1972) noted growth of Salmonella at 12°C, when 
the 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 during 
the remainder of the experiment. The uninoculated samples showed a continued 
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. 
typhimurium  can survive storage at —22°C, over a period of 30 days. If a sample 
of bacon is contaminated with sufficient of these organisms (greater than 
1 X 1 06 /g; Frazier, 1967) prior to storage at —22°C, there is the possibility that 
food poisoning may occur. At 5°C staphylococci show a marked increase in 
numbers. If a sample is contaminated with this organism, sufficient growth may 
occur to cause illness. In the case of Salmonella stored at 5°C, unless present in 
sufficient numbers to cause infection, prior 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 o f  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 the manufacture 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 organisms and spray dried. Storage for 2 weeks at 55 or49°Cgave a
6—7 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 egg products are frequently 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 whip 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 
(Ayres & Slosberg, 1949). This method is not detrimental to the functional 
properties 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 egg white, but insufficient data are available on the 
microbiological 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 storage time necessary to give a 106 reduction of S. oranienburg
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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 by Banwart & Ayres (1956) to be more resistant than other 
Salmonella serotypes to hotroom drying. Moreover this serotype is frequently 
isolated from egg products. Other test organisms were Enterobacter cloacae, 
isolated from spray dried egg white, Klebsiella pneumoniae 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 egg 

processing plant using a fermentation method with an unspecified mixture of 
bacteria and yeasts. After 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 organisms 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 pH adjustment 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 2 cm. The egg white was dried in a 
forced air oven for 48 hr. Dry bulb temperature and relative 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 frozen egg white, treated with the enzyme glucose oxidase in order to 
remove the glucose, was obtained from a commercial egg processing plant. After 
thawing, 120 litre of egg white was inoculated with test organisms as described 
for the pan dried egg white experiments, however, Salmonella was not used as 
a test organism, in order to avoid contamination of the commercial scale spray 
dryer. The liquid egg was spray dried according to procedures considered by 
the egg processing industry to give a product having acceptable functional 
properties. Products with various moisture contents were obtained by adjusting 
both 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 (Difco B12) with 10 g glucose per litre (VRBG); the plates 
were incubated for 24 hr at 37°C. To estimate the number or organisms present 
after the addition of citric acid or ammonia, after drying, and during the hot­
room treatment, the Most Probable Number technique including a pre­
enrichment stage and using five tubes or flasks for each dilution was applied. 
Depending on the number of test organisms expected, 100, 10 and 1 g of the 
product were transferred to a ten-fold larger volume of buffered peptone water. 
Further serial dilutions were also made in buffered peptone water. To estimate 
the surviving 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 broth were streaked onto 
brilliant-green phenol red agar (Oxoid CM 329). Plates were examined for 
typical 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 0566). 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 product was determined by the loss in weight 

of a 2 g 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 10.5 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 addition of citric acid the 
direct effect was slight; the inactivation was proportional to the amount of 
citric acid added. During drying also an inactivation proportional to the amount 
of citric acid added was noticed. 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 during hotroom 
treatment. However, the inactivation during spray drying was slight and not 
proportional to the amount of ammonia added. Figure 1 shows that during 
drying and hotroom treatment S. oranienburg was more resistant than K.
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T a b le  1. Decimal reduction of Salm onella oranienburg  during processing of pan dried egg 
white (10 .5—10.7% moisture)

Process step
With citric acid adjusted pH With ammonia adjusted pH

4.7 4.9 5.1 9.6 9.7 9.8 10.0
During 24 hr after
pH adjustment 0.7 0.4 0.2 0.4 1.0 2.3 > 2 .5
Pan drying 1.5* 1.4 0.9 2.0 1.0 0.4 0.5
Hotroom  treatm ent 
of 14 days

49 C — 't 1.8 — — — 5.4 —
51°C — 3.3 — — — 4.4 —

53°C 1.9 2.8 3.6 1.9 4.0 4.0 4.0
55°C — 4.8 — — — 7.0 —

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

pneumoniae, Citrobacter and P. vulgaris. 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

F ig u re  1. Reduction of test organism during acid treatm ent at pH 4.9, pan drying, 
and storage at 53 C. • , Salm onella oranienburg; O, K lebsiella pneum oniae; 
Citrobacter; □ , P roteus vulgaris.
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Citrobacter sp. Klebsiella pneumoniae Enterobacter cloacae
Process s t e p -------------------- --------------------------------------------  -----------------------------

Dry product, moisture (% w/w)
5.9 6.8 7.9 8.8 5.2 6.0 6.8 5.8 6.9 8.8

Spray drying 
Hotroom treatm ent 
of 14 days

4.0* 4.0 2.9 2.1 > 4 .5 > 4 .5 > 4 .5 2.7 2.5 1.8

49°C 4.9 4.5 — t — 5.4 5.7 5.7 — — —

5 1°C 5.2 — 6.2 — — — — — — —

53°C 5.5 6.0 — 7.3 — — — 6.4 6.7 > 8
55°C 6.2 6.5 7.1 — 6.6 6.0 6.6 — — —

* Per 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 agree after adding 1 to the total reduction in 
Fig. 1 necessary to compensate the change of MPN per ml to MPN per g 
after drying.

The results for spray dried egg white are shown in Table 2. The inactivation 
of the test organisms was greater during spraying of a low moisture egg white 
powder. However, the inactivation in a low moisture powder during hotroom 
treatment 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 pasteurization is often 
checked by the relatively simple presence/absence test for Enterobacteriaceae. 
In order to meet a specification requiring absence of Enterobacteriaceae in
0.1 g of product, a reduction of 106 is needed, because the number of Entero­
bacteriaceae in the fermented egg white frequently amounts 106 per ml of 
liquid egg 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 degree of inactivation 
of salmonellae is achieved by the citric acid process with a hotroom temperature 
of 55°C. In the ammonia process an effective inactivation of salmonellae is 
achieved after adjusting the pH to 9.8 in combination with a hotroom tempera­
ture of 49°C.
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in 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 egg 
white the inactivation of Citrobacter was 2 log greater than that of S. 
oranienburg (Fig. 1). Banwart& Ayres (1956) 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 be 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 g sample of pan 
dried egg white although Enterobacteriaceae were absent in 1 g. This means 
that after processes causing different inactivation rates for Salmonellae and other 
members of the Enterobacteriaceae, the presence/absence test for Entero­
bacteriaceae, although of value as a check for recontamination, is not useful to 
check for the absence of salmonellae. Salmonellas should be tested for directly 
in dried egg white pasteurized by the hotroom treatment.
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E v a lu a tio n  o f  sp ices a n d  o leo re s in -V I-p u n g en cy  o f  g inger 
c o m p o n e n ts ,  g ing ero ls  a n d  sho g o als  a n d  q u a lity

SHANTHI NARASIMHAN a n d V . S .  GOVINDARAJAN

Summary
The pungent compounds of ginger had earlier been shown to be homologous 
gingerols, the dehydration product shogaols and the degradation product 
zingerone. The changes in these compounds are reported 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 
purified pungent isolates, gingerols and shogaols established that shogaols are 
twice as pungent as gingerols. With this ratio of pungency of gingerols and 
shogaols, the calculated values agreed well with the estimated values of pungency 
in different ginger oleoresin samples. Occurrence of other non-pungent phenolics 
with close Rf 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 sensory 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 o-methoxy phenyl alkanones, the gingerols, with varying lengths of side 
chains and shogaols the related dehydration product. Based on the aldehyde 
released from the side chain on alkaline degradation, he proposed naming them
(6)—, (8)—, and (10)— gingerols. The three gingerols were found in the ratio 
56 :13:31  (Connell & Sutherland, 1969). By analysis of ginger oleoresin from 
fresh green ginger, sliced and quickly dried ginger, whole dried ginger and 
oleoresin stored over 18 months from the same batch of ginger, Connell (1969) 
showed the decrease of gingerols and increase of shogaols, both due to drying 
conditions and storage of oleoresin. These progressive storage changes in the
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pungent constituents have been confirmed by the recent quantitative studies 
by Ananthakrishna & Govindarajan (1974). In another analysis of a number of 
oleoresins of varying quality, Connell (1969) demonstrated that high quality 
oleoresin had predominantly gingerol and some shogaol while the oleoresins 
of lower quality showed the reverse proportions of the two constituents. An 
oleoresin considered very poor 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 storage.

Reviewing pungency of synthetic analogous compounds, Dyson (1950) 
concluded that generally 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.

Though no experimental evidence is given it has been stated by Kulka 
(1967) and quoted by Connell (1969) that shogaol is less pungent than gingerol. 
Gingerols and shogaols are essentially pungent compounds and the significance 
of their relative proportion in different gingers and conversion due to 
processing 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 varying gingerols and shogaols 
content objectively estimated and their sensory quality.

Materials and method
Commercially dried whole ginger and sliced and quickly dried ginger were used 
for the preparation of oleoresins in the laboratory by column percolation using 
ethylene dichloride. Along with these oleoresins, samples 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
Quantitative estimation of gingerols and shogaols content was done by the 

TLC-taste testing procedure developed by Ananthakrishna & Govindarajan
(1974).

Gingerols and shogaols were isolated from several preparative TLC plates 
using the 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 by the procedure standardized in our laboratory (Govindarajan,



Pungency o f  gingerols and shogaols and quality 
Table 1. Pungent compounds (%) and pungency (SHU*) of ginger oleoresins

3 3

Pungency (SHU*)
Sample Gingerols Shogaols Estimated Calculated

A t BJ
Sliced, dried fresh 26.8 1.3 25.7 18.0 22.1
Commercial dry ginger, fresh 20.3 4.1 21.3 18.3 21.4
Commercial, old 8.8 12.9 25.4 24.6 25.9
Laboratory dried, fresh 22.2 1.8 17.0 16.0 19.3
Laboratory dried, alkali treated 2.5 15.5 24.6 24.7 25.1

* SHU, Scoville heat units in thousands, 
t  Calculated using pungency values from  Table 2.
t  Calculated using pungency value of shogaol as 1 50 X 103 and gingerol as half of shogaol 

(75 X 103).

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 
avoiding 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 ±o. 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 shogaols.

The isolates of gingerols and shogaols 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 R f  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 twice 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 pungency now found.

Gingerols and shogaols are very well separated by TLC (R f 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 Range
(SHU*)

Mean ±cr 
(SHU*)

Gingerols
Shogaols

54.50 - 
136.00 -

- 63.50
- 160.50

60.57 ±2.43 
150.50 ±8.38

* SHU, Scoville heat units in thousands.

However it has been well established in our earlier paper that there are some 
phenolic compounds having no pungency which occupy adjacent areas on the 
TLC plates and it is likely there is 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 (unpublished observations). These may be the 
homologues with longer side chains (10)—, (1 2 )- reported to have higher 
R f in TLC (Connell & McLachlan, 1972) or the gingediols and gingediacet'ate 
which have recently been reported by the Japanese group (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 
intensity of pungency or have any pungency. However in line with the 
observations on synthetic analogs of capsaicin (Nelson, 1919), and the paradols 
(Locksley, Rainey & Rohan, 1972), it could be expected that highest pungency 
is noted in the dominant natural product, the (6)-gingerol and (6)-shogaol 
and other analogs with shorter and longer side chains have lower 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 2 000, a thirtieth of the dilution for gingerol.

The value of twice the pungency for shogaol than gingerol would explain the 
high pungency obtained for the old sample of ginger oleoresin which analyses 
to lower gingerols and higher shogaols (Table 2). A fresh ginger oleoresin sample 
treated with alkali to convert part of gingerol to shogaol according to Connell 
& Sutherland (1969) showed that with a decrease in total pungent compounds 
and individually a large decrease in gingerol and an increase in shogaol as 
determined by TLC estimation, pungency increased in the treated sample over 
the untreated sample. This confirmed the results obtained with pure gingerols 
and shogaols. While the actual value 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 gingerols to shogaols would remain the same 
(Govindarajan et al., 1977). The sensitivity of the panel used in this study is 
defined as 100 000 SHU for pure piperine.

In view of the difficulties of preparing 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 by calculating the pungency from 
objectively estimated values of gingerols and shogaols (Table 1) using the mean 
threshold values given in Table 2 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 shogaol contents the calculated pungencies agree 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 
values calculated assuming the pungency of gingerol as one half of shogaol 
given in the last column of Table 1 have shown the best agreement between the 
estimated and calculated values. This would indicate that the threshold value 
for shogaols is truer and hence the purity of this component is better than 
gingerols. Thus a more accurate threshold value of the pungent homologues of 
gingerols and shogaols would be 75 X 103 and 150 X 103 respectively. This is 
being checked with further purification and evaluation of individual 
homologues.

In these and related studies we have found that the conversion of gingerols 
to shogaols per se does not have any relation to aroma quality and any 
observation of lowering of flavour quality by Connell should only be coincidal 
and not causative. However in oleoresins where both 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 
substantially but the pungency increases. This sample was however rated poor 
in aroma, possibly more because of loss of desirable ginger aroma attributes by 
oxidative and polymerization reactions affecting the terpenic components than 
degradative formation of zingerone and aldehydes. The decrease in shogaols 
content also does not appear to happen very easily. The conditions under which 
the formation and polymerization of shogaols occur as demonstrated by 
Connell (1969) are rather drastic, 120°C for 12 h, and not likely to be met with 
the normal production or storage conditions. The possibilities of degradative 
conversion of gingerol to zingerone also appears not to be easily occurring 
under normal conditions of processing and reasonable storage, though the 
0-hydroxy ketone group in gingerols is very susceptible.

In view of the higher pungency of shogaols established in this paper and since 
shogaols are found in most of the commercial samples, it is necessary to estimate 
both the pungent gingerols and shogaols in ginger oleoresin samples to validly 
estimate its pungency. Any method which estimates total phenolics or 
gingerols and related compounds alone grossly (Nambudiri et al., 1975) will 
therefore be an unsatisfactory estimate of pungency. Improvements to the 
TLC taste testing method of estimating the two pungent components of ginger 
have been worked and will be published in another communication. This 
improved method is being used in the determination of pungent components 
of gingerols and shogaols in a number of oleoresins to develop a correlation 
and predictive multiple regression.

* f
vTe u c r m n w n f n r i f r r
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D e te rm in a tio n  o f  a m m o n ia  in  d ressed  th o m b a c k  ray  
(R a ja  c lavata  L .) as a  q u a lity  te s t

W. VYNCKE

Summary
The sensory determination of ammonia in raw, steamed and boiled ray wings 
using a scoring system appeared to be a valuable method of quality assessment. 
The borderline of acceptability was reached after 10 (±1) 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.

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

Thornback ray was borderline at a concentration of 60—70 mg 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 (sharks, rays, skates). During 
spoilage, this urea breaks down with formation of ammonia due to the activity 
of bacterial urease (Simidu & Oisi, 1951). The often rapid development of 
ammonia in cartilaginous fish causes problems to the fish trade of countries 
such as Belgium where those species are popular.

In a previous paper (Vyncke, 1970) the 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 O.). This work was 
continued on ray. Thomback ray (Raja clavata L.) which together with the 
common skate (Raja 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.

A uthor’s address: Ministry of Agriculture, Fisheries Research Station, Ankerstraat, 1, 
B-8400 Oostende (Belgium).

0022-1163/78/0200-0037 ?02.00 © 1978 Blackwell Scientific Publications
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Materials and methods
Fish

Thornback rays from the Southern North Sea weighing 2.5 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 
from the tmnk and skinning them. They were washed by dipping them for 
30 sec in tap water.

Laboratory methods
Amm onia : with the accelerated microdiffusion method described previously 

(Vyncke, 1968a).
Urea: with urease according to Conway (1962) but using the modified 

ammonia determination.
pH: measured directly in minced fish with glass electrode.
Redox potential: measured in expressed fish fluid (Vyncke, 1968b) with a 

combined platinum-calomel electrode after 5 min stirring under a stream of 
nitrogen.

a-Amino nitrogen: with 2, 4, 6-trinitrobenzene-1-sulfonic acid according to 
Satake et al. (1960) on a 7.5% trichloracetic acid extract (4 g of fish per 
200 ml).

Total bacterial count: c. 5 g of muscle aseptically cut from the central part 
of five ray wings and blended for 1 min in a sterile Waring blendor beaker after 
addition of a tenfold of sterile water. An appropriate dilution series was made 
and the resulting suspension inoculated on Petri dishes containing Plate Count 
Agar (Difco); incubation time was 72 hr at 20°C.

Differentiation o f  organisms on the basis o f  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) but 
incubating for 1 day at 20°C.

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

5 — not present
4 — just recognizable
3 — slight
2 -  moderate
1 — strong.

The raw fish was allowed to warm up to room temperature before the test.



A m m o n i a  in  t h o r n b a c k  r a y 3 9

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 wings 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 beaker was covered with a watch 
glass. The fish (200 g) was introduced when the liquid was boiling and cooked 
for 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 before 
being iced and stored at 0°C.

At 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.

Besides 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-amino nitrogen was also determined as ammonia can 
also be formed by deamination of amino acids. Ammonia being freed by 
bacterial action, total viable count and urease-producing organisms were 
also assessed.

For the organoleptic tests, the bacteriological analyses 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 reported graphically in Figs 1 
and 2. The range of experimental data is also indicated.

Exposing the fish to a temperature of 15°C for 15 hr markedly changed 
the spoilage pattern as measured by the different subjective and objective 
methods. This treatment decreased shelf life of the rays by 2 to 3 days. Using 
the mentioned grading system for raw and steamed fish the taste panel judged 
the rays to be of acceptable commercial quality up to a score of 3. The panel 
however agreed that in actual commercial practice this score could be 0.5 units 
higher or lower according to consumer acceptance. Score 3 was reached after
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Figure 1. Evolution of organoleptic scores during storage of thornback ray in 
ice • ,  immediately iced ;0 , iced after 15 hr exposure to 15°C; R , raw odour score;
S, steamed odour score.

9 to 11 days (average 10) for the immediately iced fish and after 6 to 8 days 
(average 7) for the 15°C fish.

When comparing the scores of the raw and steamed fish (Fig. 1), the latter 
ones appeared to be higher during 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 higher urea content than the muscle (Simidu, 1961) 
and is readily attacked by bacteria present at the surface of the fish, the 
ammonia thus formed in an early stage of storage is in fact not a good indicator 
of spoilage and can easily be removed by washing; the fish flesh itself is still 
unchanged.

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, when no ammonia is detected on 
the raw rays, the steaming test can be omitted.

After a series of screening experiments it was decided to add a boiling 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 steamed) 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.g. in cases of dispute) a combination of steaming and boiling tests could be 
very useful, the latter indicating either that the borderline of acceptability 
has approached (when negative, the raw and steaming scores being around 3) 
or had been passed (when positive).
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Figure 2. Evolution of (a) ammonia, (b) urea, (c) pH, (d) a-amino nitrogen,
(e) redox potential and (f) to tal bacterial count, during storage of thornback
ray in ice. ----- , Im mediately iced (0°C); — — —, iced after 15 hr exposure to
15°C.

