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V o la tile  c o n s t i tu e n ts  o f  w h ite  b re a d  c ru s t

D. J. FOLKES* a n d  J. W. GRAMSHAWf

Summary
A total of 190 volatile components were identified in essences prepared from 
white bread crust (in twenty cases the identification is provisional only); of 
these compounds, ninety-seven have not previously been reported as consti
tuents of white bread. A limited number only, of the compounds now reported, 
may be partially responsible for the crusty notes which are present in bread 
aroma.

Introduction
In view of continuing interest in the volatile constituents of foodstuffs, we wish 
to record the preliminary results of our investigations into bread aroma. A de
tailed report, together with an assessment of the aroma of bread crust essences 
and the contribution which identified components make to the collective 
aroma, will appear later.

Freshly baked bread derives its characteristic aroma and, to a lesser extent, 
its flavour from volatile compounds formed during fermentation and baking. 
Indeed as Baker, Parker & Fortmann(1953) emphasized, fermentation followed 
by the formation of a brown crust is essential to the development of a full 
aroma and flavour. Thus, a conventionally fermented dough may be ‘baked’, by 
internal electrical resistance heating, without formation of a crust, but the pro
duct has a mild yeasty flavour, deficient in aroma (Baker & Mize, 1939). Simi
larly, chemically leavened doughs, when subjected to normal oven baking, have 
been reported to yield breads having very bland flavours (Miller, McWilliams & 
Matz, 1959; Wiseblatt & Kohn, 1960; Jackel & Ersoy, 1961) or no flavour 
(Chichester, Sharrah & Simone, 1960; Simone, Sharrah & Chichester, 1962). 
These, and other aspects of bread flavour formation are fully described in a 
comprehensive review by Collyer (1964).
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Compounds formed during fermentation and by Maillard-type reactions in 
the crust during baking doubtless contribute directly to the overall aroma of 
bread. However, it seems almost certain that organoleptically important consti
tuents are formed by reactions which occur in the browning crust and involve 
precursors derived by fermentation. Experiments involving model systems (S.K. 
Berry & J.W. Gramshaw unpublished) support this view and have indicated that 
both acidic and non-acidic constituents of dough are important in the genera
tion of crusty aromas.

Modern plant-produced bread is often considered to be somewhat deficient 
in flavour and aroma, this probably being a reflection of the short baking 
period normally employed which is insufficient for full flavour development, 
although adequate quantities of the relevant precursors may well be present. 
This investigation was therefore undertaken in an attempt to identify volatile 
compounds present in bread crust and, in particular, those responsible for 
crusty bread-like aroma notes. Such knowledge is essential before the forma
tion of bread aroma can properly be understood and any logical attempt made 
to increase the flavour of bread produced in plant bakeries. It was thus appro
priate to choose baking conditions as close as possible to those used for a tradi
tional loaf.

Crust rather than whole bread was chosen for the preparation of essences, 
because, as the site at which organoleptically important constituents of the 
aroma complex form during baking, it contains these materials in highest initial 
concentration and thus much less material needs to be processed. It is necessary, 
however, to separate the crust before an appreciable proportion of these vola
tiles have an opportunity to migrate into the crumb. Use of crust alone gives a 
further advantage in that it produces essences which contain a much smaller 
proportion of the major fermentation volatiles, although ethanol and amyl 
alcohol nevertheless remain very prominent constituents of crust essences.

Materials and methods
P rep ara tio n  o f  b rea d  c ru s t essences

Bread was produced using a standard formulation specifying flour, water, 
yeast and salt only. Initially, bleached flour was used,but in later experiments the 
flour was unbleached. The dough was bulk fermented, split, proved and baked 
as Coburgs (which are large round crusty loaves, normally baked on the oven 
sole or on a flat metal tray), rather than in a deep metal baking container, so 
that the maximum proportion of crust was formed. Baking time, in steam, was 
40-45  min, i.e. well beyond the 25-35 min of commercial practice, in order 
to provide a thick dark brown crust of optimum flavour. Volatile constituents 
were isolated in a number of ways, of which the following was strongly pre
ferred. As soon as possible after baking, the crust was separated from the 
crumb, finely comminuted and extracted with purified diethyl ether. Acidic



V o l a t i l e  c o n s t i t u e n t s  o f  w h i t e  b r e a d  c r u s t 3

components, which otherwise complicate the GLC pattern and interfere in the 
subsequent mass spectrometric examination, were removed from the ethereal 
extract and examined separately. Removal of acids and water was achieved 
simultaneously by stirring with a mixture of anhydrous sodium carbonate and 
anhydrous sodium sulphate. Solids were removed by filtration and the extract 
was freed of ether and subjected to vacuum distillation in a closed system at a 
pressure of 0-01 Torr using the apparatus described by Lea, Swoboda & 
Hobson-Frohock (1967).