The other organoleptic characteristic appeared to be less valuable with 
skinned ray wings. Other 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 both in the raw and cooked rays but only when 
approaching the limit of acceptability.

When 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 
good relationship between both parameters. A slight odour (score 4—4.5) was 
detected at a concentration of 3 0 -4 0  mg of ammonia—N.

The borderline of acceptability could be set at 60—70 mg which is higher 
than the values noted earlier for dogfish, i.e. 55—60 mg (Vyncke, 1970) and 
also above the limit of 30 mg quoted by James & Olley (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 stronger 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 diverge.

Owing to the development 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 complementary quality assessment 
method. The limit of acceptability could be set between 7.2 and 7.8, values 
superior to 8 indicating definite spoilage.

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 depends upon the rate of formation of new amino acids by 
the breakdown of proteins and peptides, their deamination (and other reactions) 
and leaching by the melting ice. Nevertheless, this test showed the activity of 
the bacterial exopeptidases to be greater than that of the deaminases when 
spoilage was enhanced either by natural causes (growth of bacteria during 
storage in ice) or artificially (temperature influence). This could be assessed 
by the fact that at the end of the storage period, when spoilage was pronounced, 
the content of a-amino nitrogen increased significantly. Moreover, the 15°C 
samples showed a higher value after a few days’ storage. As many amino 
acids show an activating effect on urease by binding heavy metals, thereby 
protecting the urease sulphydrylgroups (Pinter, Tashovski & Karas, 1954), 
the relative increase of a-amino nitrogen probably also furthered urea 
breakdown.

Bacterial activity was clearly reflected by the evolution of the redox potential 
making the medium more reducing with progressing spoilage. Exposing the fish 
to a temperature of 15°C markedly 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 redox potential 
measurements a doubtful objective quality method.

Total bacterial count increased regularly during spoilage. 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 rays have a large amount of very 
viscous mucus on the surface and that contamination of skinned ray wings 
with bacteria from this slime is difficult to avoid. For the same reason the 
total viable count was high at the borderline of acceptability, ranging from 
log 6.5 to 7.8
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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 basis of urease activity 
(in % of to tal count)

Storage time (day) 
Tem perature --------------------------

0 5 7 10 12
o °c 20 25 29 36 44

15°C 20 31 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 significantly during 
spoilage. This was also confirmed by the higher numbers of the 15°C 
experiment, where spoilage was enhanced from the beginning of the storage 
period. The changes in pH and redox potential are at least partially responsible 
for the changes in microbial flora.

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

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 ray. From the other related parameters studied, especially pH 
appeared to be of value. An ammonia content exceeding 60 mg and a pH higher 
than 7.2 should be regarded as indicating rays of suspect quality.
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C hanges in  th e  h e a t  s ta b il ity  o f  m ilk  p ro te in  d u r in g  th e  
m a n u fa c tu re  o f  d ried  sk im -m ilk

D. D. MUIR, J. ABBOT a n d  A. W. M. SWEETSUR

Summary
The effects on the heat stability of milk protein, when heated to 140°C, of 
variations in milk composition and in processing conditions during the manu­
facture of skim-milk powder have been investigated. The heat stability of the 
skim milk powder was largely determined by the stability of the original milk 
and by the severity of the forewarming treatment applied during processing. 
It 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 a minimal forewarming treatment.

Introduction
The advent of sophisticated technology has enabled the modern milk processor 
to tailor the physical properties of dried skim milk to satisfy a wide range of 
consumers (Sanderson, 1977). The factors controlling solubility, dispersibility 
and wettability of powders are also well known and high standards of quality 
are routinely acheived (American Dry Milk Institute, 1971). However, much 
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 beverages, the heat stability of milk protein assumes con­
siderable importance.

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 percentage 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 ?02.00 © 1978 Blackwell Scientific Publications
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denaturation 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 simulate 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 (Muir & Sweetsur, 1976, 1977) 
and in addition that, with the exception of a 6 week period in late May and 
early June, the heat stability of the milk supply to manufacturing creameries 
in south-west Scotland is highly correlated with the urea level (C. Holt, 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 process for milk powder consists of three distinct stages,
(a) 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 40—50% 
total solids by evaporation of water under reduced pressure and, (c) spray 
drying the concentrate to remove all but 3—4% of the remaining water.

In laboratory studies, the forewarming treatment has been shown to influence 
heat stability (Sweetsur & White, 1974) probably as a result of whey protein 
denaturation (Sweetsur, 1976). Therefore in this work, the extremes of fore­
warming treatment likely to occur in commercial practice were simulated by 
two contrasting procedures. The minimum heat treatment required 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 
whey proteins (Davies & White, 1959).

This paper details the changes in heat stability which occurred during the 
manufacture of dried skim-milk in 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 (during December 1975), warmed to approximately 40°C and the 
fat then separated using a continuous-flow centrifugal separator. After cooling 
to around 20°C, urea (Analar Grade) was added to one portion of the milk 
(40 litre) at a level of 0.26 g per litre and another 40 litre sample of the milk 
was used as the control.
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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 holding the milk at 64°C for 30 min and another sample of 
each milk was heated at 85°C for 30 min.

H e a t  s t a b i l i t y  o f  m i l k  p r o t e i n s

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

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 by drying to constant weight in a fan-assisted oven at 102°C.

The urea levels in milk, concentrates and re-dispersed powder were measured 
by the method of Fawcett & Scott (1960) as adapted by Muir & Sweetsur
(1976).

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 (CT)/pH 
profiles were measured by the subjective method of Sweetsur & White (1974). 
The 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 treatment of milk may promote significant dénaturation of the whey 
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

Treatm ent
Casein number*
Control milk Urea-supplemented milk
‘low heat’ ‘high heat’ ‘low heat’ ‘high heat’

Skim-milk 79.2 79.2 78.0 78.0
After pasteurization! 81.3 n.a. 79.4 n.a.
After forewarm ing! n.a. 91.4 n.a. 92.9 §
After spray-drying 80.3 91.2 78.5 89.0

n.a. = not applicable.
* Casein number = percentage 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 indication of the level of dénaturation.

The casein numbers of the skim-milks and powders were determined during 
processing and the results are shown in Table 1. For the ‘low heat’ powders 
the casein number showed little change during processing indicating that only 
slight dénaturation of whey protein occurred during pasteurization and that 
the subsequent operations of concentration and drying 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 
heating at 85°C denatured over 75% of the whey protein. These findings 
parallel those of O’Connor, McKenna & O’Sullivan (1969) 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 o f  forewarming 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, 1961a). Therefore, measurement of CT of milk or re-constituted milk 
at a single pH value may give a misleading impression of overall changes in heat 
stability. Manipulation of 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 
milk and dried milk products’ (Ministry of Agriculture, Fisheries and Food,
1976).
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Figure 1. E ffect o f  p rehea t tre a tm en t and ad d itio n  o f  u rea (0 .2 6  g /litre  m ilk) on  
th e  coagula tion  tim e (C T )/pH  profile  o f m ilk, o , m ilk; • ,  m ilk + urea ; (a), no  p re ­
hea t tre a tm e n t;  (b ), low  p rehea t tre a tm en t (64°C , 30 m in ); (c), h igh p reheat 
tre a tm e n t (85°C , 30  m in).

T h e  C T /p H  p r o f i le s  fo r  t h e  c o n t r o l  a n d  u r e a -s u p p le m e n te d  m ilk s  are s h o w n  
in  F ig . 1 (a ) . T h e  e f f e c t  o f  h ig h  u r e a  c o n c e n tr a t io n  w a s  m a r k e d  o v e r  a w id e  
ra n g e  o f  m ilk  p H  v a lu e s  b u t ,  as r e p o r te d  p r e v io u s ly  (M u ir  &  S w e e ts u r , 1 9 7 6 ,
1 9 7 7 ) ,  u r ea  h a d  le s s  in f lu e n c e  o n  C T  w ith in  th e  ‘m in im u m ’ o f  th e  C T /p H  
p r o f i le  ( 6 . 6 5 < m i l k  p H < 7 .1 0 ) .  N e v e r th e le s s , th e  C T /p H  p r o f i le s  w e r e  
r e p r e s e n ta t iv e  o f  t h e  e x tr e m e s  o f  s e a s o n a l v a r ia t io n  o b s e r v e d  in  H a n n a h  R e se a r c h  
I n s t i tu t e  b u lk  m ilk  o v e r  a  2  y e a r  p e r io d .

H e a t t r e a tm e n t  o f  t h e  sk im -m ilk  fo r  3 0  m in  a t 6 4 ° C  d id  n o t  c a u se  a s ig n if i­
c a n t  c h a n g e  in  t h e  C T /p H  p r o f i le  (F ig .  1 (b ) ) ,  b u t  fo r e w a r m in g  a t 8 5 ° C  f o r  th e  
sa m e t im e  in d u c e d  m a r k e d  d if fe r e n c e s  (F ig . 1 (c ) ) .  T h e  e x t e n t  o f  th e  C T /p H  
‘m in im u m ’ w a s  in c r e a se d  a lt h o u g h  th e  m a x im u m  C T  ( c. m ilk  p H  o f  6 .6 )  w a s  
la r g e ly  u n a f f e c t e d  b y  fo r e w a r m in g . N o tw it h s ta n d in g , th è s e  c h a n g e s  in d u c e d  
b y  h ig h  h e a t  t r e a tm e n t ,  th e  e f f e c t  o f  u r ea  s u p p le m e n ta t io n  o n  th e  g e n e r a l  
le v e l  o f  h e a t  s ta b i l ity  w a s  r e ta in e d .

The irreversible e f fe c t  o f  concen tra tion
C o n c e n tr a t io n  e f f e c t s  a m a r k e d  r e d u c t io n  in  th e  h e a t  s ta b i l ity  o f  s k im -m ilk  

( e .g . H u n z ik e r , 1 9 3 5 ;  R o s e  1 9 6  lb ; S c h m i d t  & K o o p s , 1 9 6 5 )  b u t  it  is  n o t  k n o w n
4
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Figure 2. C oagu lation  tim e (C T )/pH  profiles fo r co n cen tra ted  m ilks, red ilu ted  to  
th e ir  original to ta l solids level, o , m ilk; • ,  m ilk + urea ; (a), low  p reh ea t tre a tm en t 
(64°C , 30 m in); (b), high p rehea t tre a tm en t (85 °C , 30 m in).

i f  th e  e f f e c t  is r e v e r s ib le . F o r  c o m p a r is o n  w ith  th e  s k im -m ilk s , th e  c o n c e n tr a t e s  
in  th is  s tu d y  w e r e  d i lu te d  w ith  d is t i l le d  w a te r  t o  th e  o r ig in a l le v e l  o f  T S  in  th e  
s k im -m ilk s , p r io r  t o  t h e  m e a s u r e m e n t  o f  th e  C T /p H  p r o f i le s .  B y  th is  m e a n s ,  
o n ly  th e  p e r m a n e n t  e f f e c t  o f  c o n c e n tr a t io n  o n  h e a t  s ta b i l ity  w a s  c o n s id e r e d .

T h e  a p p r o p r ia te  C T /p H  p r o f i le s  fo r  th e  d ilu te d  c o n c e n tr a t e s  are s h o w n  in  
F ig . 2 . F o r  th e  lo w  h e a t  tr e a tm e n t ,  th e  C T /p H  p r o f i le  o f  th e  c o n t r o l  m ilk  w a s  
n o t  s ig n if ic a n t ly  a lte r e d  b u t ,  in  th e  c a se  o f  th e  u r e a -s u p p le m e n te d  m ilk  th e  
‘m in im u m ’ in  th e  C T /p H  p r o f i le  w a s  e x t e n d e d  o v e r  a w id e  p H  ra n ge  (F ig . 2 (a ) ) .  
T h is  p h e n o m e n o n  w a s  a c c e n tu a te d  fo r  b o t h  c o n t r o l  a n d  u r e a -s u p p le m e n te d  
m ilk s  w h ic h  h a d  r e c e iv e d  h ig h  h e a t  tr e a tm e n ts  (F ig . 2 ( b ) ) .  F u r th e r m o r e , w ith  
h ig h  h e a t  tr e a tm e n ts  m u c h  o f  th e  d if f e r e n c e  b e t w e e n  th e  h ig h  a n d  lo w  u rea  
le v e ls  h a d  d isa p p e a r e d :  e v e n  a t th e  C T  ‘m a x im u m ’ (p H  6 .6 )  th e  d i f f e r e n c e  in  
C T  w a s  3 .5  m in  c o m p a r e d  t o  1 0 .5  m in  fo r  th e  sa m e  s k im -m ilk s  b e fo r e  
c o n c e n tr a t io n .

It w a s  n o t  p o s s ib le  t o  s im u la te  in  a b a tc h  e v a p o r a to r  th e  c o n d it io n s  p r ev a ilin g  
in  a m o d e r n  m u lt ip le  e f f e c t  e v a p o r a to r  w h e r e  th e  m ilk  te m p e r a tu r e  in  th e  f ir s t  
s ta g e  o f  e v a p o r a t io n  m a y  b e  as h ig h  as 8 0 °  C a n d  th e r e a f te r  fa ll b y  s ta g e s  to  
a r o u n d  4 0 ° C  in  th e  fo u r th  e f f e c t .  H o w e v e r , a d d it io n a l  e x p e r im e n ts  w e r e  ca rr ied  
o u t  w ith  sk im -m ilk  c o n c e n tr a t e  (4 3 %  T S )  fr o m  a c o m m e r c ia l  fo u r - e f f e c t ,  
fa llin g -f ilm  e v a p o r a to r  an d  th e  ir r e v e r s ib le  c h a n g e s  in  th e  C T /p H  p r o f i le s  o f  th e  
m ilk  w e r e  v e r y  s im ila r  t o  t h o s e  s h o w n  in  F ig . 2 ( b ) .

The e ffe c t  o f  spray-drying

T h e  h e a t  s ta b i l ity  o f  th e  sp ra y  d r ied  p o w d e r s  w a s  m e a su r e d  a f te r  r e c o n s t i ­
t u t io n  o f  th e  p o w d e r s  w ith  'd istilled  w a te r  t o  th e  sa m e  T S  c o n c e n t r a t io n s  as 
t h o s e  o f  t h e  o r ig in a l sk im -m ilk s  an d  d i lu te d  c o n c e n tr a t e s .  T h e  C T /p H  p r o f i le s  
are s h o w n  in  F ig . 3 .
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Figure 3. C oagu lation  tim e (C T )/pH  profiles fo r m ilk pow ders, re co n stitu ted  to  
th e ir  original to ta l  solids level, o , m ilk ;« ,  m ilk + u rea ; (a), low  p reh ea t tre a tm en t 
(6 4 ''C , 30 m in); (b ), high p reheat tre a tm en t (8 5 “C, 30 m in).

W h en  th e  m ilk  r e c e iv e d  a lo w  h e a t  tr e a tm e n t  d u r in g  p r o c e s s in g  (F ig . 3 ( a ) ) ,  
n o t  o n ly  w e r e  th e  c h a n g e s  o b s e r v e d  a f te r  c o n c e n t r a t io n  r e v e r se d , b u t  th e  e x t e n t  
o f  th e  C T /p H  m in im a  w e r e  a lso  r e d u c e d  in  c o m p a r is o n  t o  th e  s k im -m ilk s  
fr o m  w h ic h  th e  p o w d e r s  w e r e  m a d e  (F ig . 1 (b ) ) .  A  p a ra lle l e f f e c t  o c c u r r e d  
fo r  th e  h ig h  h e a t  p o w d e r s  (F ig .  3 ( b ) ) ,  fo r  th e  C T /p H  p r o f i le s  w e r e  m o r e  s ta b le  
th a n  th o s e  o f  th e  c o r r e sp o n d in g  c o n c e n tr a t e s  (F ig . 2 ( b ) ) .  H o w e v e r  in  th is  c a se , 
th e  C T /p H  p r o f i le s  w e r e  s lig h t ly  le s s  s ta b le  th a n  fo r  th e  c o r r e s p o n d in g  sk im  
m ilk s  (F ig . 1 (c ) ) .  N e v e r th e le s s ,  fo r  b o t h  m ild  a n d  sev ere  h e a t  t r e a tm e n ts ,  th e  
d if fe r e n c e s  b e t w e e n  lo w  and  h ig h  u r ea  le v e ls  — w h ic h  h a d  b e e n  r e d u c e d  a f te r  
c o n c e n tr a t io n  -  w e r e  r e s to r e d  b y  sp r a y  d r y in g  to  v a lu e s  s im ila r  t o  th o s e  
o b s e r v e d  in  th e  o r ig in a l m ilk s .

S in c e  d u p l ic a t io n  o f  c o n d i t io n s  in  a c o m m e r c ia l  sp ra y  d r y e r  w a s  n o t  fe a s ib le  
in  th e  la b o r a to r y  s iz e  d r y e r , c o n f ir m a to r y  e x p e r im e n ts  w e r e  ca rr ied  o u t  u s in g  a 
p ilo t - s c a le ,  ( e v a p o r a t iv e  c a p a c ity  o f  3 5  k g  w a te r  p e r  h r ) ta i l- fo r m , c o -c u r r e n t  
sp r a y -d r y e r  w ith  p r essu re  a t o m iz a t io n  an d  a ir in le t  te m p e r a tu r e s  t o  1 9 0 ° C .  
U sin g  th is  sp r a y -d r y e r , th e  c h a n g e s  in  h e a t  s ta b i l ity  a f te r  c o n c e n t r a t io n  and  
sp ra y  d r y in g  w ere  in d is t in g u is h a b le  fr o m  th e  r e su lts  o b ta in e d  in  th e  la b o r a to r y -  
s c a le  d r y e r .

D is c u s s io n  a n d  c o n c lu s io n s

T h e  r e su lts  o f  th is  w o r k  d e m o n s tr a te  th a t  th e  h e a t  s ta b i l i ty  c h a r a c te r is t ic s  o f  
a r e c o n s t i t u t e d  sk im -m ilk  p o w d e r  are d e te r m in e d  b y  th e  h e a t  s ta b i l ity  o f  th e  
o r ig in a l m ilk  a n d  b y  th e  n a tu r e  o f  th e  p r o c e s s in g  t r e a tm e n t .  T h e  e f f e c t  o f  th e  
u rea  le v e l  o n  th e  C T /p H  p r o f i le  w a s  m a in ta in e d , a lb e it  t o  v a r y in g  e x t e n t s ,  
th r o u g h o u t  th e  p r o c e s s in g  s e q u e n c e s ,  ir r e s p e c t iv e  o f  th e  t y p e  o f  fo r e w a r m in g  
tr e a tm e n t . C o n s e q u e n t ly ,  i t  is  e x p e c t e d  th a t  s e a s o n a l v a r ia t io n s  in  th e  h e a t  
s ta b i l ity  o f  m ilk , a s s o c ia te d  w ith  n a tu r a l v a r ia t io n s  in  u rea  le v e l ,  w ill  b e  r e f le c te d  
b y  p a ra lle l c h a n g e s  in  th e  h e a t  s ta b i l i ty  o f  r e c o n s t i t u te d  m ilk  p o w d e r .
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T h e  s e v e r ity  o f  th e  fo r e w a r m in g  tr e a tm e n t  o f  m ilk  p r io r  t o  c o n c e n tr a t io n  
h a d  an  e q u a l ly  m a rk e d  e f f e c t  o n  h e a t  s ta b i l ity  a n d  w h e r e  h ig h  h e a t  tr e a tm e n ts  
w e r e  u se d  su b s ta n t ia l  lo s s e s  in  h e a t  s ta b i l ity  w e r e  r e c o r d e d .

It w a s  a lso  n o t e d  t h a t ,  a lth o u g h  th e  h e a t  s ta b i l ity  c h a r a c te r is t ic s  o f  s k im -m ilk  
p o w d e r  r e s e m b le  t h o s e  o f  th e  c o r r e sp o n d in g  su b str a te , c o n c e n tr a t io n  a n d  sp ra y  
d r y in g  h a d  o p p o s i t e  a n d  a p p r o x im a te ly  e q u a l e f f e c t s  o n  th e  C T /p H  p r o f ile s .  
F u r th e r  in v e s t ig a t io n s  o f  th e s e  e f f e c t s  are u n d e r  w a y  s in c e  th e r e  a p p ea rs  to  b e  
p o t e n t ia l  fo r  im p r o v e m e n t  o f  h e a t  s ta b i l ity  o f  m ilk  p o w d e r  b y  in c r e a s in g  th e  
b e n e f i t s  c o n v e y e d  b y  s p r a y -d r y in g  a t th e  e x p e n s e  o f  th e  d e le t e r io u s  e f f e c t s  o f  
c o n c e n tr a t io n .

F r o m  th e  re su lts  o f  th is  p a p er , sev era l c r ite r ia  a p p e a r  to  b e  im p o r ta n t  fo r  
o p t im iz a t io n  o f  t h e  h e a t  s ta b i l ity  o f  r e c o n s t it u te d  sk im -m ilk  p o w d e r .

F ir s t ,  th e  n a tu ra l s ta b i l ity  o f  th e  s k im -m ilk  fr o m  w h ic h  th e  p o w d e r  is t o  b e  
m a d e  m u s t  b e  s a t is fa c to r y , fo r  in h e r e n t  in s ta b i l ity  o f  th e  s ta r tin g  m ilk  w ill b e  
r e f le c te d  in  th e  p r o p e r t ie s  o f  th e  p o w d e r . N a tu r a l in s ta b i l ity  ( n o t  a s so c ia te d  
w it h  b a c te r ia l d e g r a d a tio n  o f  m ilk  p r o t e in )  is m o s t  l ik e ly  t o  o c c u r  in  th e  
w in te r  p e r io d  w h e n  th e  m ilk  u r ea  le v e ls  are lo w  (M u ir  & S w e e ts u r , 1 9 7 6 )  and  
fo r  s h o r t  p e r io d s  in  la te  M ay  an d  e a r ly  J u n e  w h e n  o th e r  c o m p o s i t io n a l  c h a n g e s  
in  th e  m ilk  o c c u r  ( H o l t ,  M u ir & S w e e ts u r , in  p r e p a r a t io n ) . A lth o u g h  s u p ­
p le m e n ta t io n  o f  th e  n a tu r a l u rea  le v e l  m a y  o v e r c o m e  n a tu r a l in s ta b i l ity  a s so c ia te d  
w ith  w in te r  m ilk  s u c h  a d d it io n  is n o t  p e r m it te d  u n d e r  c u r r e n t fo o d  le g is la t io n .

T h e  s e c o n d  c r ite r io n  t o  a c h ie v e  h ig h  le v e ls  o f  h e a t  s ta b i l ity  is  t o  l im it  th e  
s e v e r ity  o f  h e a t  tr e a tm e n t  o f  th e  m ilk . T h is  r e q u ir e m e n t  m u s t , h o w e v e r ,  b e  
b a la n c e d  a g a in st th e  n e e d  t o  m a in ta in  lo w  le v e ls  o f  b a c te r ia l c o n t a m in a t io n  
in  th e  f in a l p o w d e r .

F in a lly ,  th e  p H  o f  th e  m ilk  p o w d e r  o n  r e c o n s t i t u t io n  to  th e  o r ig in a l le v e l  
o f  T S  s h o u ld  b e  o u t s id e  th e  C T /p H  ‘m in im u m ’ fo r , i f  th is  c o n d it io n  is  n o t  
fu lf i l le d ,  th e  p o te n t ia l  h e a t  s ta b i l i ty  o f  th e  m ilk  m a y  n o t  b e  r e a liz e d . F o r  
e x a m p le ,  a s h if t  in  m ilk  pH  o f  0 .1  u n its  m a y  le a d  to  a f iv e - fo ld  d e c r e a se  in  
h e a t  s ta b i l ity  (F ig . 3 ) .  F u r th e r  in v e s t ig a t io n  w ill  b e  req u ired  t o  e s ta b lish  h o w  
th e  u se  o f  c u r r e n t ly  p e r m it te d  a d d it iv e s  m a y  r e g u la te  m ilk  p H .
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A model system for the formation of N-nitrosopyrrolidine 
in grilled or fried bacon

M . H . C O L E M A N

S u m m a r y

A  s im p le  m o d e l  s y s t e m  h a s b e e n  d e v e lo p e d  w h ic h  m im ic s  t h e  f o r m a t io n  o f  
th e  p r in c ip a l n itr o s a m in e , N -n itr o s o p y r r o l id in e ,  in  g r illed  o r  fr ied  b a c o n . T h e  
y ie ld  o f  th e  n itr o s a m in e  in  th e  m o d e l  s y s t e m  m a y  b e  e s t im a te d  b y  a s im p le  
G C  m e th o d . T h is  h a s  p e r m it te d  th e  ra p id  sc r e e n in g  o f  a v a r ie ty  o f  c o m p o u n d s  
w h ic h  m a y  in f lu e n c e  n itr o s a m in e  in  b a c o n . T h e  a n t io x id a n t  e t h o x y q u in  
in h ib it s  n itr o s a m in e  fo r m a t io n  in  th e  m o d e l  s y s te m .

I n tr o d u c t io n

T h e  p r e s e n t  w o r k  d e sc r ib e s  th e  d e v e lo p m e n t  o f  a s im p le  m o d e l  s y s t e m , d e s ig n e d  
t o  m im ic  t h e  fo r m a t io n  o f  t h e  p r in c ip a l v o la t i le  n itr o s a m in e  N -n itr o s o p y r r o l id in e  
( N N P ) , fo u n d  in  b a c o n  s u b je c te d  t o  h ig h - te m p e r a tu r e  c o o k in g , i .e .  g r illin g  o r  
fr y in g .

In p r e lim in a r y  e x p e r im e n ts  w ith  b a c o n , th e  fo r m a t io n  o f  N N P  w a s  s h o w n  
t o  b e  v ir tu a lly  c o n f in e d  t o  th e  f a t t y  t is s u e , in  a g r e e m e n t  w it h  th e  o b s e r v a t io n  
o f  F id d le r  e t al. ( 1 9 7 4 ) .  In  c o n f ir m a t io n  o f  th e  s u g g e s t io n  o f  S c a n la n  ( 1 9 7 5 )  
i t  w a s  s h o w n  th a t  th e  f a t ty  t is su e  r e a c h e d  m u c h  h ig h e r  te m p e r a tu r e s  d u r in g  
g r illin g , th a n  th e  le a n . It w a s  a lso  fo u n d  th a t  N N P  w a s  fo r m e d  w h e n  th e  fa t ,  
(r e n d e r e d  fr o m  b a c o n  a t a lo w  te m p e r a tu r e ) ,  w a s  h e a te d  a lo n e , a t 1 7 0 ° C ;  
w h e r e a s  w h e n  r e n d e r e d  p o r k  fa t  w a s  so  h e a t e d , n o  N N P  fo r m a t io n  o c c u r r e d ,  
b u t  th e  p y r r o lid in e  c o n t e n t  w a s  g r e a t ly  in c r e a se d . T h e  a m o u n t  o f  p y r r o lid in e  
fo u n d  in  h e a t e d  p o r k  fa t  w a s  m o r e  th a n  s u f f ic ie n t  t o  a c c o u n t  fo r  th e  N N P  
fo u n d  in  c o o k e d  b a c o n .

T h e s e  e x p e r im e n ts  s u g g e s t  th a t  p y r r o lid in e  m a y  b e  an  in te r m e d ia te  in  th e  
fo r m a t io n  o f  N N P  in  c o o k e d  b a c o n , b u t  is  n o t  th e  in it ia l  p r e c u r so r . F u r th e r  
in vitro  e x p e r im e n ts  s h o w e d  th a t  N N P  w a s  r e a d ily  fo r m e d  w h e n  p y r r o lid in e  
w a s  h e a te d  w ith  n itr i te ;  an d  o f  th e  p o s s ib le  p r e c u r so r s  o f  p y r r o l id in e , l ik e ly  
t o  b e  p r e s e n t  in  b a c o n , p r o l in e  g a v e  t h e  h ig h e s t  y ie ld  o f  p y r r o l id in e  w h e n
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h e a t e d  a t h ig h  te m p e r a tu r e s . S u b s e q u e n t  e x p e r im e n ts  o n  th e  a d d it io n  o f  p r o lin e  
t o  b a c o n  e s ta b l is h e d  a lin e a r  r e la t io n s h ip  b e t w e e n  th e  le v e l o f  fr e e  p r o lin e  
p r e s e n t  a t c o o k in g , w ith  th e  le v e l  o f  N N P  fo u n d  in  th e  c o o k - o u t  fa t.

V a r io u s  t e c h n iq u e s  h a v e  b e e n  e m p lo y e d  fo r  th e  e s t im a t io n  o f  v o la t i le  
n itr o s a m in e s  in  c o o k e d  c u r e d  m e a ts , in c lu d in g  i.r . an d  u .v . s p e c tr o s c o p y  
( E n d e r e f  a / . ,  1 9 6 4 ) ;  T L C , S a k sh a n g  et al. , 1 9 6 5 ;  T L C  an d  G C , S e n  e t al. , 1 9 6 9  
a n d  D u P le s is ,  N u n n  & R o a c h , 1 9 6 9 ) ,  an d  G C  w ith  sp e c ia l d e te c to r s  (H o w a r d ,  
F a z io  &  W a tts , 1 9 7 0 ;  S e n , 1 9 7 0 ;  A lth o r p e  et a l ,  1 9 7 0 ;  F id d le r  et al., 1 9 7 1 ) :  
b u t  t h e  c o m b in a t io n  o f  G C  w ith  h ig h -r e s o lu t io n  m a s s -s p e c tr o m e tr y  (T e ll in g , 
B r y c e  & A lth o r p e , 1 9 7 1 ;  F a z io  e t al., 1 9 7 1 )  w o u ld  se e m  to  b e  th e  m e th o d  o f  
c h o ic e  fo r  th e  u n a m b ig u o u s  q u a n t ita t iv e  e s t im a t io n  o f  v o la t i le  n itr o s a m in e s .  
H o w e v e r  th e  G C -M S p r o c e d u r e  is  c o s t ly  an d  t im e -c o n s u m in g  in  e x e c u t io n .  
It c o u ld  o b v io u s ly  b e  a d v a n ta g e o u s  i f  a s im p le  m o d e l  s y s t e m  c o u ld  b e  d e v is e d  
t o  m im ic  th e  fo r m a t io n  o f  N N P  in  c o o k e d  b a c o n , w h ic h  w o u ld  a v o id  b o t h  th e  
c o m p le x  c le a n -u p  p r o c e d u r e  an d  th e  t im e -c o n s u m in g  G C -M S , as w e ll  as th e  
v a r ia b il ity  o f  r e su lts  a s s o c ia te d  w it h  th e  a n a ly s is  o f  m e a t  sa m p le s .

T h e  p r e lim in a r y  e x p e r im e n ts  o n  b a c o n  in d ic a te d  th a t  p r o lin e  w a s  th e  l ik e ly  
p r e c u r so r  o f  N N P , a n d  p y r r o lid in e  a p o s s ib le  in te r m e d ia te  in  i t s  fo r m a t io n .  
H o w e v e r  n o  p y r r o lid in e  c o u ld  b e  d e t e c t e d  w h e n  p r o lin e  w a s  h e a t e d  a t 1 7 0 ° C  
in  a q u e o u s  s o lu t io n ;  a lth o u g h  s ig n if ic a n t  a m o u n ts  w e r e  fo r m e d  w h e n  it  w a s  
h e a te d  in  an  in e r t  s o lv e n t  s u c h  as te tr a lin , o r  th e  m o r e  p o la r  s o lv e n t ,  m e th a n o l.  
A s s o d iu m  n itr ite  is  a p p r e c ia b ly  s o lu b le  in  m e th a n o l ,  i t  w a s  fo u n d  th a t  a 
h o m o g e n e o u s  r e a c t io n  m ix t u r e  y ie ld in g  N N P  in  s u f f ic ie n t  a m o u n ts  t o  b e  
e s t im a te d  b y  G C  a lo n e , c o u ld  b e  p r ep a red  b y  h e a t in g  a m e th a n o l ic  s o lu t io n  o f  
p r o lin e  an d  s o d iu m  n itr i te  a t 1 7 0 ° C  in  a s e a le d  tu b e . T h is  h a s  p r o v id e d  th e  
m o d e l  s y s t e m  in  w h ic h  th e  e f f e c t s  o f  v a r io u s  a d d it iv e s  o n  th e  fo r m a t io n  o f  
N N P  h a v e  b e e n  s tu d ie d .

T h u s  th e  e f f e c t s  o f  h a lid e  an d  t h io c y a n a t e  io n s ,  w h ic h  h a v e  b e e n  r e p o r te d  as 
c a ta ly s in g  th e  f o r m a t io n  o f  n itr o s a m in e s  (R id d , 1 9 6 1 ;  B o y la n d , N ic e  & 
W illia m s, 1 9 7 1 ) ;  an d  a ls o  th e  s im ila r  e f f e c t s  o f  p h e n o l ic  c o m p o u n d s  (C h a llis  &  
B a r t le t t ,  1 9 7 5 )  h a v e  b e e n  t e s te d .

T h e  e f f e c t s  o f  a sc o r b ic  a c id  (M irv ish  et al., 1 9 7 2 )  and  o th e r  a n t io x id a n ts  
(S e n  et al., 1 9 7 4 ) ,  w h ic h  h a v e  b e e n  r e p o r te d  t o  in h ib it  n itr o s a m in e  fo r m a t io n ,  
h a v e  a lso  b e e n  e x a m in e d . In  th is  s y s t e m  th e  a n t io x id a n t  e t h o x y q u in  h a s  b e e n  
fo u n d  t o  r e d u c e  th e  fo r m a t io n  o f  N N P  s u b s t a n t ia l ly ,  (a n d  i t s  e f f e c t  is e v e n  
m o r e  m a r k e d  in  b a c o n  i t s e l f ) .  E a c h  o f  th e  e x p e r im e n ts  r e p o r te d  h e r e  h a s  b e e n  
p e r fo r m e d  sev era l t im e s ,  an d  th e  sa m e  r e su lts  h a v e  b e e n  o b ta in e d  in  e a c h  ca se .

M a ter ia ls  a n d  m e th o d s
B a c o n  u s e d  in  th e s e  e x p e r im e n ts  w a s  e ith e r  n o r m a l c o m m e r c ia l  b a c k  b a c o n , o r  
s im ila r  m a te r ia l p r ep a red  in  th e  la b o r a to r y  b y  an  in -p a c k  c u r in g  p r o c e d u r e  
(C o le m a n , H a n n a n  & O s b o r n e , 1 9 7 4 )  u s in g  sa lt  a n d  s o d iu m  n itr ite  o n ly ,  t o  f in a l  
le v e ls  o f  5% w / w  a n d  2 0 0  p p m  r e s p e c t iv e ly .

R e a g e n ts  u s e d  w e r e  o f  a n a ly t ic a l  g ra d e , o r  o f  th e  p u r e s t  g ra d e  c o m m e r c ia l ly  
a v a ila b le .



N - n i t r o s o p y r r o l i d i n e  i n  b a c o n 5 7
N itr o s o p r o lin e  w a s  p r ep a red  e s s e n t ia l ly  b y  th e  m e t h o d  o f  L ij in s k y , K e e fe r  &  

L o o  ( 1 9 7 0 )  e x c e p t  th a t  th e  in it ia l  p r o d u c t  w a s  e x tr a c te d  fr o m  t h e  r e a c t io n  
m ix t u r e  w ith  e t h y l  a c e ta te  w h ic h , a f te r  d r y in g  o v e r  a n h y d r o u s  s o d iu m  s u lp h a te , 
w a s r e m o v e d  u n d e r  r e d u c e d  p ressu re .

B a c o n  w a s  c o o k e d  b y  g r illin g  in  a ‘B a b y  B e ll in g ’ e le c tr ic  c o o k e r ,*  a t a p p r o x i­
m a te ly  7 0  m m  fr o m  t h e  grill e le m e n t ,  o p e r a t in g  a t i t s  m a x im u m  s e t t in g . T h e  
ra sh ers w e r e  h e ld  f la t  d u r in g  c o o k in g  b y  b e in g  c l ip p e d  b e t w e e n  th e  t w o  h a lv e s  
o f  a s p e c ia l ly  m a d e  g r id , c e n tr a l ly  lo c a t e d  in  a g r ill-p a n  w h ic h  f i l le d  t h e  in s id e  
o f  th e  o v e n  s p a c e . R a sh e r s  w e r e  g r illed  fo r  4  m in  o n  o n e  s id e  fo l lo w e d  
im m e d ia te ly  b y  2  m in  o n  th e  o th e r ;  t h e  r e s u lt in g  b a c o n  b e in g  m o d e r a t e ly  w e ll-  
c o o k e d ,  t h e  fa t  s l ig h t ly  cr isp , b u t  t h e  le a n  s t i l l  s u c c u le n t .  T o  f o l lo w  th e  
te m p e r a tu r e s  a t ta in e d  d u r in g  g r illin g , 3 0 -g a u g e  c o p p e r -c o n s ta n ta n  t h e r m o ­
c o u p le s  w e r e  in s e r te d  in t o  th e  ra sh er  a t v a r io u s  p o in t s  in  b o t h  th e  le a n  a n d  
a d ip o s e  t is s u e s . T e m p e r a tu r e  m e a s u r e m e n ts  w e r e  m a d e  a t a p p r o x im a te ly
1 0 -se c  in te r v a ls , u s in g  a ‘C o m a r k ’ t h e r m o c o u p le  m e te r  ( t y p e  1 6 0 c ) .  B o t h  
th e  c o o k e d  ra sh er , a n d  th e  c o o k - o u t  fa t ,  w h ic h  c o l le c t e d  in  th e  g r ill-p a n , w e r e  
a n a ly se d  fo r  n itr o s a m in e s  b y  th e  m e t h o d  o f  T e ll in g  e t al. ( 1 9 7 1 )  u s in g  th e  
G C -M S p r o c e d u r e .