The distillate thus obtained was a pale yellow oil which retained its powerful 
crusty, bread-like aroma for considerable periods when stored at —20°C.

Absence of acids from the essence produced only a minor change in the 
overall aroma, although the isolated acidic fraction possessed a rich burnt note 
which probably contributes to a small extent to the total aroma of bread.

Instrumental examination o f  bread crust essences
In the early stages of the investigation, bread essences were subjected to 

gas-liquid chromatography (GLC), using a variety of stationary phases. A 
linearly temperature programmed oven and either a flame ionization detector 
(FID) or an electron capture detector (ECD) were employed and identification 
of constituents was made by comparison of their retention data with those of 
reference compounds. Certain major components were recovered from column 
effluents by trapping and the identities of these were confirmed from infrared 
spectra. A double beam grating instrument (Perkin-Elmer 237) was used and 
each sample was presented in solution (microcell) or as a film on a sodium 
chloride plate.

Later, essences were examined by linked gas-liquid chromatography—mass 
spectrometry (GLC—MS), using a fast scanning low-resolution mass spectro
meter (Cronin, Nursten & Woolfe, 1972—73) and the identities of a 
considerable number of components were thus established (or confirmed) 
by comparison of their mass spectra and retention data with those of reference 
compounds. In this connection, porous layer open tubular (PLOT) columns 
(Cronin, 1970) and wide bore capillary columns, coated with a selection of 
stationary phases, were extensively employed, usually in conjunction with a 
FID. Further valuable information was gained by the use of element-specific 
chromatographic detectors. A nitrogen-specific alkali FID (AFID) and a flame 
photometric detector (FPD), used in the sulphur mode, were separately 
employed in conjunction with GLC—MS. GLC was also performed using both 
detectors simultaneously by splitting the effluent between them.

Sensory examination o f  bread crust essences
In addition to instrumental examination, effluents from the columns most 

frequently used were submitted to ‘nasal appraisal’. This was performed by
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splitting the effluent between the instrumental detector and an odour port and 
writing descriptions of odour notes, as they emerged, on the chromatogram. In 
this way, particular odour notes were associated with the appropriate regions of 
the chromatogram and the most important regions were selected for more in
tensive study.

Nasal appraisal was also carried out in conjunction with the AFID and the 
FPD in order to correlate the elution of compounds containing nitrogen and/or 
sulphur with regions of bread-like aroma.

Results
Constituents identified in bread crust essences

The compounds which were detected in bread crust essences are listed in 
Table 1. Identities were assigned on the basis of retention data, positive 
responses (where relevant) to element-specific detectors and, in almost all cases 
except carboxylic acids and phenol, by mass spectra. A few major components 
(19, 2 3 -25 , 68, 70, 75, 77, 83, 112, 119, 120, 122) were also recognized on 
the basis of their infrared spectra. In a few cases identification is tentative, 
either because authentic compounds were not available for comparison or 
because the constituents were present at levels too low to give an unequivocal 
mass spectrum. Such exceptions are indicated in Table 1.

Sensory evaluation o f  essences
When the essences were subjected to nasal appraisal, a very large number of 

distinct aroma notes were perceived, very many of which had no obvious rela
tionship to bread aroma although in total they may exert a minor influence on 
the overall aroma. However, twelve regions of the chromatograms were clearly 
associated with distinct and strong bread-like aroma notes. These, and the com
pounds associated with them, will be described in a later publication.

Discussion and conclusion
Several isolation techniques were examined in addition to that described above. 
This method was selected because it gave the optimum recovery of volatiles im
portant to bread crust aroma, as judged on the basis of the following criteria:

(a) the resulting essence had the strongest overall crusty aroma;
(b) the resulting essence revealed the greatest number of bread-like aroma 

notes upon nasal appraisal and these notes were also more intense than those 
from essences prepared in other ways;
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(c) the extracted crust had the weakest residual bread-like odour.
It also gave an essence free of non-volatile material, thus reducing the pos
sibility of artefact information upon injection as well as permitting a greater 
degree of concentration.

A total of 170 compounds were identified in bread crust essences and a 
further twenty were provisionally identified. Of these, twenty-four have 
already been found in rye bread or crispbread, but not in white bread, and 
seventy-three have not previously been reported in wheat or rye breads 
(Table 1). Previously recorded volatile constituents of breads have been sum
marized by Maga (1974) and by Rothe (1974). The intricacy of gas chromato
graphic traces derived from the essences and the complexity of many of the 
mass spectra recorded during the investigation indicate, however, that many 
more compounds remain to be identified.

Nasal appraisal of bread crust essences during gas chromatography indicated 
twelve distinct, well separated, regions of the chromatogram to be associated 
with crusty or bread-like aroma notes. Hunter et al. (1969) detected only two 
regions of biscuit-like aroma during chromatography of white bread volatiles 
isolated via bisulphite complexes and Mulders (1973) found only one region of 
the gas chromatographic effluent to contain crusty or bread-like aroma notes. 
Bread aroma, therefore, appears to be a much more complex problem than may 
previously have been supposed.

The structural feature,

I /
c h 3—  c — c —

o
I

where the nitrogen atom (and in most cases, the adjacent carbon atom) forms 
part of a heterocycle is present in a number of compounds, many of which ex
hibit sponge cake-, biscuit- or cracker-like aromas in dilution. One of these 
compounds, 1,4,5,6-tetrahydro-2-acetylpyridine, has been claimed (Hunter et 
al., 1969) to occur in and contribute to the aroma of American white pan 
bread. However, 1,4,5,6-tetrahydro-2-acetylpyridine was not detected in bread 
crust during the present investigation, although an isomer, tetrahydro-3-acetyl- 
pyridine, was tentatively identified and may contribute to the aroma of bread 
crust. Slight evidence only was also obtained for the presence of 2-acetylpyri- 
dine, which is known (Buttery et al., 1971) as a breakdown product of 1,4,5,6- 
tetrahydro-2-acetopyridine and has a similar, although weaker, aroma. The 
aroma of 2-acetylthiazoline, a component of beef broth, has been described as 
bread-like (Tonsbeek, Copier & Plancken, 1971). The present authors, however, 
consider that it is an aroma typical of compounds possessing the partial struc
ture I, rather than truly bread-like in character. Inconclusive evidence only was 
obtained relating to the presence of 2-acetylthiazoline in crust essences.
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Compounds of the type represented by structure I do occur in bread crust 
and, bearing in mind that other compounds present may exert a marked syner
gistic effect, they may well account for a part of the characteristic bread aroma 
complex. It seems reasonable, however, to suppose at this stage that much of 
bread aroma, particularly the crusty notes, may be due to compounds other 
than those which possess the partial structure I.
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M e th y la te d  a m in o  ac id s as in d ices  in  m e a t p ro d u c ts
II. Further examination of protein sources and the practical application of 
methylamino acid titres in predicting meat content

W. R. D. RANGELEY and R. A. LAWRIE

Summary
The content of protein-bound 3-methylhistidine (in relation to total nitrogen) 
was determined in a number of proteins. The titre was higher in chicken and 
turkey, lower in clupeine and elasmobranch fish, than the value hitherto found 
to be characteristic of mammalian flesh. 3-methylhistidine was present in offal 
in which muscular tissue was a minor constituent. The amino acid was absent 
from products fabricated from non-meat proteins; but Ne-methyllysine was 
found in some of these.

Certain meat products contain substances which interfered with the deter
mination of 3-methylhistidine. This difficulty was overcome by prior dialysis 
and solvent extraction, permitting the use of the 3-methylhistidine titre to 
evaluate lean meat content.

Introduction
In the previous paper (Rangeley & Lawrie, 1976), titres of protein-bound
3-methylhistidine were found to be similar for all common meat species examined 
Additionally, soluble 3-methylhistidine, possibly in the form of a dipeptide 
(in conjunction with (3-alanine), was identified in samples of pork and whale. 
This was readily removed by a prior washing procedure, to leave residual levels 
characteristic of protein-bound 3-methylhistidine. The titre of Ne-methyllysine 
showed a greater variation within a species. Before either or both methylamino 
acids could be recommended as unequivocal indices of meat content, other 
muscle sources require examination.

It is thought that, although the 3-methylhistidine content of actin is con
stant (Johnson, Harris & Perry, 1967; Asatoor & Armstrong, 1967), that of 
myosin is rather more dependent on muscle type, and indeed higher 3-methyl-

Authors’ address: Food Science Laboratories, Department of Applied Biochemistry and 
Nutrition, University ofNottingham School of Agriculture, Sutton Bonington, Loughborough, 
Leics. LE12 5RD.
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histidine levels are found in white than red skeletal muscle (Johnson & Perry,
1970), whilst 3-methylhistidine is absent from cardiac and foetal myosins 
(Kuehl & Adelstein, 1970). Furthermore, since the basic premise demands the 
absence of methylamino acids from non-meat proteins, and although their 
presence has not yet been established in such sources (Rangeley & Lawrie, 
1976; Hibbert & Lawrie, 1972), extended examination of products fabricated 
from non-meat protein to simulate meat is clearly important.

Such considerations form the basis of the present paper.

Materials
All meat samples were obtained fresh from the local butcher. Chicken and 
turkey samples were obtained frozen. Products fabricated from non-meat pro
tein and meat products were donated privately.

Methods
The identification and determination o f  methylamino acids in miscellaneous 
animal sources

Samples of rabbit, chicken, turkey, fish species and meat offals were pre
pared for analysis by ion exchange chromatography for methylamino acid 
content by the method of Rangeley & Lawrie (1976).