T o  p r ep a re  r e n d e r e d  p o r k  o r  b a c o n  fa t , th e  t is s u e  w a s  m a c e r a te d  in  a b e a k e r ,  
w a r m e d  g e n t ly  o n  a s te a m -b a th , a n d  th e  fa t  r e le a se d  f i lt e r e d  th r o u g h  g la s s -w o o l.  
P y r r o lid in e  w a s  e s t im a te d  b y  g a s -c h r o m a to g r a p h y  o n  an  1 8  f t  c o lu m n  c o n ta in in g  
1 0 % w /w  o f  ‘C a r b o w a x  2 0 M ’ w ith  5% w / w  o f  p o ta s s iu m  h y d r o x id e  as a 
s ta t io n a r y  p h a se , o n  8 0 —1 0 0  m e s h  a c id -w a s h e d  C e lite  as s u p p o r t . T h e  c o lu m n  
w a s  ru n  is o th e r m a lly  a t 6 3 ° C , a n d  th e  i d e n t i t y  o f  t h e  p y r r o lid in e  c o n f ir m e d  b y  
m a ss -s p e c tr o m e  tr y .

F o r  e x p e r im e n ts  w i t h  t h e  m o d e l  s y s t e m  a r e a c t io n  m ix t u r e  c o n t a in in g  
8 0 0  p p m  o f  p r o l in e  a n d  2 0 0  p p m  o f  s o d iu m  n itr i te  in  m e th a n o l  w a s  n o r m a lly  
u se d . In  s o m e  e x p e r im e n ts  th e  r e a c t io n  m ix t u r e s  w e r e  h e a te d  in  s e a le d  tu b e s  
m a d e  fr o m  1 0  m m  d ia m e te r  tu b in g , c o n t a in in g  3 —4  m l, a n d  h e a te d  in  a n  o i l  
b a th  fo r  an  h o u r  a f te r  r e a c h in g  1 7 0 ° C . In  o th e r  e x p e r im e n ts  m u c h  sm a lle r  
v o lu m e s  o f  th e  r e a c t io n  m ix t u r e s  w e r e  s e a le d  in  m .p . tu b e s ,  a n d  d r o p p e d  in t o  
t h e  o i l  b a th  a t 1 7 0 ° C  fo r  th e  r e q u ir e d  le n g th  o f  t im e . F r o m  s u c h  r e a c t io n  
m ix t u r e s ,  th e  N N P  y ie ld s  w e r e  m e a su r e d  b y  g a s -c h r o m a to g r a p h y  b y  a p p ly in g  
5 p i  a l iq u o t s  t o  a 5 f t  p o ly t h e n e  g ly c o l  c o lu m n  in  a P y e  1 0 4  c h r o m a to g r a p h  
f i t t e d  w i t h  a F I D  d e t e c t o r ,  r u n n in g  i s o th e r m a lly  a t 1 7 5 ° C .

N itr i t e  w a s  e s t im a te d  b y  a m e t h o d  d e v e lo p e d  fr o m  th a t  o f  S h in  ( 1 9 4 1 ) .

R e s u lts
P relim inary exp e rim en ts  w ith  bacon

T em peratures a tta in ed  during  grilling. F ig u r e  1 i l lu s tr a te s  te m p e r a tu r e s  
a c h ie v e d  d u r in g  g r illin g : i t  w ill  b e  s e e n  th a t  t h e  le a n  h a r d ly  e x c e e d s  1 0 0 ° C ,  
w h ils t  t h e  fa t  a p p r o a c h e s  2 0 0 °  C a t t h e  e n d  o f  th e  c o o k in g  p e r io d .

* Belling & Co. S o u th b u ry  R d, E nfield , M iddlesex.
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Figure 1. T em peratu res a tta in ed  during grilling o f bacon rashers: o, lean; X, fat.

D istrib u tion  o f  nitrosam ines. N o  N N P  c o u ld  b e  d e te c te d  in  ra w  c o m m e r c ia l  
b a c o n  w h e n  a n a ly se d  b y  t h e  G C -M S m e t h o d ;  a n d  n o  v o la t i le  n itr o s a m in e s  
c o u ld  b e  d e te c te d  in  b o i le d  h a m . B o th  D M N  a n d  N N P  c o u ld  b e  d e t e c t e d  in  
g r illed  o r  fr ied  b a c o n . In v ie w  o f  th e  d i f f e r e n c e  in  te m p e r a tu r e  a c h ie v e d  b y  
th e  le a n  a n d  fa t  d u r in g  c o o k in g ,  th e  d is t r ib u t io n  o f  n itr o s a m in e s  b e t w e e n  
th e  le a n  a n d  fa t  w a s  in v e s t ig a te d  in  s o m e  1 6 0 0 g  o f  la b o r a to r y -c u r e d  b a c o n ,  
h a v in g  a n itr i te  c o n t e n t  o f  2 0 7  p p m  im m e d ia te ly  b e f o r e  c o o k in g . T h is  m a te r ia l  
w a s  d iv id e d  in t o  t w o  e q u a l p o r t io n s ,  o n e  o f  w h ic h  w a s  c o o k e d  as in ta c t  rash ers;  
th e  o th e r  b e in g  d is s e c te d  in t o  le a n  a n d  fa t , a n d  th e  t w o  t is su e s  th e n  b e in g  
c o o k e d  se p a r a te ly .

T a b le  1 g iv e s  th e  r e s u lts  o f  th is  e x p e r im e n t .

Table 1. D istribu tion  o f n itrosam ines be tw een  lean and fat o f  cooked bacon

Row Bacon Bacon F rac tio n  weights (g) N itrosam ines (p pb )
cooked as frac tion Raw C ooked DMN NNP

(a) Lean and Lean 410 228 3.4 0.3
(b) fat separately F at 276 53 8.4 74.3
(c) C ook-ou t fat 169 8.3 22.7
( a ) + (b) T otals 686 281 4.3 14.2
(d) In tac t rashers R asher 658 326 3.8 10.4
(e) C o ok-ou t fat 131 9.9 21.6

C om pare (a) + (b ) w ith  (d ); and (c) w ith  (e).
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Organic precursors o f  N -n itrosopyrrolid ine. A  1 5 0  g  sa m p le  o f  r e n d e r e d  p o r k  
fa t  w a s  h e a t e d  a t 1 7 0 ° C  fo r  1 .5  h r , in  a  s lo w  s tr e a m  o f  n itr o g e n , w h ic h  w a s  
s u b s e q u e n t ly  p a sse d  th r o u g h  7  m l o f  M HC1 in  a  P e t t e n k o f e r  tu b e . T h e  fa t  w a s  
t h e n  c o o le d ,  a n d  e x tr a c te d  t w ic e  w it h  1 0 0  m l p o r t io n s  o f  m HC1, th e  e x tr a c t  
e v a p o r a te d  t o  d r y n e s s  u n d e r  r e d u c e d  p r e ssu r e , an d  2  m l o f  e th e r  a d d e d  t o  th e  
r e s id u e . T h e  fr e e  b a s e  w a s  l ib e r a te d  w it h  20%  w /v  N a O H , a n d  d r ied  o v e r  s o d iu m  
s u lp h a te . A  1 0  p i  a l iq u o t  w a s  e x a m in e d  fo r  p y r r o l id in e  b y  g a s -c h r o m a to g r a p h y . 
T h e  HC1 fr o m  t h e  P e t t e n k o f e r  tu b e  w a s  s im ila r ly  e x a m in e d .

O th e r  s a m p le s  o f  p o r k  fa t ,  b o t h  h e a te d  an d  u n h e a te d  w e r e  s im ila r ly  e x a m in e d ,  
an d  th e  r e su lts  are g iv e n  in  T a b le  2 .

T w o  1 2 5  g  s a m p le s  o f  r e n d e r e d  b a c o n  fa t  fr o m  th e  sa m e  b a tc h  o f  la b o r a to r y -  
cu red  b a c o n  w e r e  h e a t e d , u n d e r  r e f lu x , w it h  s tirr in g  fo r  1 0  m in  a f te r  r e a c h in g  
1 7 0 ° C . T o  o n e  o f  th e  s a m p le s  0 .1  g  o f  p r o lin e  d is s o lv e d  in  0 .5  m l o f  w a te r , w a s

Table 2. The py rro lid in e  co n ten t o f heated  and un h ea ted  pork  
fat

P ork  sam ple
P yrro lid ine  (p pb )
U nheated H eated

F at V olatiles T o ta l

A 37 __ __ _
B i l l — — —
C 148 630 445 1075
D — 370 104 474
E — 185 222 407
F — 148 74 222
Mean 98.7 544 .5

Table 3. E ffect o f added p ro line on  n itrosam in e yields

E xpt.
no.

Pork
sam ple

N itrite  
added (ppm )

Proline 
added  (ppm )

N itrosam ines (p pb ) 
R endered  fats
DMN NNP

1 A 200 _____ 0.2 0.2
A 200 800* 1.0 2 550

2(a) B 200 — 9.0 0.3
B 200 3 3 3 f 16.6 17.7

2(b) C 200 — 13.6 4.5
C 200 3 3 3 f 13.2 62 .0

A dded M easured A dded M easured C ook-ou t fa ts
3 D 800  298 — 82 2.7 17.5

D 800  292 2 0 0 f 168 2.9 62 .0
D 800 285 4 0 0 f 332 2.9 135.5

* A dded  to  rendered  fa t. f  A dded  to  curing brine.
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a d d e d  b e fo r e  h e a t in g  c o m m e n c e d . T h e  fa t  w a s  th e n  c o o le d  a n d  a n a ly se d  fo r  
n itr o s a m in e s  b y  th e  G C -M S m e t h o d .  In  a s e c o n d  e x p e r im e n t ,  p r o lin e  w a s  a d d e d  
t o  th e  cu r in g  b r in e  o f  h a l f  th e  p a c k s  o f  a s a m p le  o f  la b o r a to r y -c u r e d  b a c o n ,  
b e f o r e  r e n d e r in g  a n d  h e a t in g  th e  fa t  as b e fo r e .  T h is  w a s  r e p e a te d  o n  a s e c o n d  
s a m p le  o f  b a c o n , a n d  th e  r e su lts  o f  th e s e  e x p e r im e n ts  are g iv e n  in  T a b le  3 . A  
th ir d  e x p e r im e n t  w a s  p e r fo r m e d  in  w h ic h  a b a tc h  o f  la b o r a to r y -c u r e d  b a c o n  
w a s  d iv id e d  in t o  th r e e  p o r t io n s ,  a n d  p r o lin e  w a s  a d d e d  a t th e  e q u iv a le n t  o f  2 0 0  
a n d  4 0 0  p p m  t o  t w o  o f  th e m . A ll  th r e e  p o r t io n s  o f  b a c o n  w e r e  s u b s e q u e n t ly  
c o o k e d ,  a n d  t h e  c o o k - o u t  fa ts  a n a ly se d  fo r  n itr o s a m in e s  b y  th e  G C -M S  
p r o c e d u r e . F o r  th is  th ir d  e x p e r im e n t  t h e  n itr i te  w a s  in c r e a s e d  t o  8 0 0  p p m  a d d e d ,  
so  th a t  i t  s h o u ld  n o t  b e  l im it in g  t o  th e  y ie ld  o f  n itr o s a m in e s . B o th  th e  n itr ite  
(S h in , 1 9 4 1 )  a n d  th e  p r o lin e  c o n t e n t s  (C h in a r d , 1 9 5 2 )  w e r e  m e a su r e d  in  th e  
b a c o n , im m e d ia te ly  b e fo r e  c o o k in g .  T h e  r e su lts  are a lso  g iv e n  in  T a b le  3 .

Presence o f  precursors in p o rk  fa t.  T h e  p o la r  fr a c t io n  w a s  o b ta in e d  b y  
e x tr a c t in g  a s o lu t io n  o f  1 0 0  g  o f  r en d e r e d  p o r k  fa t  in  3 0 0  m l o f  p e tr o le u m  
e th e r  w ith  th r e e  p o r t io n s  o f  95%  m e th a n o l,  sa tu r a te d  w ith  p e tr o le u m  e th e r  
( N ic h o ls ,  1 9 6 4 ) .  T h e  c o m b in e d  m e t h a n o l ic  e x tr a c ts  w e r e  w a s h e d  th r e e  t im e s  
w ith  p e tr o le u m  e th e r  (s a tu r a te d  w ith  95%  m e th a n o l) ,  a n d  e v a p o r a te d  t o  
d r y n e s s . T h e  r e s id u e  w a s  r e f lu x e d  fo r  2 .5  hr w ith  e th a n o l ic  HC1, a n d  th e  h y d r o ­
ly s a t e  a n a ly se d  fo r  a m in o -a c id s . T a b le  4  g iv e s  th e  m % o f  p o s s ib le  p r e c u r so r s  o f  
p y r r o lid in e .

D eve lo p m en t o f  th e  m o d e l sy s tem

Y ield  o f  p yrro lid in e  fr o m  precursors. T o  c o m p a r e  y ie ld s ,  0 .1  g  s a m p le s  
o f  th e  v a r io u s  a m in o  a c id s  w e r e  h e a te d  in  2 0  m l p o r t io n s  o f  te tr a lin  (C h a te lu s ,
1 9 6 4 )  fo r  1 h r  a t 1 7 0 ° C . A f te r  c o o l in g ,  th e  m ix t u r e s  w e r e  e x tr a c te d  w ith  2 0  m l  
p o r t io n s  o f  m  HC1, a n d  th e  e x tr a c t s  w a sh e d  sev era l t im e s  w ith  e th e r . T h e  w a sh e d  
e x tr a c t s  w e r e  e v a p o r a te d  t o  d r y n e s s  u n d e r  r e d u c e d  p r e ssu r e , 10  m l p o r t io n s  o f  
e th e r  a d d e d , a n d  t h e  s o lu t io n s  m a d e  a lk a lin e  w i t h  20%  N a O H . A f te r  d r y in g  
o v e r  s o d iu m  s u lp h a te , th e  s o lu t io n s  w e r e  a n a ly se d  fo r  p y r r o lid in e  b y  gas- 
c h r o m a to g r a p h y . T a b le  5 g iv e s  th e  y ie ld s .

Table 4. P yrro lid ine p recursors in pork  
polar lipids

A m ino acids Mole (%)

O rnith ine T race
H ydrox ypro lin e 0.7
C itru lline 0.7
Arginine 7.4
Proline 2.1
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Table 5. Pyrro lid ine y ields from  
various precurso rs  a f te r  heating  in  
te tra lin

Precursor 
(1 00  mg)

P yrro lid ine
(Pg)

O rn ith ine 2
H ydroxy pro lin e 7
C itru lline 18
Arginine 18
Proline 9722

In  a d d it io n  t o  p y r r o l id in e ,  p y r r o lin e  is  a lso  fo r m e d . T h u s  in  a n o th e r  
e x p e r im e n t  w h e n  1 0 0  m g  o f  p r o l in e  w a s  h e a t e d  in  2 0  m l o f  te tr a lin  fo r  1 h r  a t 
1 7 0 ° C , 8 .4  m g  o f  p y r r o lid in e  w a s  o b ta in e d , a n d  0 .8  m g  o f  p y r r o lin e .

W h en  p r o lin e  w a s  h e a te d  in  w a te r  a t 1 7 0 ° C  fo r  1 h r , in  a s e a le d  tu b e ,  n o  
p y r r o lid in e  w a s  d e t e c t e d .  B u t  w h e n  p r o lin e  w a s  h e a te d  in  m ix t u r e s  o f  te tr a lin  
a n d  m e th a n o l ,  o r  in  p u r e  m e t h a n o l ,  p y r r o l id in e  w a s  fo u n d  in  s ig n if ic a n t  a m o u n ts  
( s e e  T a b le  6 ) :  o n ly  in  m ix t u r e s  c o n ta in in g  m e t h a n o l  w a s  th e  p r o lin e  in  s o lu t io n .

F orm ation  o f  N -n itroso pyrro lid ine  in a m o d e l system . A  se r ie s  o f  r e a c t io n  
m ix tu r e s  w e r e  p r e p a r e d  in  m e th a n o l  c o n ta in in g  8 0 0  p p m  o f  p r o lin e , a n d  n itr ite  
ra n g in g  fr o m  3 2  t o  3 2 0 0  p p m . T h e s e  w e r e  h e a t e d  in  1 0  m m  d ia m e te r  se a le d  
tu b e s  fo r  1 h r  a f te r  r e a c h in g  1 7 0 ° C ; a n d  o n  c o o l in g  th e  c o n t e n t s  w e r e  a n a ly se d  
fo r  N N P  b y  g a s -c h r o m a to g r a p h y . T h e  r e s u lts  are g iv e n  in  T a b le  7 .

Table 6. P yrro lid ine  y ield  from  pro line h eated  in  te tra lin - 
m e than o l m ix tu res

Solvent m ix tu re P yrro lid ine  yield 
(mg)M ethanol (m l) T etra lin  (m l)

0 3 0 .2 4
1 2 30.2
2 1 3.9
3 0 3.9

Table 7. E ffect o f n itr ite  c o n cen tra tio n  on  NNP 
yield fro m  heating  p ro line  in m e th an o l

N itrite  (p p m ) Yield o f NNP (ppm )

32 1.5
200 9.0
320 10.7
400 15.7
800 22.7

1600 29.4
3200 31.1
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T h e  e f f e c t  o f  v a r y in g  th e  p r o l in e  c o n c e n tr a t io n  in  m e th a n o l ic  r e a c t io n  
m ix t u r e s  c o n t a in in g  a f ix e d  le v e l  o f  2 0 0  p p m  o f  n itr i te  w a s  in v e s t ig a te d  u s in g  
M P tu b e s  h e a t e d  fo r  1 h r  a t 1 7 0 ° C  (s e e  T a b le  8 ) .

T h e  e f f e c t  o f  h e a t in g  t im e  o n  th e  N N P  y ie ld  fo r  r e a c t io n  m ix t u r e s  c o n ta in in g  
8 0 0  p p m  o f  p r o lin e  a n d  2 0 0  o r  4 0 0  p p m  o f  n itr i te  in  m e th a n o l  w a s  s im ila r ly  
in v e s t ig a te d  ( s e e  T a b le  9 ) .