The identification and determination o f  methylamino acids in vegetable 
protein products

The examination of such products was carried out on the dehydrated form. 
The meat-like chunks were first crushed to a powder, and methylamino acid 
analysis carried out on both the intact material and its protein fraction isolated 
by precipitation. The latter step was performed by solubilizing the crushed 
powder at pH 12 using cone. NaOH, and subsequently reprecipitating and 
isolating the protein residue by the addition of cone. HC1 to pH 4, followed 
by centrifugation.

Portions of both the crushed whole powder and the isolated protein residue 
were then hydrolysed as for meat samples (Rangeley & Lawrie, 1976). The 
hydrolysate was reduced in volume to 5 ml, using a rotary evaporator, and a 
2 ml aliquot taken for ion exchange chromatography. The eluant fractions 
corresponding to the suspected methylamino acid peaks eluting after lysine and 
histidine were collected and reduced in volume. Analysis of these eluant 
fractions by ion exchange chromatography was carried out, both on the fraction 
alone and in the presence of a known concentration of the respective methyl
amino acid. In order to lessen interference with the methylamino acid 
determinations, an alternative extraction procedure was employed for the 
further examination of samples C, D and H (Table 5).

A 20-g powdered portion was homogenized with 60 ml distilled water for
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1 min. The solution was centrifuged at 30 000 g for 30 min. After discarding 
the supernatant the residue was homogenized with 4 vol. 75% ethyl alcohol in
0.1 n HC1 for 1 min, and recentrifuged. The residue was suspended in 5 vol. 
acetone for 3 hr, centrifuged and homogenized in 5 vol. acetone for 1 min. This 
latter operation was repeated twice, and after centrifugation, the powder was 
dried at 45—50°C. Aliquots of the powder were then taken for hydrolysis and 
nitrogen determination. A 0.5-g sample was hydrolysed (200 ml 6 N HC1 for 
72 hr), and a 2-ml aliquot of the volume reduced hydrolysate (6 ml) analysed 
by ion exchange chromatography.
The identification and determination o f  methylamino acids in retail meat 
products

From previous experiments (Rangeley & Lawrie, 1976) and from preliminary 
investigations carried out in the present study using a pork sausage sample, the 
need for prior dialysis and washing treatments with certain meat products of 
unknown composition was evident.

Such a treatment was initially employed for the examination of sausage 
samples (A -F ), and pie samples (A—F). A 20-g portion, taken from the sum 
contents of six similar samples, was homogenized in 3 vol. distilled water for 2 
min, and the resulting suspension dialysed against distilled water for 24 hr. 
After centrifugation the residue was again placed in 3 vol. distilled water and 
homogenized. This procedure was repeated twice more, and aliquots of the resi
due taken for hydrolysis and the determination of collagen and nitrogen.

When a 2-ml aliquot of the total hydrolysate (6 ml) for each sausage sample 
was analysed by ion exchange chromatography, only the presence of a 
Ne-methyllysine peak was noted: most surprisingly no 3-methylhistidine peak 
was evident. The addition of known amounts of both methylamino acids con
firmed this observation. In contrast, pie samples (A—F) (Table 7), given a 
similar washing procedure (the dialysis stage was omitted), contained both Ne- 
methyllysine and 3-methylhistidine.

Since it was evident that a pre-dialysis and washing procedure did not permit 
a determination of 3-methylhistidine content in sausages, an alternative extrac
tion procedure, as used for the previous examination of non-meat protein 
products, was considered. The procedure was similar to that previously described, 
except that the pre-dialysis treatment was still employed. Aliquots of the resul
tant protein powder were taken for hydrolysis, collagen determination and 
nitrogen determination. All sausage samples (A—F) were examined by this 
method, as were beefburger and rissole samples.

Results
The 3-methylhistidine and N e-methyllysine content o f  samples from animal 
sources

From the results in Tables 1 and 3, the 3-methylhistidine titres of rabbit 
and gadoid fish species are seen to be similar to those of beef and lamb (i.e.
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Table 1. 3-methylhistidine and Ne-methyllysine in rabbit, chicken and turkey muscles

Sample
3-methyl
histidine 
(mg/g N)

^-methyl- 
lysine 
(mg/g N)

Ratio 
3-mehis. : 
Ne-melys.

Rabbit (thigh) A 6.35 2.81 4.19 2.26 1.52
Rabbit (thigh) B 4.82 2.86 1.68
Chicken (leg) A 10.28 1.86 1.29 5.53 7.97
Chicken (leg) A
washed x3isarcoplasmic 9.46 - -
Chicken (leg) B 6.15 3.87 1.62
Chicken (breast) 8.44 3.16 2.67
Turkey (breast) A 7.44 ' 2.15 3.46
Turkey (breast) B 8.15 2.43 3.35

All titres are mean values calculated from duplicate determinations.

5—6 mg/g N). Those of clupeine and elasmobranch species have a lower 
3-methylhistidine content (3.8—4.8 mg/g N), both before and after fat extrac
tion. However, after the extraction of fat by hexane, titres of 3-methylhistidine 
increased by a similar order in one sample of fatty and non-fatty species exam
ined (Table 3).

The 3-methylhistidine contents of chicken and turkey, however, are mark
edly higher than those of beef and lamb, varying from 6 to 10 mg/g N. Prelimin
ary washing did not lower these values, suggesting that, unlike pig and whale 
muscles, this is not due to the presence of non-protein bound 3-methylhistidine. 
Further studies with hot water extracts taken from rabbit, chicken and turkey 
also did not indicate the presence of a 3-methylhistidine dipeptide (Tables 2b, 
2c and 2d). In all three samples the only histidine dipeptides identified were 
camosine and anserine (/3-alanyl-l-methylhistidine). 3-methylhistidine, as ex
pected, was not present in the hot water extracts of chicken and rabbit when 
examined by ion exchange chromatography (Table 2a). However, soluble 
3-methylhistidine was indicated in the hot water extract of turkey, prior to 
hydrolysis, but not after. This finding is difficult to explain since 3-methyl
histidine is stable during hydrolysis. Its presence in the hot water extract, how
ever, together with a subsequent decrease in the 3-methylhistidine titre of the 
whole sample (Table 2a), suggests some of the free amino acid may have been 
present.
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T a b le  2 a . The occurrence and identification of soluble 3-methylhistidine in chicken, rabbit and turkey using ion exchange chromatography
3-methylhistidine

Sample Hot waterextract
(jiimol/g)

Hot water 
extract 
(hydrolysed) 
(pmol/g)

Whole 
hydrolysate 
(mg/g N)

Rabbit (thigh) B None
detected

None
detected

4.82

Chicken (leg) A None
detected None

detected
10.28

Turkey (breast) A 0.19 None
detected

7.44

T a b le  2 b . The Rf values and colour of known dipeptides and their constituent amino acids using paper chromatography
Standard Rf value Colour
Carn osine 0.41 Green
Anserine 0.75 Green
Histidine 0.17 Purple
|3-alanine 0.40 Blue-purple
1-methylhistidine 0.54 Green
3-methylhistidine 0.75 Grey-purple

The 3-methylhistidine content of various offals are shown in Table 4. It is 
absent from kidney, lung and blood serum protein (in the form of spun fibres). 
A small amount was detected in liver, which possibly reflects soluble 3-methyl
histidine formed from the detoxification of histidine. The titres for heart and 
stomach were lower than the value characteristic of lean meat. In the case of 
heart the titre reflects the probable absence of 3-methylhistidine from cardiac 
myosin (it is present in cardiac actin). The low value for stomach (not corrected 
for connective tissue) is not unexpected since there is muscular tissue in its 
constitution. Cleansed stomach (boiled tripe) in which the concentration of 
muscular tissue is higher, reflected this in the markedly high 3-methylhistidine 
titre.
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Table 2c. T he id en tifica tio n  o f h is tid ine  d ipep tides p resen t in  ch icken , 
rab b it and  tu rk e y  using paper ch rom atog raph y

Sam ple
S p o t 1 
R f
co lour

S p o t 2 
R f
co lour

Suggested
d ipeptides
presen t

R ab b it (th igh) B 0.43 0.74 S p o t 1 C arnosine
G reen G reen S p o t 2 A nserine

C hicken (leg) A 0.35 0.73 S p o t 1 C arnosine
G reen G reen S p o t 2 A nserine

T u rk ey  (breast) A 0.41 0.70 S p o t 1 C arnosine
G reen G reen S p o t 2 A nserine

Table 2d. T he analysis o f h is tid ine  d ipep tides from  rab b it, ch icken  and tu rk ey  
using paper ch rom atog raph y

Sam ple

A m ino  acid spo ts  o b ta ined  from  
th e  hyd ro lysis  o f sp o t 2 in 
T able 2c Suspected  

am ino  acids 
presen tS po t 2a 

R f
co lour

S po t 2b 
R f
co lour

R ab b it (th ig h ) B 0 .49 0.56 Spo t 2a jS-alanine
Purple G reen S po t 2b 1-m ethy lh istidm e

C hicken (leg) A 0 .29 0 .47 S po t 2a (3-alanine
Purple G reen S po t 2b l-m eth y lh is tid :n e

T u rk ey  (b reas t)  A 0.33 0.51 S p o t 2a p-alanine
Purple G reen S po t 2b 1-m ethylh istid ine

Titres for Ne-methyllysine in rabbit, chicken, turkey and fish species (Tables 
1 and 3) are similar to those found for mammalian muscle (Rangeley & Lawrie, 
1976). Titres varied between different offals. None was found in kidney. Values 
were low in stomach (< 1 mg/g N), whilst high in tripe (> 5 mg/g N). Two types 
of Ne-methyllysine were detected in offals, chicken and species of fish.