Table 8. E ffect o f p ro line  co n cen tra tio n  on  NNP 
yield w hen hea ted  w ith  n itrite  in m ethano l

P ro line (ppm ) Yield o f NNP (p p m )

10 0.65
50 1.3

100 1.4
250 2.0
500 2.8
750 7.4

1000 9.1

Table 9. E ffect 
in  m ethano l

o f heating  tim e o n  NNP yield fo r m ix tu res o f p ro line  and n itrite

200  ppm  n itrite 400  p pm  n itrite
Tim e (m in) Yield o n  NNP (ppm ) Tim e (m in) Yield o f NNP (ppm )

0 0 10 5.1
2 0.2 20 6.1
4 0.45 30 8.1
8 0.9 40 10.8

12 1.3 50 14.3
24 1.9 60 17.0
48 3.6
60 6.5

T a b le  1 0 . E ffect o f  tem p era tu re  on  NNP yield 
fro m  heating  p ro lin e /n itr ite  m ix tu res in 
m ethano l

T em p era tu re  (°C ) Yield o f  N N P  ( p p m )

140 0 .08
150 0 .16
160 0.5
170 0.9
180 2.0
190 2.7
200 3.4
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Figure 2. A rrhen ius p lo t fo r th e  fo rm a tio n  o f N -n itrosopy rro lid ine  in  th e  m od el 
system .

T h e  e f f e c t  o f  t e m p e r a tu r e  w a s  in v e s t ig a te d  u s in g  a  r e a c t io n  m ix t u r e  c o n ­
ta in in g  8 0 0  p p m  p r o l in e  an d  2 0 0  p p m  o f  n itr i te  in  m e t h a n o l  w h ic h  w a s  h e a te d  
in  MP tu b e s  a t  th e  r e q u ir e d  te m p e r a tu r e  fo r  1 0  m in  ( s e e  T a b le  1 0 ) .

A  p lo t  o f  lo g ( N N P )  a g a in st  th e  r e c ip r o c a l  o f  th e  a b s o lu te  te m p e r a tu r e  is  
i llu s tr a te d  in  F ig . 2 , a n d  fr o m  th is  e n e r g y  o f  a c t iv a t io n  m a y  b e  c a lc u la te d  as
2 7 .2  k c a l.

T h e  e f f e c t  o f  th e  a d d it io n  o f  w a te r  is i llu s tr a te d  in  T a b le  11 fo r  a r e a c t io n  
m ix tu r e  c o n ta in in g  8 0 0  p p m  o r  p r o l in e , 4 0 0  p p m  o f  n itr i te  h e a t e d  fo r  3 0  m in  
a t 1 7 0 ° C  in  M P tu b e s .

F orm ation  o f  N N P  fr o m  various precursors. A  se r ie s  o f  r e a c t io n  m ix t u r e s  
w e r e  p r e p a r e d , e a c h  c o n ta in in g  a 1 0  m g  a liq u o t  o f  o n e  o f  th e  v a r io u s  p r e c u r so r s  
o f  p y r r o l id in e  p r e v io u s ly  e x a m in e d , a n d  1 0  m l o f  a m e t h a n o l ic  s o lu t io n  o f  
1 0 0 0  p p m  o f  s o d iu m  n itr i te . T h e s e  w e r e  s e a le d  in  10  m m  tu b e s ,  an d  h e a t e d  a t  
1 7 0 ° C  in  a n  o i l  b a th  fo r  1 h r . T h e  c o n t e n t s  w e r e  th e n  a n a ly se d  fo r  N N P  b y  
G L C . T a b le  1 2  g iv e s  t h e  r e su lts .

D eco m p o sitio n  o f  n itrosopro line. S o lu t io n s  c o n ta in in g  1 0 0  o r  1 0 0 0  p p m  o f  
n itr o s o p r o l in e  w e r e  h e a t e d  in  a q u e o u s  o r  m e t h a n o l ic  s o lu t io n  in  1 0  m m  d ia m e te r  
s e a le d  tu b e s  fo r  1 0  m in  a f te r  r e a c h in g  1 7 0 ° C . A f t e r  c o o l in g  th e  c o n t e n t s  w e r e  
a n a ly se d  fo r  fr e e  p r o l in e  c o lo r im e t r ic a l ly  (C h in a r d , 1 9 5 2 )  a n d  fo r  p y r r o lid in e  
a n d  N N P , b y  g a s -c h r o m a to g r a p h y . T h e  r e su lts  are g iv e n  in  T a b le  1 3 .

T able 11. E ffect o f w ater on  NNP yield from  
heating  p ro lin e /n itr ite  m ix tu res  in  m e th an o l

W ater (% v/v) Yield o f  NNP (ppm )

1 3.0
2 2.5
4 1.9

10 1.45
20 0.2

100 0.0
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Table 12. Yield o f NNP from  various precursors 
h ea ted  w ith  n itrite  in m e th ano l

Precursor (10  mg) Yield o f NNP (ppm )

P yrro lid ine 62.2
A gm atine 30.4
P utrescine 42.6
Proline 12.4
O rnith ine 6.1
Arginine 3.3
C itru lline 1.5

Table 13. P rodu cts o f heating n itro so p ro lin e in so lu tion

N itrosopro lin e Proline P yrro lid ine NNP
(ppm ) (ppm ) (ppm ) (ppm )

H eated  in m e thano l
1000 39 2 .44 0.8

100 — 0 0.4
H eated  in w ater

1000 96 3.4 0.16
100 18 1.56 —

S a m p le s  o f  n i t r o s o p r o l in e  s o lu t io n s  in  m e th a n o l  c o n t a in in g  1 0 0 0  o r  
1 0 0 0 0  p p m  w e r e  h e a t e d  fo r  a n  h o u r  a t 1 7 0 ° C  in  se a le d  1 0  m m  d ia m e te r  
tu b e s . A l iq u o t s  o f  t h e  r e a c t io n  p r o d u c ts  w e r e  a p p lie d  t o  an  18 ft  p o ly e t h y le n e  
g ly c o l  c o lu m n  c o u p le d  t o  a m a s s -s p e c tr o m e te r . P r o d u c ts  o th e r  th a n  p y r r o lid in e  
a n d  N N P  in c lu d e d  p y r id a z in e  an d  m e t h y l  p y r id a z in e . T e n ta t iv e  id e n t i f ic a t io n  
w a s  o b ta in e d  fo r  p y r id in e ,  p y r r o le  an d  a c e t ic  a c id , b u t  f i f t e e n  o th e r  c o m p o n e n t s  
h a v e  n o t  y e t  b e e n  id e n t i f ie d .

Use o f  m o d e l sy s te m  f o r  testing  additives

Halide and  th io cyana te  ions. T a b le  14  i l lu s tr a te s  th e  e f f e c t s  o f  th e  a d d it io n  
o f  p o ta s s iu m  c h lo r id e ,  b r o m id e  a n d  io d id e  a n d  a m m o n iu m  th io c y a n a t e  a t a 
f in a l c o n c e n tr a t io n  o f  3 .3  mM  t o  th e  s ta n d a r d  r e a c t io n  m ix tu r e  c o n t a in in g  
4 0 0  p p m  o f  s o d iu m  n itr i te ,  a n d  8 0 0  p p m  o f  p r o l in e ,  in  m e th a n o l.

L ip id  hyd rop eroxid e . T a b le  15 i l lu s tr a te s  th e  e f f e c t  o f  th e  h y d r o p e r o x id e  o f  
2 —o le o d is t e a r in  a t 2 0 0 0  p p m  o n  th e  N N P  y ie ld  ( w i t h  a c o n t r o l  c o n t a in in g  
2 —o le o d is t e a r in ) ,  in  a m e th a n o l ic  r e a c t io n  m ix t u r e  c o n ta in in g  4 0 0  p p m  o f  
s o d iu m  n itr i te  a n d  8 0 0  p p m  o f  p r o lin e .

P henolic  com po un ds. R e a c t io n  m ix t u r e s  c o n ta in in g  4 0 0  p p m  o f  s o d iu m  
n itr i te  an d  8 0 0  p p m  o f  p r o lin e  in  m e th a n o l  w e r e  h e a t e d  w ith  th e  a d d it io n  o f  
g a llic  a c id , c h lo r o g e n ic  a c id  o r  c a f f e ic  a c id  in  e q u im o la r  a m o u n ts  t o  th e  p r o lin e
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T a b le  14. E ffects o f halide and th io cy an a te  
ions on  NNP yield from  heating  p ro line / 
n itr ite  m ix tu res  in  m e thano l

A dditive 
(a t 3 mM)

NNP yield 
(ppm )

KC1 9.75
KBr 9.5
KI 9.25
n h 4 c n s 22.5
N one 8.5

T a b le  15. E ffect o f  lipid h y d ro p ero x id e  on
NNP yield from heating  p ro lin e /n itrite
m ix tu res in m e th ano l

A dditive NNP yield
(a t 2000  ppm ) (ppm )

N one 11.9
2 —oleod istearin 11.5
2 —oleod istearin

h yd ro perox id e 18.3

T a b le  1 6 . E ffect o f phenolic  co m po un ds o n  NNP yield  fro m  heating  
p ro lin e /n itr ite  m ix tu res in m e th an o l

E xp t no. A dditive 
(7 mM)

R esidual n itrite  
(ppm )

NNP yield 
(ppm )

1 N one 11.8
Gallic acid — 6.1
C hlorogenic acid — 4 0.4
C affeic acid — 27.2

2 N one 211 11.2
Gallic acid 0 4.6

p r e se n t . T a b le  1 6  g iv e s  t h e  r e su lts  fo r  th e s e  e x p e r im e n ts .  S in c e  g a ll ic  a c id  w a s  
th e  o n ly  c o m p o u n d  s h o w in g  a r e d u c t io n  in  N N P , th is  w a s  r e p e a te d , w ith  th e  
a d d it io n a l  s te p  o f  m e a su r in g  t h e  r e s id u a l n itr i te  a f te r  h e a t in g . T h is  is  a lso  
i l lu s tr a te d  in  T a b le  1 6 .

A scorbate . R e a c t io n  m ix t u r e s  c o n ta in in g  8 0 0  p p m  o f  p r o l in e  a n d  4 0 0  p p m  
o f  n itr i te  in  m e t h a n o l  w e r e  s e a le d  in  1 0  m m  tu b e s  w it h  v a r y in g  le v e ls  o f  a s c o r b ic  
a c id . T h e  tu b e s  w e r e  h e a te d  in  a  ‘T e c h n e  D r ib lo c k ’ D B  3 H  a d ju s te d  t o  1 7 0 ° C ;  
b u t  o n  in s e r t io n  o f  th e  tu b e s  th e  b lo c k  f e l l  t o  1 6 1 ° C , a n d  d id  n o t  s u b s e q u e n t ly  
r ise  a b o v e  1 6 6 ° C . T h e  h e a t in g  w a s  p r o lo n g e d  fo r  9 0  m in , b u t  t h e  y ie ld  in  th e  
c o n t r o l  tu b e  w a s  lo w . T h e  r e s u lts  are g iv e n  in  T a b le  1 7 .

5
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T a b le  1 7 . E ffect o f asco rb a te  on  NNP yield fro m  heating  
p ro lin e /n itra te  m ix tu res in m e thano l

A scorb ic acid 
ad ded  (ppm )

R esidual n itrite  
(ppm )

NNP yield 
(ppm )

0 330.1 2.7
100 265 .0 32.8
250 219 .4 37.5
500 145.0 26.0
750 101.0 22.3

1000 62.3 14.9
200 0 0.0 1.35

T a b le  18. E ffect o f an tio x id an ts  on  NNP 
yields fro m  heating  p ro lin e /n itr ite  m ix tu res 
in m e th ano l

A n tio x id an t NNP yield
(1% w/v) (ppm )

N one 5.2
BHT 4.0
BHA 3.0
E th o x y q u in 1.6

T a b le  1 9 . E ffect o f e th o x y q u in  co n cen tra tio n  
on  NNP yield  from  heating  p ro lin e /n itr ite  
m ix tu res in  m e th ano l

E th o x y q u in NNP yield
added  (% w /v) (ppm )

N one 12.9
0.25 9.3
0.5 4.5
0.75 4.8
1.0 3.9
1.25 3.3

A n tio x id a n ts .  R e a c t io n  m ix t u r e s  w e r e  p r e p a r e d  c o n t a in in g  8 0 0  p p m  o f  
p r o lin e  a n d  2 0 0  p p m  o f  n itr i te  w ith  1 % w /v  o f  th r e e  a n t io x id a n ts .  T h e s e  w e r e  
se a le d  in  c a p illa r y  tu b e s  a n d  h e a t e d  fo r  1 h r  a t 1 7 0 ° C :  T a b le  18 g iv e s  th e  
r e s p e c t iv e  y ie ld s  o f  N N P  in  th e  m ix t u r e s  c o n ta in in g  b u t y la t e d  h y d r o x y a n is o le  
(B H A ) , b u t y la t e d  h y d r o x y t o lu e n e  (B H T ) a n d  e t h o x y q u in .

T h e  e f f e c t  o f  th e  v a r y in g  le v e l  o f  e t h o x y q u in  w a s  t e s t e d  in  a r e a c t io n  m ix t u r e  
c o n ta in in g  5 0 0  p p m  o f  p r o l in e  a n d  a  la r g e  e x c e s s  o f  n itr i te ,  o f  2 5 0 0  p p m ,  
h e a t e d  a t 1 7 0 ° C  fo r  4 5  m in  in  M P tu b e s .  T a b le  19  g iv e s  t h e  r e su lts .
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T a b le  2 0 . E ffect o f  e th o x y q u in  on  residual n itrite  level a f te r  heating  p ro lin e /n itr ite  
m ix tu res in m e thano l
Proline 
added (p pm )

E th o x y q u in  
added (% w /v)

N itrite  (ppm )
NNP yield  (ppm )

A dded R esidual
— ----- 400 399
— 0.33 400 379 —
800 — 400 252 12.4
800 0.33 400 254 8.2

T a b le  2 1 . E ffect o f e th o x y q u in  at various heating  tim es o f 
p ro lin e /n itr ite  m ix tu res in  m e th an o l

H eating tim e 
(m in)

NNP yield (ppm )

C o n tro l 0.33%  w /v e th o x y q u in

15 9.0 9.8
30 13.2 7.8
45 15.2 8.4
60 25.2 8.4

T h e  e f f e c t  o f  e t h o x y q u in  a t 0 .3 3 %  o n  th e  le v e l  o f  r e s id u a l n itr i te  in  r e a c t io n  
m ix tu r e s  c o n t a in in g  4 0 0  p p m  o f  s o d iu m  n itr ite  an d  8 0 0  p p m  o f  p r o l in e  is  
i l lu s tr a te d  in  T a b le  2 0  an d  it s  e f f e c t  a t th e  sa m e  c o n c e n t r a t io n  fo r  v a r io u s  
h e a t in g  t im e s  o n  s im ila r  r e a c t io n  m ix t u r e s  is  i l lu s tr a te d  in  T a b le  2 1 .

D isc u s s io n

T h e  r e s u lts  g iv e n  in  T a b le  1 s h o w  th a t  m o r e  th a n  92 %  o f  th e  t o t a l  n itr o s a m in e s ,  
a n d  m o r e  th a n  99%  o f  th e  N N P  is fo u n d  in  th e  f a t t y  p o r t io n  o f  g r illed  b a c o n :  
th is  o b s e r v a t io n  is in  a g r e e m e n t w ith  th a t  o f  F id d le r  e t al. ( 1 9 7 4 ) .

A s  S c a n la n  ( 1 9 7 5 )  h a s  p r e v io u s ly  s u g g e s te d , a n d  as t h e  p r e s e n t  w o r k  h a s  
c o n f ir m e d  e x p e r im e n ta l ly ,  th e  a d ip o s e  t is s u e  r e a c h e s  m u c h  h ig h e r  te m p e r a tu r e s  
d u r in g  g r illin g  th a n  th e  le a n . T h is  in d ic a te s  th a t  e i th e r  th e  f o r m a t io n  o f  N N P  
i t s e l f ,  o r  o f  i t s  p r e c u r so r , r e q u ir e s  a h ig h  te m p e r a tu r e . I f , as p r o p o s e d  b y  E n d e r  
&  C e h  ( 1 9 7 1 )  a n d  as t h e  p r e s e n t  w o r k  su g g e s ts , p r o lin e  is  th e  o r g a n ic  p r e c u r so r  
o f  N N P , t h e  h ig h  te m p e r a tu r e  r e a c t io n  w o u ld  p r e s u m a b ly  b e  a d e c a r b o x y la t io n .  
T h is  m ig h t  b e  th e  d ir e c t  d e c a r b o x y la t io n  o f  p r o lin e  w ith  th e  f o r m a t io n  o f  
p y r r o l id in e , w h ic h  is  th e n  n itr o s a te d  : o r  th e  n itr o s a t io n  o f  p r o l in e  w h ic h  th e n  
d e c a r b o x y la te s  t o  y ie ld  N N P  (L ij in s k y  & E p s te in ,  1 9 7 0 ) .  H o w e v e r , th e  p r e se n t  
r e su lts  s h o w  th a t  o n  h e a t in g  in  s o lu t io n ,  th e  y ie ld  o f  N N P  fr o m  n it r o s o p r o l in e  
is  sm a ll;  th e  m o le c u le  a p p ea rs  t o  lo s e  b o t h  th e  c a r b o x y l  g r o u p  a n d  th e  n itr o s o  
g r o u p  t o  y ie ld  p y r r o l id in e ;  o f  c o u r se  th is  c o u ld  t h e n  n itr o s a te  r e a d ily  in  th e  
p r e s e n c e  o f  n itr ite .

5
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H o w e v e r , th e  p r e s e n c e  o f  m o r e  th a n  s u f f ic ie n t  p r o lin e  in  p o r k  fa t ,  (W a sserm a n  
&  S p in e l l i ,  1 9 7 2 ;  G r a y  e t al., 1 9 7 6 )  t o  a c c o u n t  fo r  th e  o b se r v e d  le v e ls  o f  N N P  
in  b a c o n  fa t;  th e  s u b s ta n t ia l  in c r e a se  in  p y r r o lid in e  le v e ls  w h e n  p o r k  fa t  is  
h e a t e d ;  a n d  th e  r e a d y  n it r o s a t io n  o f  p y r r o l id in e  in  th e  p r e s e n c e  o f  n itr i te ,  
r e p o r te d  in  t h e  p r e s e n t  w o r k , a ll in d ic a te  th a t  p r o lin e  is  th e  l ik e ly  p r e c u r so r  
o f  N N P . T h e  d ir e c t  p r o p o r t io n a l i ty  b e t w e e n  th e  y ie ld  o f  N N P  in  th e  c o o k - o u t  
fa t ,  w ith  th e  le v e l  o f  fr e e  p r o lin e  a t  th e  t im e  o f  c o o k in g , p r o v id e s  a d d it io n a l  
e v id e n c e  fo r  th is  c o n c e p t .  I t m a y  b e  n o t e d  th a t  p r o lin e  d e c a r b o x y la te s  a t a 
lo w e r  te m p e r a tu r e  th a n  m o s t  a m in o  a c id s  (W e n d la n d t , 1 9 6 0 ) .

T h e  in h ib it o r y  e f f e c t s  o f  w a te r  o n  n itr o s a m in e  fo r m a t io n  r e p o r te d  h e r e , 
su g g e s t  c e r ta in  c o n c lu s io n s  in  r e la t io n  t o  n itr o s a m in e  fo r m a t io n  in  b a c o n .  
F ir s t  in  b a c o n , t h e  e v a p o r a t iv e  c o o l in g  e f f e c t  o f  w a te r  in  t h e  le a n  t is s u e  p r e v e n ts  
t h e  a t ta in m e n t  o f  t e m p e r a tu r e s  n e c e s s a r y  fo r  d e c a r b o x y la t io n . S e c o n d ly ,  th e  
r e d u c t io n  o f  N N P  y ie ld  w ith  in c r e a s in g  w a te r  c o n t e n t  o f  th e  m o d e l  s y s t e m  
s u g g e s ts  a m o r e  d ir e c t  c h e m ic a l  e f f e c t ,  an d  th is  is  c o n f ir m e d  b y  th e  a b s e n c e  
o f  p r o lin e  d e c a r b o x y la t io n  in  w a te r , e v e n  w h e n  h e a t e d  t o  1 7 0 ° C . T h is  c o u ld  
b e  a s e c o n d  fa c to r  in  r e s tr ic t in g  n itr o s a m in e  fo r m a t io n  t o  th e  f a t t y  t is s u e ,  
s in c e  o n ly  th is  p o r t io n  c a n  p r o v id e  a n o n -a q u e o u s  e n v ir o n m e n t  d u r in g  c o o k in g .  
T h is  a lso  su g g e s ts  th a t  th e  c o n d it io n s  fo r  th e  n it r o s a t io n  r e a c t io n  in  a q u e o u s  
s o lu t io n  m a y  b e  ir r e le v a n t  t o  t h e  s it u a t io n  in  c o o k in g  b a c o n .

T h e  r e q u ir e m e n t  fo r  a h ig h  te m p e r a tu r e , th e  in h ib it o r y  e f f e c t s  o f  w a te r  
a n d  a n t io x id a n ts ,  a n d  th e  c a ta ly t ic  e f f e c t  o f  a l ip id  h y d r o p e r o x id e ,  are  
c o n s is t e n t  w it h  th e  in v o lv e m e n t  o f  a  fr e e -r a d ic a l in  t h e  fo r m a t io n  o f  N N P . T h is  
m ig h t  a lso  e x p la in  ( s e e  T a b le  1 9 )  th e  d im in is h in g  e f f e c t  o f  th e  in h ib it o r  
e t h o x y q u in  w it h  in c r e a s in g  c o n c e n tr a t io n . I t is  o f  in te r e s t  t o  c o n s id e r  w h a t  th e  
e f f e c t iv e  n itr o s a t in g  s p e c ie s  m ig h t  b e . F r o m  th e  r e s u lts  w ith  a s c o r b ic  a c id  in  
t h e  m o d e l  s y s t e m , it  w o u ld  a p p e a r  t o  b e  a p r o d u c t  o f  th e  r e a c t io n  b e tw e e n  
a s c o r b a te  a n d  n itr i te ;  s in c e  a lt h o u g h  th e  r e s id u a l n itr i te  le v e l  m a y  b e  g r e a tly  
r e d u c e d , t h e  N N P  y ie ld  is  g r e a t ly  in c r e a s e d  u n t i l  a v e r y  la rg e  e x c e s s  o f  a sc o r b a te  
is  a d d e d . T h e  in it ia l  p r o d u c t  o f  th e  n itr ite -a s c o r b a te  r e a c t io n  is  n itr ic  o x id e ;  
a n d  t o  t e s t  th is  as a n itr o s a t in g  a g e n t , 4  m l o f  a n  8 0 0  p p m  s o lu t io n  o f  p r o lin e  
in  m e th a n o l  w a s  h e a t e d  w ith  2 .5  m l o f  th e  ga s, in  a s e a le d  tu b e  fo r  1 h r  a t 1 7 0 ° C .  
T h is  g a v e  a y ie ld  o f  5 9  p p m  o f  N N P , a p p r o x im a te ly  tw ic e  th a t  e x p e c t e d  fo r  
a n  e q u im o la r  a m o u n t  o f  s o d iu m  n itr ite . T h e  r e a c t io n  tu b e  w a s  f lu s h e d  w ith  
n itr ic  o x id e  fo r  1 0  m in  b e f o r e  sea lin g  t o  r e m o v e  o x y g e n .

T h e  p h e n o l ic  s u b s ta n c e s  w h ic h  in c r e a s e  th e  y ie ld  o f  n itr o s a m in e s  d u r in g  
n itr o s a t io n  in  a q u e o u s  s o lu t io n  (C h a llis  &  B a r t le t t ,  1 9 7 5 )  a lso  d o  so  in  th e  
m o d e l  s y s te m ;  th e  e x c e p t io n ,  g a llic  a c id , w h ic h  a c tu a l ly  r e d u c e s  th e  y ie ld  o f  
N N P , a p p a r e n t ly  d o e s  s o  b y  r e m o v in g  th e  n itr i te  p r e s e n t .

C le a r ly  e t h o x y q u in  d o e s  n o t  a c t in  th is  w a y , s in c e  it  d o e s  n o t  s ig n if ic a n t ly  
a f f e c t  th e  le v e l  o f  r e s id u a l n itr ite . E v e n  a t h ig h  le v e ls  o f  e t h o x y q u in ,  s o m e  
N N P  is  fo r m e d ;  an d  i t s  e f f e c t  a t v a r io u s  h e a t in g  t im e s  rev ea ls  an  in it ia l  fo r m a t io n  
o f  N N P  (d u r in g  t h e  fir s t 15  m in  o f  h e a t in g ) ,  w h ic h  is n o t  in h ib it e d  b y  e t h o x y q u in .  
F u r th e r  fo r m a t io n  o f  N N P  is  th e r e a f te r  in h ib it e d ;  w h ic h  s u g g e s ts  th a t  N N P  m a y  
b e  fo r m e d  in  th e  m o d e l  s y s t e m  b y  t w o  r o u te s ,  o n ly  o n e  o f  w h ic h  is  s u s c e p t ib le
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t o  e t h o x y q u in  in h ib it io n .  E t h o x y q u in  is  v e r y  e f f e c t iv e  in  b a c o n ,  as a n  in h ib it o r  
o f  n itr o s a m in e  fo r m a t io n  (C o le m a n , 1 9 7 6 )  a n d  i t s  e f f e c t s  in  th is  c o n t e x t  w ill  
b e  d e sc r ib e d  e ls e w h e r e .

A c k n o w le d g m e n t s

I w o u ld  l ik e  t o  th a n k  M r E . W . T h o m p s o n  fo r  h is  v e r y  c a p a b le  te c h n ic a l  
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T echnical n o te : Lead and cop p er uptake b y  fo o d  prepared in  
tin n ed -cop p er u tensils

C. R E IL L Y

I n tr o d u c t io n

T in n e d  m e ta l  u te n s i ls  h a v e  b e e n  in  u s e  fo r  fo o d  p r e p a r a tio n  s in c e  R o m a n  tim e s . 
T h e  r e la t iv e ly  lo w  m e lt in g  p o in t  o f  t in  ( 2 3 2 ° C ) a n d  th e  e a se  w ith  w h ic h  a la y e r  
ca n  b e  a p p lie d  t o  o th e r  m e ta ls  b y  d ip p in g  o r  w ip in g  p e r m it te d  i t s  u s e  as a 
p r o te c t iv e  p la te  o n  o t h e r  le s s -r e s is ta n t  m e ta ls  e v e n  in  t e c h n o lo g ic a l ly  u n ­
s o p h is t ic a te d  a g es . T o d a y  w e  r e c o g n iz e  th a t  th e  e le c tr o c h e m ic a l  r e la t io n s  
b e tw e e n  t in  a n d  o t h e r  m e ta ls ,  as w e ll  a s  its  s u r fa c e  a c t iv ity  an d  n o n ­
t o x ic i t y ,  m a k e  it  an id e a l m a te r ia l fo r  su r fa c in g  f o o d  h a n d lin g  and  p r o c e s s in g  
e q u ip m e n t  fa b r ic a te d  fr o m  s tr o n g e r  m e ta ls .

W h ile  th e  m a in  u se  o f  t in  in  th e  f o o d  in d u s tr y  is  as t in p la te  in  c a n n in g , a 
c e r ta in  a m o u n t  is  a lso  u se d  as a c o a t in g  o n  c o p p e r  c o o k in g  u te n s i ls .  
B e c a u s e  o f  th e  t o x ic  n a tu r e  o f  s o m e  sa lts  o f  c o p p e r  as w e ll  as i t s  c a t a ly t ic  
e f f e c t  o n  fa t  o x id a t io n ,  it  is  d e s ir a b le  to  p la c e  a b a rr ier  b e t w e e n  th e  m e ta l  and  
fo o d .  T h u s  i t  is  n o r m a l p r a c t ic e  t o  c o v e r  th e  su r fa c e  o f  c o p p e r  u te n s i ls  and  
f o o d  p r o c e s s in g  e q u ip m e n t  w ith  a la y e r  o f  t in . T h is  m e ta l  is n o n - t o x ic ,  b u t  
p u re  t in  is  n o t  n o r m a lly  u se d  fo r  p la t in g . In  f a c t ,  ‘S ta n d a rd  t in ’ s o ld  o n  th e  
L o n d o n  M eta l E x c h a n g e  m a y  c o n t a in  u p  t o  0 .1 %  le a d . W h ile  i t  is  a c c e p te d  
th a t  ‘th e  t in  u se d  fo r  t in  p la te  an d  fo r  h o t - t in n in g  fa b r ic a te d  a r t ic le s  s h o u ld  b e  
o f  h ig h  q u a l i t y ,  lo w  in  le a d ’ (H e d g e s , 1 9 6 0 ) ,  a C o o k in g  U te n s i ls  ( S a f e t y )  
R e g u la t io n  is s u e d  b y  th e  H o m e  S e c r e ta r y  in  D e c e m b e r  1 9 7 2  u n d e r  th e  
C o n s u m e r  P r o te c t io n  A c t  o f  1 9 7 1 ,  a llo w s  a m a x im u m  o f  0 .2%  le a d  in  th e  tin  
p la te . T h is  R e g u la t io n  s u p e r s e d e d  a 1 9 6 4  B r it ish  S ta n d a r d s  S p e c i f ic a t io n  
w h ic h  h a d  a llo w e d  a h ig h e r  le v e l o f  0 .2 5 %  le a d . T h e r e  is e v id e n c e  th a t  t in n e d  
c o o k in g  u t e n s i ls  w h ic h  d o  n o t  c o n f o r m  t o  th is  r e g u la t io n , o r  e v e n  t o  th e  
ea r lie r  B r it ish  S ta n d a r d s  S p e c i f ic a t io n , are s o m e t im e s  s o ld  a n d  u se d  a t th e  
p r e s e n t  t im e . In 1 9 6 6  th e  C o n s u m e r  A s s o c ia t io n  fo u n d  t in n e d  fr y in g  p a n s  
w h ic h  c o n t a in e d  b e t w e e n  4 0  an d  60%  le a d  in  th e  t in  la y e r  o n  sa le  t o  th e  
p u b lic  (C o n s u m e r  A s s o c ia t io n ,  1 9 7 3 ) .  W e h a v e  s h o w n  th a t  s o m e  t in n e d  c o p p e r  
sa u c e p a n s  s t i ll  in  u se  in  a re s ta u r a n t w e r e  c a p a b le  o f  c o n tr ib u t in g  a h ig h  le v e l  
o f  lea d  t o  fo o d  ( R e i l ly ,  1 9 7 6 ) .

A u th o r’s address: Principal L ec tu re r in F ood  Science, O xford  P o ly techn ic  OX3 0PB.
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T h e  p r e s e n t  r e p o r t  is  a fu r th e r  c o n t r ib u t io n  t o  th is  in v e s t ig a t io n . A  r a n d o m  
sa m p le  o f  f o o d  c o o k e d  u n d e r  n o r m a l re s ta u r a n t c o n d it io n s  w a s  t e s t e d  fo r  le a d  
a n d  c o p p e r . In  a d d it io n , a s e le c t io n  o f  d is h e s  o f  a m o r e  a c id  a n d  le s s  u su a l  
n a tu r e , th o u g h  s t ill  s ta n d a r d  r e s ta u r a n t fa re , w a s  m a d e . I d e n t ic a l  p o r t io n s  w e r e  
p r e p a r e d  in  a lu m in iu m  an d  t in n e d  c o p p e r  u te n s i ls .  T h e  c o o k e d  f o o d ,  as w e l l  as  
t h e  ra w  m a te r ia ls , w e r e  a n a ly se d  fo r  th e  t w o  m e ta ls .  T h e  r e su lts  s h o w  th a t  
le a d  u p ta k e  is r e la te d  t o  th e  t y p e  o f  f o o d  an d  c o n d it io n s  o f  c o o k in g  as w e l l  as 
t o  th e  s ta te  o f  w e a r  an d  le n g th  o f  u s e  o f  th e  u te n s i ls .

M a ter ia ls  a n d  m e th o d s
F o o d  an d  fo o d  preparation
F o o d  w a s  o b ta in e d  fr o m  c o m m e r c ia l  r e s ta u r a n t su p p lie r s  an d  w a s  p r e p a r e d  
a c c o r d in g  t o  w id e ly  u s e d  c a te r in g  p r o c e d u r e s  (C r a c k n e ll  &  K a u fm a n n , 1 9 7 2 ) .  
S a m p le s  a n a ly se d  w e r e  o f  tw o  ty p e s :

N o rm al restauran t fare. A  c o m p le t e  lu n c h e o n  as serv ed  t o  c u s t o m e r s  and  
c o n s is t in g  o f  s o u p  ( t o m a t o )  a n d  b r ea d  r o lls , m a in  c o u r se  ( la m b  c h o p , b o i le d  
n e w  p o t a t o e s  a n d  p e a s )  a n d  d e ss e r t  (a p p le  p ie ) ,  w a s  ta k e n . T o ta l  e d ib le  p o r t io n s  
o f  th e  m a in  c o u r s e , as w e l l  as th e  w h o le  serv in g  o f  a p p le  p ie ,  w e r e  h o m o g e n iz e d  
s e p a r a te ly  a n d  10  g  ( w e t  w e ig h t )  sa m p le s  o f  th e  h o m o g e n a t e s ,  in  tr ip lic a te ,  
as w e l l  as s im ila r  w e ig h t s  o f  th e  l iq u id  s o u p  an d  th e  b r ea d  r o lls , u se d  fo r  a n a ly se s  
as d e sc r ib e d  b e lo w .

S e lec ted  fo o d s .  T h e  in d iv id u a l d is h e s  e x a m in e d  w e r e :  W hiting à la P ortuguese  
(r e c ip e  n u m b e r  1 9 0 , C r a c k n e ll  &  K a u fm a n n )  in  w h ic h  th e  f ish  is  s im m e r e d  fo r  
3 0  m in  in  o il;  P ou le t sa u té  bourguignonne  (n u m b e r  8 2 9 ) ,  c h ic k e n  c o o k e d  fo r  
1 h r  in  a red  w in e  s a u c e ;  C hou rouge fla m a n d e  (n u m b e r  9 6 0 ) ,  red  c a b b a g e  
c o o k e d  fo r  2  hr in  v in e g a r  f o l lo w e d  b y  a fu r th e r  4 5  m in  h e a t in g  w it h  c o o k in g  
a p p le s ;  P om m es D elm o nico  (n u m b e r  1 0 5 2 ) ,  p o t a t o e s  g e n t ly  h e a t e d  in  m ilk  fo r  
1 h r ; S o rb e t au C itron  (n u m b e r  1 3 6 4 ) ,  p r ep a red  b y  b o i l in g  su g a r  a n d  le m o n  

j u ic e  in  w a te r  to  a th ic k  s y r u p  a n d  th e n  fr e e z in g .
C ooking  utensils', ( i )  A lu m in iu m  p a n s , reg u la r  k i t c h e n  s to c k ;  ( i i)  c o p p e r  p a n s  

a lso  in  reg u la r  u se  in  k it c h e n  w ith , in  m o s t  c a se s , e v id e n c e  o f  w e a r  o n  t in  
su r fa c e ;  ( i i i )  c o p p e r  p a n s  o f  s im ila r  v in ta g e  t o  ( i i )  b u t  w h ic h  h a d  b e e n  in  s to r e  
a n d  u n u s e d  s in c e  p u r c h a se . In  th e  c a se  o f  u n c o o k e d  f o o d ,  a ll th e  raw  m a te r ia ls  
u s e d  in  p r e p a r a t io n  o f  a p a r t ic u la r  d is h  w e r e  h o m o g e n iz e d  t o g e th e r  a n d  sa m p le s  
ta k e n  fo r  a n a ly s is .

Preparation and  analysis o f  sam ples:  T r ip lic a te  1 0  g  sa m p le s  (a p p r o x , w e t  
w e ig h t )  w e r e  ta k e n , w e ig h e d , d r ie d  in  h o t  a ir  o v e n  a t 7 0 ° C t o  c o n s ta n t  w e ig h t ,  
w h ic h  w a s  r e c o r d e d , a n d  a sh e d  o v e r n ig h t  a t 5 0 0 ° C  in  a m u f f le  fu r n a c e . T h e  a sh  
w a s  d is s o lv e d  in  2  c m 3 N HC1 an d  c e n tr ifu g e d . T h is  s o lu t io n  w a s u se d  d ir e c t ly ,  
w it h o u t  fu r th e r  t r e a tm e n t ,  fo r  a n a ly s is  b y  a t o m ic  a b s o r p t io n  s p e c t r o ­
p h o t o m e t r y .

S o lu t io n s  w e r e  a n a ly se d  a c c o r d in g  t o  th e  s ta n d a r d  p r o c e d u r e s  u s in g  E E L  2 4 0  
M o d e l S p e c t r o p h o t o m e t e r  a n d  r e su lts  e x p r e s se d  as th e  m e a n  o f  th r e e  sa m p le s .
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T a b le  1. Lead and co pper co n ten ts  o f  dishes served at luncheo n

M etal co n ten t (m g/kg , w et w eight
m ean o f th ree  sam ples)

Food Lead C opper

Soup ( to m a to ) 0 .08 0.35
Bread rolls 0.58 0 .40
Main course (lam b chops, p o ta to , peas) 0.38 1.71
A pple pie 0.21 2.73

S ta n d a rd  s o lu t io n s  o f  c o p p e r  an d  le a d  w e r e  p r e p a r e d  fr o m  s t o c k  s ta n d a r d s  
s u p p lie d  b y  B D H  C h e m ic a ls .