The 3-methylhistidine and N €-methyllysine content o f  vegetable protein pro
ducts

The results for the analysis of nine non-meat protein products (all of which 
were soya based except A, which was a field bean product) are shown in Table
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Table 3. 3 -m ethy lh istid ine  and N6-m ethy llysine in fish m uscles

Sam ple
3-m ethy l
h istidine 
(m g/g N)

Ne-m ethyl- 
lysine 
(m g/g N)

R atio  
3-mehis. : 
Ne-melys.

C od (gadoid) 
W hite, n on -fa tty  
N o  fa t ex trac ted

6.11 2.37 2.90 2.58 2.1 1

L em on sole (gadoid)
N o n -fa tty
F a t ex trac ted

5.85 3.18 1.83

Plaice (gadoid) 
N o n -fa tty  
F a t ex trac ted

6.31 4 .17 1.51

Plaice (gadoid) 
N o n -fa tty  
N o  fa t ex trac ted

5.79 3 .82  4 95 1.51 1.17

M ackerel (clupeine) 
F a tty
No fa t ex trac ted

4.41 3.17 1.39

M ackerel (clupeine) 
F a t ex trac ted

4.81 3.96 1.22

H erring (clupeine) 
F a tty
F a t ex trac ted

3 .80 2.34 1.62

S kate  (elasm obranch) 
F a t ex trac ted

3 .90 3.37 1.16

All titres are m ean values calculated  from  dup licate  de term inations.

5. A peak eluting after histidine was found only in samples C, D, F, G and H, 
whilst one eluting after lysine was found in all samples except B and G. When the 
non-meat protein was further isolated by re-precipitation, the results showed 
(Table 5) that the peak eluting after histidine was present only in Samples C 
and D. However, the peak after lysine eluted in all samples except G, H and I.

When known concentrations of the authentic methylamino acids were added 
to hydrolysates from both whole and re-precipitated samples, only in the 
case of Ne-methyllysine was the elution position of the presumed and authen
tic peak similar. Thus it would appear that, although Ne-methyllysine may be 
present in certain non-meat protein samples, 3-methylhistidine is absent. Never
theless a peak did appear after histidine, and also after 3-methylhistidine, in 
samples C, D, F, G and H; and as such warranted closer investigation. All results

v i f A t O J F  m i !  1  Yi ?! 1 r n  Pi r> 7
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T able 4. 3 -m eth ylh istid ine and Ne -m ethy llysine in  m eat offals

Sam ple
3-m ethyl
h istid ine
m g/gN

Ne-m ethyl-
lysine
m g/gN

R atio  
3-m ehis. : 
Ne -meyls.

K idney
(lam b)

N one
d e tec ted

N one
d e tec ted

-

Liver
(pig)

0.80 3.52 0.23

L ung
(pig)*

N one
de tected

2.21 3.83 -

S tom ach
(pig)*

2.00 0.91 2.20

T ripe 
(ox) A

4 .77 - -

T ripe 
(ox) B 
washed X2

4 .12 5.42 8.07 0.76 0.51

S tom ach
(sheep)*

2.73 0.81 1.38 3.37 1.98

H eart
(ox)

2.83 2 .70 1.05

B lood serum
proteins
(fib res)

N one
d e tec ted

2.77

*N itrogen co n te n t n o t co rrec ted  fo r connective tissue (Collagen). 
All titre s  are m ean values ca lcu lated  from  dup lica te  de term inations.

shown in Table 5 were calculated on the assumption that the suspected peaks 
are N£-methyllysine and 3-methylhistidine.

From the analysis of the fractions containing the suspected methylamino 
acid peaks, the absence of a significant 3-methylhistidine peak was confirmed 
in samples C and D (Table 6): only in sample H did a noticeable peak remain. 
However, on the addition of authentic 3-methylhistidine to tne fraction con
cerned, no increase in concentration above that added occurred (Table 6), thus 
suggesting that the unknown peak is indeed not 3-methylhistidine. The presence 
of N£-methyllysine was confirmed in samples C and H; however, a peak was not 
detected in sample D, and no increase in its concentration occurred when 
authentic N£-methyllysine was added.