W h en  n e c e s s a r y , a n a ly t ic a l  s o lu t io n s  w e r e  d ilu te d  u s in g  d is t i l le d ,  io n -fr e e  
w a te r .

R e su lts  an d  d is c u s s io n
L ead and cop per c o n te n ts  o f  typ ica l luncheon  fare

T a b le  1 s h o w s  th e  av era g e  le a d  and  c o p p e r  c o n t e n t  o f  th e  f o o d  e a te n  in  a 
m e a l se r v e d  t o  a c u s t o m e r  in  a tr a d it io n a l  r e s ta u r a n t. T h e  f o o d  w a s  p r ep a red  
u s in g  a s e le c t io n  o f  d i f f e r e n t  c o o k in g  u te n s i ls ,  in c lu d in g  a lu m in iu m  and  
s ta in le s s  s t e e l  as w e ll  as t in n e d  an d  u n t in n e d  c o p p e r  v e s se ls . A  t in n e d  s te e l  
m ix in g  b o w l  w a s  u se d  in  m a k in g  th e  b rea d  r o lls . T h e  le a d  c o n t e n t s  o f  a ll 
sa m p le s  w e r e  w e ll  b e lo w  th e  p r e s e n t  s ta tu to r y  l im it  o f  2  m g /k g  fo r  a ll b u t  
c e r ta in  s p e c if ie d  f o o d s  (M A F F  1 9 7 5 a ) .  E x c e p t  fo r  th e  s o u p , le v e ls  w e r e , 
h o w e v e r , h ig h e r  th a n  th e  av era g e  o f  0 .0 9  m g /k g  fo r  f o o d s  in  g e n e r a l r e p o r te d  
b y  t h e  W o r k in g  P a r ty  o n  th e  M o n ito r in g  o f  F o o d s t u f f s  fo r  H e a v y  M eta ls  
(M A F F  1 9 7 5 b ) .  T h e r e  is  n o  g e n e r a l p e r m it te d  m a x im u m  le v e ls  fo r  c o p p e r  b u t  
th e  F o o d  S ta n d a r d s  C o m m it t e e  r e c o m m e n d s  a l im it  o f  2 0  m g /k g  in  m o s t  fo o d s  
an d  2  m g /k g  in  r e a d y - to -d r in k  b e v e r a g e s . In  a d d it io n ,  th e r e  a re  s p e c if ic  
r e s tr ic t io n s  in  th e  ca se  o f  g e la t in  t o  a m a x im u m  o f  3 0  m g /k g  a n d  fo r  to m a t o  
k e tc h u p  2 0  m g /k g  u n d e r  F o o d  S ta n d a r d s  O rd ers (P e a r so n  1 9 7 6 ) .  T h e  f o o d s  
serv ed  in  th e  re s ta u r a n t lu n c h e o n  w e r e  w e ll  b e lo w  all th e s e  l im its .

S e lec ted  fo o d s
T a b le  2  su m m a r iz e s  th e  r e s u lts  o f  a n a ly se s  o f  th e  d i f f e r e n t  fo o d  d is h e s ,  

p rep a red  as d e sc r ib e d . R e s u lts  are g iv e n  b o t h  in  r e la t io n  t o  w e t  a n d  d ry  w e ig h t .  
T h e  fo r m e r  is  u se d  s in c e  s ta tu to r y  l im it s  are e x p r e s se d  in  th is  m a n n e r  a n d  a lso  
is e a s ie r  to  in te r p r e t  in  r e la t io n  t o  fo o d  p o r t io n  s iz e s  in  c a te r in g . D r y  w e ig h ts ,  
h o w e v e r , g iv e  a c le a r e r  id e a  o f  a c tu a l  in c r e a se s  o r  d e c r e a s e s  o f  m e ta l  c o n t e n t  
o f  fo o d  f o l lo w in g  d if f e r e n t  m e th o d s  o f  p r e p a r a tio n . W ith  regard  t o  le a d , i t  is  
c lea r  th a t  c o o k in g  o f  fo o d  in  t in n e d  u t e n s i ls  r e su lts  in  an in c r e a s e  in  c o n t e n t  o f
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th e  m e ta l .  T h e  s ta te  o f  w e a r  o f  th e  t in n in g  is r e f le c t e d  in  th e  le v e l  o f  lea d  
u p ta k e , w ith  o n ly  lo w  le v e l  a c c u m u la t io n  in  fo o d  c o o k e d  in  w e ll-u s e d  p a n s. 
C o o k in g  in  p a n s  w ith  in ta c t  t in n in g  g iv e s  lea d  v a lu e s  in  m o s t  c a se s  c lo s e  t o  th e  
r e c e n t ly  r e c o m m e n d e d  g e n e r a l m a x im u m  o f  1 m g /k g  (M A F F  1 9 7 5 a ) .  N e v e r ­
th e le s s , th o u g h  all th e  d ish e s  w e r e  d e lib e r a te ly  c h o s e n  fo r  th e ir  a c id ity  a n d  are, 
p r e s u m a b ly , m o r e  p lu m b o s o lv e n t  th a n  th e  o r d in a r y  lu n c h  m e n u , le a d  u p ta k e  
w a s  c o n s id e r a b ly  le ss  th a n  w a s  th e  c a se  in  a p r e v io u s  s tu d y  ( R e i l ly ,  1 9 7 6 )  in  
w h ic h  t o m a t o  s o u p  w a s  fo u n d  t o  c o n t a in  0 .8 0  m g /k g  ( w e t  w e ig h t )  w h e n  
p r ep a red  in  w o r n  s a u c e p a n s  an d  3 .1 7  m g /k g  w h e n  p r e v io u s ly  u n u s e d  t in n e d  
c o p p e r  s a u c e p a n s  w ere  u sed .

In th e  e a r lie r  s tu d y  it  w a s  a lso  fo u n d  th a t  th e  t in n in g  o n  s o m e  u n u s e d  
s a u c e p a n s  c o n t a in e d  0 .2 8 %  le a d  (0 .0 8 %  a b o v e  th e  le g a lly  p e r m it te d  m a x im u m ) ,  
w h ile  w o r n  t in  p la te  h a d  as l i t t le  as 0 .0 7 2 %  o f  th e  m e ta l.

T h e  r e su lts  fo r  c o p p e r  s h o w , as m ig h t  b e  e x p e c t e d ,  a h ig h e r  le v e l  in  fo o d  
c o o k e d  in  sa u c e p a n s  w ith  w o r n  t in n in g  th a n  in  c o p p e r  p a n s  w ith  in ta c t  p la t in g  
o r  in  a lu m in iu m  u te n s ils .  In  n o  c a se  d o e s  th e  le v e l  o f  c o p p e r  e x c e e d  th e  
r e c o m m e n d e d  l im it  o f  2 0  m g /k g  w e t  w e ig h t . O n  th e  c o n tr a r y , i t  s h o u ld  b e  
n o te d  th a t  sev era l o f  th e  f o o d s ,  e v e n  w h e n  c o o k e d  in  c o p p e r  v e s s e ls ,  s u f fe r e d  
a m a rk e d  lo s s  o f  c o p p e r . T h is  t y p e  o f  lo s s  o f  e s s e n t ia l  tr a c e  e le m e n ts  d u r in g  
fo o d  p r o c e s s in g  m a y  b e  o f  s o m e  s ig n if ic a n c e  i f  th e  a v a ila b ility  o f  th e  m e ta ls  
in  fre sh  f o o d s  is  l im ite d .

T h e  I n te r -D e p a r tm e n ta l  W o r k in g  G r o u p  o n  H e a v y  M eta ls  in  it s  p a p e r  o n  
‘L ea d  in  th e  E n v ir o n m e n t  . . (D e p a r tm e n t  o f  th e  E n v ir o n m e n t , 1 9 7 4 )  n o te d  
th a t  t in -c o a te d  u t e n s i ls  ca n  c o n t a m in a te  fo o d  w ith  le a d . T h e  r e su lts  g iv e n  h e re  
s h o w  th e  le v e ls  o f  lea d  c o n t a m in a t io n  w h ic h  m a y  b e  e x p e c t e d  in  m e a ls  serv ed  
in  a r e s ta u r a n t w h e r e  tr a d it io n a l  t in n e d - c o p p e r  u te n s i ls  are u se d . W h en  re ferr in g  
t o  th e  c o r r e s p o n d in g  p r o b le m  o f  lea d  p ic k -u p  b y  fo o d  fr o m  s o m e  p o o r ly  m a d e  
g la z e s  o n  c e r a m ic  w a r e , th e  W o r k in g  G r o u p  r e c o m m e n d e d  th a t  ‘a m a te u r  p o t t e r s ,  
in c lu d in g  t h o s e  w o r k in g  a t s c h o o ls  o r  c o l le g e s ,  s h o u ld  r e s tr ic t  th e  u s e  o f  th e ir  
g la z e d  w a re  t o  d e c o r a t iv e  p u r p o s e s  o n ly  u n le s s  e v id e n c e  o f  i t s  s u i ta b i l i ty  fo r  
c o o k in g  o r  f o o d  s to r a g e  is  a v a i la b le ’. W h ile  n o t  s u g g e s t in g  t h e  sa m e  
r e s tr ic t io n  o n  th e  t in n e d  s a u c e p a n s , i t  w o u ld  s e e m  th a t ,  a t th e  le a s t ,  ca re  s h o u ld  
b e  ta k e n  t o  se e  th a t  t h o s e  in  u se  c o n f o r m  t o  th e  p r e s e n t  r e g u la t io n s  w h ic h  
l im it  th e  a m o u n t  o f  le a d  w h ic h  m a y  b e  p r e s e n t . P erh a p s  e v e n  th is  le v e l  s h o u ld  
b e  k e p t  u n d e r  r e v ie w  a n d , i f  p o s s ib le ,  th e  p e r m it te d  a m o u n t  o f  le a d  r e d u c e d  o r  
at le a s t  m e t h o d s  o f  m a k in g  th e  m e ta l  le ss  e a s ily  e x tr a c te d  b y  f o o d ,  in v e s t ig a te d .  
H o w e v e r , a c c o r d in g  to  th e  p r o fe s s io n a l  t in n e r s , th e  fig u re  o f  0 .2 %  le a d  is th e  
f in e s t  l im it  a t w h ic h  it  is p r a c t ic a l  t o  t in  a n y th in g  o n  a p r o d u c t io n  b a s is  
(B a r r e tt , 1 9 7 7 ) .  A lm o s t  4 0  y e a r s  a g o  w h e n  th e  s it u a t io n  w a s  fa r  w o r s e  a n d  as 
m u c h  as 20%  le a d  w a s  to  b e  fo u n d  in  s o m e  tin  p la te , M o n ier -W illia m s (M in is tr y  
o f  H e a lth , 1 9 3 8 )  p o in t e d  o u t  th a t  le a d  a l lo y s  u se d  in  p la t in g  c o u ld  c o n t a m in a te  
f o o d .  H is a p p e a l fo r  a r e d u c t io n  o f  th e  a m o u n t  o f  le a d  e n te r in g  f o o d  in  th is  
w a y  t o  th e  lo w e s t  p o s s ib le  l im it  w a s  f in a l ly  a n sw e r e d  b y  th e  1 9 6 4  B r itish  
S ta n d a rd . B u t , w h e n  a p p e a lin g  fo r  a lo w e r  l im it ,  M o n ier -W illia m s w o n d e r e d  
w h e th e r  ‘a n y  l im it ,  h o w e v e r  s m a ll , fo r  a c u m u la t iv e  p o is o n  ca n  b e  reg a rd ed
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as s a f e ’. O th e r s  to d a y  e c h o  h is  d o u b ts  a n d  w o u ld  l ik e  to  se e  le a d  p r o h ib ite d  as 
a c o n s t i t u e n t  o f  a n y  c o n t a in e r  in  w h ic h  f o o d  is  s to r e d  o r  c o o k e d  (B r y c e -S m ith  
&  W a ld r o n , 1 9 7 4 ) .  T h is  v ie w  is  n o t  sh a red  b y  th e  F o o d  A d d it iv e s  a n d  C o n ta m i­
n a n ts  C o m m it t e e  w h ic h  p o in t s  o u t  th a t  it  ca n  b e  m is le a d in g  t o  c o n c e n tr a t e  
a t t e n t io n  o n  e x tr e m e  c a se s  o f  le a d  c o n t a m in a t io n .  M o s t  p e o p le  e a t  a m ix e d  
d ie t  a n d  r e c e iv e  a le a d  in ta k e  o f  le s s  th a n  h a l f  th e  F A O /W H O  ‘p r o v is io n a l  
to le r a b le  w e e k ly  in t a k e ’ o f  3 .0  m g  fo r  a d u lts . W h ile  it  is  tr u e  th a t  a c o n s t a n t  
d ie t  o f  W hiting á la P ortuguese  o r  P o u le t sau té  bo u rg u ig n o n n e , c o o k e d  in  th e  
m a n n e r  d e sc r ib e d  h e r e , m ig h t  r e su lt  in  a b u ild  u p  o f  lea d  in  th e  b o d y ,  t h e  
c o n s u m p t io n  o f  th e  t y p e  o f  f o o d  serv ed  in  th e  r e s ta u r a n t fo r  n o r m a l lu n c h e o n ,  
e v e n  i f  th is  w e r e  c o n s u m e d  a t e a c h  m e a l o f  th e  d a y , w o u ld ,  o n  th e  a s s u m p t io n  
th a t  th e  to ta l  w e e k ly  in ta k e  o f  f o o d  is  1 0 .5  k g  a n d  th a t  th e  m a in  c o u r s e  o n ly  is  
e a te n , c o n t r ib u te  a p p r o x im a te ly  4  m g  o f  le a d  t o  th e  b o d y  o f  an  a d u lt . I t  is ,  
o f  c o u r s e , h ig h ly  im p r o b a b le  th a t  a n y o n e  w o u ld  e a t  a d ie t  e n t ir e ly  c o m p o s e d  
o f  s u c h  f o o d ,  th o u g h  th e  s i t u a t io n  c o u ld  ar ise  w ith  h o t e l  s t a f f  w h o  ta k e  all 
th e ir  m e a ls  in  th e  h o t e l  o r  in  fa m ilie s  w h e r e  t in n e d  k i t c h e n  u t e n s i ls  are u s e d .
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T h e  b o o k  is  b a se d  o n  t w o  r e p o r ts  e n t i t le d  Energy E ffic ien cy  Im p ro vem en t  
Targets, F o o d  and  K indred  P roducts In d u s try  a n d  Industria l E nergy S tu d y  
o f  Se lec ted  F oo d  Industries  p r e p a r e d  fo r  th e  U .S .A .’s F e d e r a l E n e r g y  A d ­
m in is tr a t io n  in  o r d e r  t o  d e v e lo p  e n e r g y  im p r o v e m e n t  ta r g e ts  fo r  1 9 8 0 .  T h e  fir s t  
c h a p te r  is  c o n c e r n e d  w ith  a g e n e r a l d e s c r ip t io n  o f  th e  f o o d  in d u s tr ie s  in  th e
U .S . A . w it h  p a r t ic u la r  r e fe r e n c e  t o  th e  s tr u c tu r e  a n d  o p e r a t io n s ,  e n e r g y -u s e  
p a tte r n s  a n d  e n e r g y  c o n s e r v a t io n  a c h ie v e m e n t  a n d  p r o g r a m m e . T h e  m e t h o d ­
o lo g y  u s e d  t o  e s ta b l is h  an  e n e r g y  e f f ic ie n c y  im p r o v e m e n t  ta r g e t  is  d is c u ss e d  in  
C h a p te r  2 . T h e  th ir d  c h a p te r  is  c o n c e r n e d  w ith  a g en e ra l d e s c r ip t io n  o f  e n e r g y  
e f f i c i e n c y  im p r o v e m e n t  m e a su r e s  — ta b le s  s h o w  th e  e n e r g y  c o n s e r v a t io n  
te c h n iq u e s  a n d  p r o c e d u r e s  w h ic h  w e r e  c o n s id e r e d  d u r in g  th e  su r v e y . T h e  
c o n v e r s io n  fr o m  th e  u s e  o f  sc a r c e  e n e r g y  fo r m s  is d is c u ss e d  in  C h a p te r  4 .  
G o v e r n m e n t  r e g u la t io n s  ca n  d ir e c t ly  a f f e c t  th e  e n e r g y  u s e  r e q u ir e m e n ts  o f  
in d u s tr y  an d  th is  a s p e c t  is  r e v ie w e d  in  th e  n e x t  c h a p te r . T h e  e n e r g y  e f f i c i e n c y  
im p r o v e m e n t  ta r g e t w h ic h  s h o u ld  b e  a c h ie v a b le  b y  1 9 8 0  is d e f in e d  in  C h a p te r
6 . T h e  r e m a in in g  fo r ty -s e v e n  c h a p te r s  o f  th e  b o o k  g iv e  fo r  e a c h  in d u s tr y  a 
d e s c r ip t io n  o f  th e  s tr u c tu r e , e n e r g y  c o n s u m p t io n  p a tte r n s , e n e r g y  c o n s e r v a ­
t io n  a c h ie v e m e n t  a n d  p r o g r a m m e s , e n e r g y  e f f ic ie n c y  im p r o v e m e n t  a n a ly s is ,  
a n d  th e  t e c h n o lo g ic a l ,  e c o n o m ic  a n d  leg a l c o n s id e r a t io n s  a f f e c t in g  th e  in d u s tr y .  
In d u s tr ie s  d e sc r ib e d  in c lu d e  su gar a n d  su g a r  c o n f e c t io n e r y  p r o d u c t s ,  c o r n  
m ill in g  a n d  b a k e r  p r o d u c t s ,  p a s ta  p r o d u c t s ,  c e r e a l b r e a k fa s t  f o o d s ,  m e a t  
p a c k in g  a n d  m e a t  p r o d u c t s ,  f ish  a n d  s e a f o o d s ,  o ils  a n d  fa t s ,  m ilk  a n d  d a iry  
p r o d u c t s ,  p o u lt r y  a n d  eg g  p r o c e s s in g , p e t  f o o d ,  fr u it  a n d  v e g e ta b le s ,  s o f t  
d r in k s , w in e s  a n d  sp ir its , b e v e r a g e s , c h o c o la t e  a n d  c o c o a  p r o d u c t s ,  a n d  p ic k le s ,  
s a u c e s  a n d  sa lad  d r e ss in g s .

T h e  d a ta  p r e s e n te d  w ill  b e  o f  in te r e s t  t o  f o o d  m a n u fa c tu r e r s  in  th e  U n ite d  
K in g d o m , a n d  s o m e  e n g in e e r s  w ill  w is h  t o  a sc e r ta in  th e  p r a c t ic a b i l i ty  o f  
a p p ly in g  s u g g e s te d  sa v in g s  m e a su r e s  in  th e ir  fa c to r ie s .

T w o ,  p e r h a p s  m in o r , c r it ic ism s  o f  th e  b o o k  are th e  la c k  o f  an  in d e x  a n d  th e  
q u a li ty  o f  th e  p r in t in g . F o r tu n a te ly  e a c h  in d u s tr y  c h a p te r  h a s  a s im ila r  fo r m a t  
a n d  t h e r e fo r e  th e  re q u ir e d  in fo r m a t io n  c a n  b e  fo u n d  b y  r e fe r e n c e  t o  th e  ta b le  
o f  c o n t e n t s .  In  o r d e r  t o  k e e p  th e  p r ic e  o f  th e  b o o k  t o  a r e a s o n a b le  le v e l  th e  
p u b lis h e r s  h a v e  r e p r o d u c e d  b y  p h o t o  o f f s e t  d ir e c t ly  fr o m  th e  o r ig in a l t y p e ­
w r it te n  r e p o r t  an d  u n f o r t u n a t e ly  th e  q u a li ty  o f  p r in t in g  le a v e s  m u c h  t o  b e  
d e s ir e d .

T h is  r e fe r e n c e  b o o k  c a n  b e  r e c o m m e n d e d  as d e s ir a b le  r e a d in g  b y  f a c t o r y  
m a n a g e m e n t  r e s p o n s ib le  fo r  th e  e f f i c ie n t  u t i l iz a t io n  o f  e n e r g y  r e s o u r c e s .

D. B lackburn
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T h e  a u th o r  h a s  s u r v e y e d  th e  U .S . a n d  B r it ish  p a te n t  lite r a tu r e  o f  th e  la s t  
t w e n t y  y e a r s  o r  s o ,  w h ic h  h e  d e sc r ib e s  as ‘th e  la r g e st  a n d  m o s t  c o m p r e h e n s iv e  
c o l le c t io n  o f  te c h n ic a l  in fo r m a t io n  in  th e  w o r ld ’. T h is  is  th e  fir s t o f  m a n y  
erro rs, s in c e  p a te n ts  b y  a n d  large are n o t  in te n d e d  to  im p a r t te c h n ic a l  d a ta , o r  
e v e n  d e f in e  a p r o c e s s  c lo s e ly ;  th e y  are d e s ig n e d  t o  p r o t e c t  in v e n t io n s  fr o m  
c o m p e t i t io n ,  e v e n  i f  t h e y  o n ly  e x i s t  in  th e  im a g in a t io n  o f  th e  in v e n to r . T h is  
m isu n d e r s ta n d in g  ru n s t h r o u g h o u t  th e  b o o k ,  a n d  s e t s  i t s  to n e .  A s  a r e s u lt ,  
w h ile  th e  c o v e r a g e  is q u ite  g o o d ,  th e  s ta n d a r d  o f  r e v ie w in g  is v e r y  v a r ia b le .  
T h e r e  is  a g o o d  d e a l o f  in tr ic a te  d e ta il  d e sc r ib in g  in d iv id u a l p r o c e s s e s ,  o f t e n  
in c lu d in g  r e su lts  th a t  are q u ite  u n r e p e a ta b le . A  g o o d  e x a m p le  o f  th is  is a g rap h  
o n  p . 1 7  w h ic h  is  s u p p o s e d  t o  i llu s tr a te  th e  ‘c o u r se  o f  f e r m e n t a t io n ’, s o m e th in g  
w h ic h  w ill  in  fa c t  v a ry  w ith  th e  so u r c e  a n d  v a r ie ty  o f  te a  as w e ll  as w ith  
d if f e r e n c e s  in  p r o c e s s in g . A n o th e r  r e su lt  o f  th e  a lm o s t  v e r b a t im  a c c o u n t  o f  
p a te n t  c la im s  is th e  u n w a r r a n te d  im p lic a t io n  o f  p r e c is io n  a n d  r e p r o d u c ib i li ty .

A  c o n c is e  su m m a r y  o f  th e  p r in c ip le s  a n d  m e c h a n ic s  o f  e a c h  p r o c e s s ,  
fo l lo w e d  b y  a fe w  g e n e r a liz e d  an d  c r it ic a l d e s c r ip t io n s  fr o m  p a te n t s ,  w o u ld  
h a v e  b e e n  m o r e  s u ita b le  in  su c h  a r e v ie w , b u t  in  fa c t  n o  c r it ic ism  is m a d e  o f  th e  
p a t e n t e e ’s c la im s . M o r e o v e r  it is  u n fo r tu n a te  th a t  th e  a u th o r  h a s  fa i le d  to  
a c h ie v e  h is  in t e n t io n  o f  e l im in a t in g  ‘leg a l ja r g o n  a n d  ju r is t ic  p h r a s e o lo g y ’ 
fr o m  th e  p a te n ts ;  in s te a d  th e y  are serv ed  u p  in  a la r g e ly  u n d ig e s te d  fo r m , fu ll  
o f  su c h  p h ra ses  as ‘p r e fe r a b ly ’, ‘b e tw e e n  — a n d  — ’, a n d  ‘s u b s t a n t ia l ly ’. T h e  
la s t is  p a r t ic u la r ly  o b je c t io n a b le  w h e n  it a p p ea rs  as ‘s u b s ta n t ia lly  c o m p le t e ly  
e l im in a t e d ’ (p .  2 0 7 ) .

In d iv id u a l p a te n ts  h a v e  b e e n  r e p r o d u c e d  m o r e  o r  le ss  in t a c t ,  a n d  are  
a rran ged  s e q u e n t ia l ly  s o  th a t  l i t t le  a t t e m p t  h a s  b e e n  m a d e  to  c o r r e la te  a n d  
in te g r a te  th e  d a ta  c o n t a in e d  in  d if f e r e n t  p a te n ts .  B e c a u s e  o f  th is  s o m e  s e c t io n s  
c o n t a in  m a te r ia l w h ic h  w o u ld  h a v e  b e e n  p la c e d  b e t t e r  e ls e w h e r e .

T h e  a u th o r ’s fa ilu r e  to  b e  c r it ic a l h a s  led  h im  in to  fa c tu a l  errors in  sev era l 
p la c e s . I t is  n o  v a lid  e x c u s e  th a t  th e s e  errors are o r ig in a lly  th e  fa u lt  o f  th e  
p a te n te e s .  T h is  b o o k  s h o u ld  h a v e  f i l le d  a gap  in  th e  l ite r a tu r e , fo r  w e  b a d ly  
n e e d  a g o o d  m o d e r n  tr e a t is e  o n  te a  t e c h n o lo g y .  R e g r e tta b ly  in  o u r  o p in io n ,  
M r P in ta u r o  h a s  fa ile d  t o  p r o v id e  th is .

T e a  an d  S o lu b le  T e a  P r o d u c ts  M a n u fa c tu r e . N . D . P in ta u r o .
N e w  J e r se y :  N o y e s  D a ta  C o r p o r a t io n , 1 9 7 7 .  P p . x i i  +  2 6 1 .  U .S . $ 3 6 .

G. V. Stagg
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C o o lin g  T e c h n o lo g y  in t h e  F o o d  In d u s tr y . A . C io b a n u , G . L a sc u , V . B e r c e sc u  
and  L . N ic u le s c u .
T u n b r id g e  W ells: A b a c u s  P ress , 1 9 7 6 .  P p . 5 0 0 .  £ 1 6 .5 0 .

T h is  su b s ta n t ia l  b o o k  is  a r e v is io n  b y  th e  s e n io r  a u th o r  o f  Frigid A r tific ia l in 
Fabricarea §i conserverea P roduselor A lim en ta re , f ir s t  p u b lis h e d  b y  E d itu r a  
T e c h n ic a , B u c h a r e s t ,  in  1 9 7 1 ,  tr a n s la te d  in t o  E n g lish  b y  M r C io b a n u  and  
M r C . S tu r z a , w ith  D r J o h n  H a m m e l a c t in g  as tr a n s la t io n  e d ito r .  T h e  t e x t  is , 
b y  a n d  la rge , c le a r  a n d  r e a d a b le , th o u g h  o n e  d o e s  f in d  a m in o r  a s p e r ity  in  
la n g u a g e  o n , p e r h a p s , e v e r y  o th e r  p a g e .

T h e  b o o k  is  d iv id e d  in to  th r e e  m a in  s e c t io n s :  S c ie n t i f ic  B a c k g r o u n d , G e n era l  
S y s te m s  A p p lie d  in  F o o d  R e fr ig e r a t io n  a n d  A p p lic a t io n s .  In th e  fir s t a n d  
s h o r te s t  s e c t io n ,  in  t w o  c h a p te r s , th e  a u th o r s  d is c u ss  th e  b io c h e m ic a l ,  b io ­
lo g ic a l ,  n u tr it io n a l  a n d  p h y s ic a l  c h a n g e s  o c c u r r in g  in  s to r e d  f o o d s  a n d  th e  
e f f e c t  o f  te m p e r a tu r e  t h e r e o n . In th e  s e c o n d  s e c t io n  th e r e  are c h a p te r s  d e v o te d  
in  tu rn  t o  c h il l in g ,  f r e e z in g , air c o n d it io n in g  a n d  fr e e z e  d r y in g  — to g e th e r  w ith  
a p a r t ic u la r ly  sh o r t  c h a p te r  (b a r e ly  e ig h t  p a g e s  o f  t e x t )  c o v e r in g  tr e a tm e n ts  
w h ic h  m ig h t  b e  c o m b in e d  w ith  r e fr ig e r a tio n . H a lf  o f  th is  c h a p te r  is  d e v o te d  to  
m o d if ie d  a tm o s p h e r e  s to r a g e , w h ile  in  th e  r e s t ,  v a c u u m  p a c k a g in g , d e h y d r o ­
fr e e z in g , b la n c h in g , c h e m ic a l  a n d  a n t ib io t ic  tr e a tm e n ts  a n d  ir r a d ia t io n  are  
d is m is s e d .

T h e  f in a l  s e c t io n  (w h ic h  c o m p r is e s  h a l f  th e  b o o k )  is  w r it te n  o n  a c o m m o d it y  
b a s is  a n d  in c lu d e s  c h a p te r s  o n :  M ea t a n d  M ea t P r o d u c ts , P o u ltr y ,  F is h  a n d  F ish  
P r o d u c ts , M ilk  a n d  D a ir y  P r o d u c ts , E g g s , F r u its  a n d  V e g e ta b le s ,  Ic e  C rea m , 
P rep ared  F o o d s  a n d  F e r m e n te d  B e v e r a g e s , to g e th e r  w ith  a c h a p te r  o n  v a r io u s  
p r o d u c ts  n o t  in c lu d e d  in  th e  a b o v e  c a te g o r ie s  an d  a n o th e r  o n  T h e  C o ld  C h a in .

T h e  a p p r o a c h  is th a t  o f  th e  fo o d  t e c h n o lo g is t ,  r a th er  th a n  th e  r e fr ig e r a tio n  
e n g in e e r . F o r  in s ta n c e ,  in  th e  c h a p te r  o n  fr u its  a n d  v e g e ta b le s  th e r e  are s e c t io n s  
o n  th e  s e le c t io n  o f  raw  m a te r ia ls , c le a n in g , p e e lin g , b la n c h in g , p r o t e c t iv e  
a d d it iv e s  a n d  q u a li ty  c o n t r o l  -  s e c t io n s  in  w h ic h  c o o l in g ,  as s u c h , is  h a r d ly  
m e n t io n e d .  In  w r it in g  a w id e -r a n g in g  b o o k  s u c h  as th is ,  o n e  m u s t  d e c id e  in  
a d v a n c e  w h a t it  is  t o  b e  a s su m e d  th a t  th e  rea d er  a lr e a d y  k n o w s . T h e  a u th o r s ,  
p a r t ic u la r ly  in  th e ir  in tr o d u c to r y  s e c t io n ,  d o  n o t  r e a lly  c o m e  t o  g r ip s  w ith  th is  
p r o b le m . T h e  te r m s  ‘s o lu t e ’ a n d  ‘s o lv e n t ’ are g iv e n  fo r m a l d e f in i t io n s ,  y e t  a 
fe w  p a g e s  la te r  ‘c o l l ig a l iv e ’, ‘d e n d r it e ’ a n d  ‘e v a n e s c e n t  s p h e r u l i t e ’ are in tr o ­
d u c e d  w it h o u t  a n y  e x p la n a t io n  as t o  th e ir  m e a n in g . H o w e v e r , th e  rea d er  w ith  
e v e n  an e le m e n ta r y  k n o w le d g e  o f  f o o d  t e c h n o lo g y  s h o u ld  h a v e  n o  p r o b le m  
w ith  th e  t e x t .

R a th e r  u n u s u a l ly ,  fo r  a te c h n ic a l  b o o k  p u b lis h e d  in  E n g la n d  t o d a y ,  C .G .S . 
u n it s  are e m p lo y e d  th r o u g h o u t .  A n  a p p e n d ix  l is ts  c o n v e r s io n  fa c to r s  b e t w e e n  
C .G .S .,  S .I . a n d  Im p er ia l m e a su r e s . O th e r  a p p e n d ic e s  g iv e  a ta b le  o f  th e  
e n th a lp ie s  o f  a v a r ie ty  o f  f o o d s  o v e r  th e  te m p e r a tu r e  ra n g e  + 3 0  t o  — 3 0 ° C 
t o g e th e r  w ith  M o ll ie r  a n d  C arrier  P s y c h r o m e tr ic  C h a rts  ( th is  la s t  b e in g  in  
Im p e r ia l u n it s ) .  S y m b o ls  u se d  in  m a th e m a t ic a l  s e c t io n s  o f  th e  w o r k  are
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v a r io u s ly  d e f in e d  in  th e  t e x t  o r  l is te d  a t th e  end  o f  th e  a p p r o p r ia te  s e c t io n  -  
w h ic h  ca n  c a u se  s o m e  c o n f u s io n  a t f ir s t  r ea d in g .

C o p io u s  r e fe r e n c e s  are g iv en  th r o u g h o u t  t o  p u b lis h e d  s o u r c e s  — b o t h  to  
g en e ra l t e x t s  a n d  s p e c ia l is t  o r ig in a l p a p e r s . In th e  ea r lier  s e c t io n s  s o m e  o f  th e  
r e fe r e n c e s  to  g en e ra l t e x t s  a re , u n f o r t u n a t e ly ,  t o  w o r k s  in  R o m a n ia n . O n e  
w o u ld  h a v e  th o u g h t  th a t ,  in  p r ep a r in g  a w o r k  fo r  E n g lish -sp e a k in g  re a d e r s , 
e q u iv a le n t  t e x t s  in  E n g lish  c o u ld  h a v e  b e e n  c i t e d .  O n  th e  o th e r  h a n d , t h e  re ­
sea rch  c i ta t io n s  are la r g e ly  t o  w o r k s  in  E n g lis h , F r e n c h  a n d  G e r m a n . S u r­
p r is in g ly  f e w  r e fe r e n c e s  t o  E a ste r n  E u r o p e a n  p u b l ic a t io n s  are g iv e n .

In  rev is in g  th e  t e x t ,  th e  c i ta t io n s  h a v e  b e e n  b r o u g h t  u p  to  th e  y e a r  1 9 7 5 .  
T a k in g , at r a n d o m , th e  c h a p te r  o n  f r e e z in g , a lm o s t  40 %  o f  th e  1 9 7  r e fe r e n c e s  
are fr o m  th e  p e r io d  1 9 7 2 —7 5 .  Y e t ,  e v e n  w ith  th is  e x te n s iv e  r e v is io n , th e  b o o k  
h a s  ra th e r  a tr a d it io n a l  a ir . F o r  in s ta n c e ,  th e  s e c t io n  o n  fr e e z in g  t im e s  d is c u ss e s  
P la n c k ’s e q u a t io n  fo r  fo u r  p a g e s , y e t  d is m is s e s  c o m p u te r  m e t h o d s  o f  fr e e z in g  
t im e  e s t im a t io n  in  t w o  l in e s  a n d  th r e e  r e fe r e n c e s . T h e r e  is  l i t t le  d is c u s s io n  
o f  th e  l im ita t io n  o f  P la n c k ’s e q u a t io n  n o r  is  it  a p p r e c ia te d  th a t  th e  fo r m u la t io n  
g iv e n  in  e q u a t io n  4 .5  e m b r a c e s  t h o s e  g iv e n  in  e q u a t io n s  4 .3  a n d  4 .6 .  I n d e e d ,  
th r o u g h o u t  th e  b o o k  th e  s m e ll  o f  th e  p a s te  an d  th e  sn ip  o f  th e  sc is so r s  is m o r e  
in  e v id e n c e  th a n  an in d e p e n d a n t  r e -a s se s sm e n t o f  th e  p u b lis h e d  l ite r a tu r e . 
N e v e r th e le s s ,  ev e n  th e  e x p e r ie n c e d  rea d er  s h o u ld  f in d  th is  a u s e fu l  b o o k  fo r  
g en e ra l r e fe r e n c e .

T h e  v o lu m e  i t s e l f ,  w h ic h  h a s  b e e n  p r o d u c e d  in  R o m a n ia , is w e l l  p r in te d  a n d  
b o u n d  b u t ,  a la s , is  in n o c e n t  o f  an  in d e x .

N. D. Cow ell
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D e v e lo p m e n ts  in F o o d  C a r b o h y d r a te s . E d . b y  G . G . B irch  an d  R . S . S h a lle n -  
b erg er .
L o n d o n :  A p p lie d  S c ie n c e  P u b lish e r s , 1 9 7 7 .  P p . x +  1 9 9 . £ 1 2 .5 0 .
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Bespoke flavours
T h a t "olde w o rld e"  ch a r m  o f  th e  

b e s p o k e  ta ilo r  is  fa st b e c o m in g  e x t in c t  
- n o t  s o  th e  b e s p o k e  fla v o u r  m ak er .
T h e  ta ilo r -m a k in g  o f  c o n f e c t io n e r y  
fla v o u rs  is  o u r  b u s in e s s .

W e a t B a rn ett a n d  F o ste r  a re  o n ly  to o  
a w a re  o f  c h a n g in g  tr e n d s  in  ta s te s .  
O v e r  100 y e a r s  e x p e r ie n c e  h a s  ta u g h t  
u s  to  m e e t  s u c h  d e m a n d s .

O n  t h e  t i p  o f  y o u r  l o n g u e

F rom  sta rt to  p e r fe c t  fin ish , w e  o ffe r  
a p e r so n a l s e r v ic e  s e c o n d  to  n o n e .  T h a t  
w a y , w e  a rr iv e  a t a fla v o u r  th a t  n o t  
o n ly  fits  th e  b r ie f, b u t is  a ls o  u n iq u e  -  
e v e r y  tim e.

W h e n  y o u 'r e  n e x t  te s t in g  f la v o u r s ,  
tr y  o u rs  fo r  s iz e . W e k n o w  y o u ’ll b e  
fa v o u r a b ly  im p r e sse d .
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