In view of the previous results regarding the presence of methylamino acids
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T a b le  5. T he analysis o f  p rodu c ts  fab rica ted  from  non -m eat p ro te in

W hole sam ple A fte r  re-p recip ita tion

Sam ple
Presum ed 
‘3-m eth y l
h is tid in e ’ 
(m g/g N)

P resum ed 
‘Ne-m ethyl- 
ly s in e’ 
(m g/g N)

Presum ed 
‘3 -m ethy l
h is tid in e ’ 
(m g/g N)

Presum ed 
‘Ne-m ethyl- 
ly s in e ’ 
(m g/g N)

S pun p ro te in  
A

N one
d e tec ted

2.54 N one
d e tec ted

1.34

S pun soya fibres 
B

N one
de tected

N one
d e tec ted

- -

T ex tu red  veg.
p ro te in
C

1.71 0.64 0.65 1.47

S oya p ro te in
pow der
D

0.96 0.56 2.93 1.33

Soya ch iplets 
E

N one
de tected

1.71 N one
d e tec ted

1.92

T ex tu re d  veg.
p ro te in
F

1.10 1.70 N one
d e tec ted

0.98

T ex tu re d  veg.
p ro te in
G

0.37 N one
d e tec ted

None
d e tec ted

None
d e tec ted

T ex tu re d  veg.
p ro te in
H

1.96 2.19 None
d e tec ted

None
d e tec ted

T ex tu red  veg.
p ro te in
I

N one
d e tec ted

1.11 N one
d e tec ted

N one
d e tec ted

in vegetable protein products, an alternative extraction procedure was chosen 
in the hope of eliminating possible interfering compounds and thus of provid
ing a firmer basis for future studies. The results shown in Table 6 again suggest 
the presence of Ne-methyllysine in samples C, D and H, which would thus 
appear to be an integral part of their (non-meat) proteins. Concentrations, how
ever, were lower than found in mammalian muscle and only one type appears 
to be present. 3-methylhistidine was again absent from samples D and H ; how
ever, a small amount was found in sample C (<0.5 mg/g N). Thus even if this

2
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peak were 3-methylhistidine, which in light of previous evidence would appear 
doubtful, it is not present in significant amounts. Moreover, it is always pos
sible that some meat protein, could have been added to the so-called vegetable 
product.

The determination o f  3-methylhistidine and N e -methyllysine in various products 
and their practical application in predicting meat content

When sausage and meat pie samples were given a pre-dialysis and water 
washing treatment, only in samples of the latter were both 3-methylhistidine 
and Ne-methyllysine titres found (Table 7). Titres for 3-methylhistidine varied 
between the different pies, and as expected in Pie E (which was known to con
tain solely non-meat protein), no 3-methylhistidine was detected. The Ne- 
methyllysine titre in this sample was higher than previously found for non
meat protein products. A decrease in the 3-methylhistidine content was not 
always accompanied by a decrease in the Ne-methyllysine content.

Since, in the initial investigations, only a Nf-methyllysine determination 
proved to be possible with sausage samples, it was necessary to assume either 
that 3-methylhistidine had become unavailable during the preparation of sam
ples for hydrolysis, or during hydrolysis itself. Thus additional experiments 
were carried out to establish how possible losses of 3-methylhistidine might 
have occurred.

(i) Losses o f  methylamino acids during hydrolysis o f  a commercial sausage 
sample. The chromatographic analysis of sausage sample H, prepared by pre
dialysis and washing, did not show the presence of a 3-methylhistidine peak 
(Table 8). Examination of a similar sample, containing a known amount of 
3-methylhistidine (1.25 pmol) (added prior to hydrolysis), revealed that only 
the amount added was found. Furthermore the elution position of the hydro
lysed authentic 3-methylhistidine was similar to that of added authentic 
3-methylhistidine.

(ii) Interaction o f  carbohydrate sources and methylamino acids in sausages. 
When known amounts of authentic 3-methylhistidine and Ne-methyllysine 
were hydrolysed with different carbohydrate sources used in sausage manu
facturing, the following results were obtained.

(a) Sausage starch. Neither methylamino acid was found to react with 
sausage starch recovered during the washing procedure (Table 9).

(b) Native wheat starch (12% solution). Only 50% of the original con
centration of 3-methylhistidine was recovered (Table 9), thus suggesting that a 
reaction does take place between native wheat starch and 3-methylhistidine. 
When the latter was added to the mixture after hydrolysis, however, it was 
recovered quantitatively.

(c) 1Wheat rusk. (As used as an ingredient in sausage samples A—F.) No 
reaction between 3-methylhistidine and wheat rusk appeared to take place, 
although the concentration of Ne-methyllysine did decrease (Table 9).
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Table 7. 3 -m ethy lh istid ine  and Ne-m ethy llysine in com m ercial m eat pies

Sam ple
3-m ethyl 
h istid ine 
(m g/g N)

Ne -m ethyl 
lysine 
(m g/g N)

% lean m eat*
(based on  3-m ehis. value 
6 m g/g N)

Pie A 
steak  and 
kidney

5 .30 3.25 88

Pie B
m inced
beef

4.74 3.79 79

Pie C 
steak and 
kidney

4 .09 4 .8 0 68

Pie D 
steak and 
kidney

5.21 3.91 87

Pie E
non-m eat
p ro te in

N one
d e tec ted

5.57

Pie F
steak  and 
kidney

3.23 1.54 54

* This value refers to  th a t p ro p o rtio n  o f  th e  n itro g en  co n ten t derived from  lean 
m ea t, b u t does n o t  rep resen t th e  lean m eat co n te n t o f  th e  w hole p ro d u c t.

It would thus appear that 3-methylhistidine preferentially reacts with pure 
wheat starch, and that such a reaction must occur during the sample prepara
tion procedure.

Determination o f  3-methylhistidine and N t^methyllysine content in sausage 
samples after alcohol-acetone extraction

Sausages (Table 10) and samples of beefburger and rissole (Table 11) were 
successfully analysed using this procedure. For sausage samples A-F, the 3- 
methylhistidine titres were found to vary as expected, since these examples 
contain meat and non-meat protein in various proportions. However, sample G, 
widen is an unknown commercial sample, gave a very low 3-methylhistidine 
titre, suggesting that little meat protein was present. 3-methylhistidine titres for 
both the beefburger and the rissole samples were higher than found in sausages.

Titres for Ne-methyllysine were more varied, and a low 3-methylhistidine
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Table 10. 3-m ethy lh istid ine  and Ne-m ethy llysine in  sausage sam ples 
prepared  a fte r  acetone-a lcoho l ex trac tio ns

Sam ple

3-m ethyl
h istid ine 
(m g/g N)

N e-m ethy l 
lysine 
(m g/g N)

% lean m eat*  
(based on  3- 
m ehis. value 
5 m g/g N)

Sausage A 4 .69 1.76 2.06 78
Sausage B 4.81 1.68 80
Sausage C 3.91 2.12 65
Sausage D 3.71 2.39 62
Sausage E 4 .2 0 1.74 2.05 70
Sausage F 4.31 2.51 2.65 72
Sausage G 1.78 0.81 1.21 30

* This value refers to  th a t p ro p o rtio n  o f  the  n itro g en  co n ten t o f  
th e  m eat p ro d u c t derived fro m  lean m eat, b u t does n o t  rep resen t 
th e  lean m eat co n ten t o f  th e  w hole p ro d u c t.

Table 11. 3-m eth ylh istid ine 
rissole

and Ne-m ethyllysine in beefburger and

Sam ple

3-m ethy l
h istid ine 
(m g/g N)

N e-m ethyl- 
lysine 
(m g/g N)

%  lean  m eat* 
(based on  3- 
m ehis. value 
5 m g/g N)

B eefburger 5.61 3.08 93
Rissole 4 .79 2.94 4 .77 80

* T his value refers to  th a t  p ro p o rtio n  o f th e  n itrogen  co n ten t 
derived fro m  lean m eat, b u t does n o t rep resen t th e  lean m eat 
co n ten t o f  th e  w hole p ro d u c t.

titre was not always accompanied by a corresponding decrease in the Ne- 
methyllysine content. Ne-methyllysine titres, however, are complicated by the 
presence of both Ne-mono and Ne-trimethyllysines.

The practical application o f  the 3-methylhistidine index in predicting meat 
content

From the results previously presented (Rangeley & Lawrie, 1976), and 
from those presented in this paper, it would appear that 3-methylhistidine pro
vides a more reliable index of meat content than does bT-methyllysine, and
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that a concentration of 6 mg of protein-bound 3-methylhisridine/gN is charac
teristic for samples consisting entirely of beef, lamb, pork, whale and rabbit 
species. On this basis, results for the apparent meat content of a number of 
commercial sausages, meat pies and other products, which were previously ex
amined, are presented in Tables 7, 10 and 11 respectively. It is emphasized that 
the percentages shown are indicative of lean meat content (not including intra
muscular fat and connective tissue) expressed in terms of the protein content 
and not in terms of the whole product. Low titres, due to the presence of large 
amounts of connective tissue, have been avoided by applying a suitable correc
tion to the nitrogen value.

The estimated meat contents of the sausage samples are shown in Table 10, 
and none of the sausages examined show a lean meat content greater than 80%. 
Since protein binders (e.g. rusk) form an acceptable constituent of the sausage, 
no: all protein present would be reflected as that of lean meat. Similar con
siderations would apply to beefburger and rissole samples (Table 11), where, 
although meat contents are higher than found in the sausages, rusk anc addi
tional sources of non-meat protein (e.g. breadcrumbs and wheat flour) are 
accepted ingredients of the product.

The results in Table 10, however, do suggest that in certain samples (i.e. 
sample G), some replacement of lean meat by non-meat protein had taken 
place.

From the examination of the pie samples (Table 7), higher meat contents 
were found than in sausages. The presence of acceptable protein sources, such 
as kidney (which contains no 3-methylhistidine), however, leads to estimates of 
lean meat contents of less than 100%.

Discussion

The 3-methylhistidine titres determined in the various meat products have been 
shown to serve as a predictive index of meat content, when related to the 
3-methylhistidine content characteristic of mammalian muscle. They appear 
more suited to this purpose than do titres of Ne-methyllysine, of which the 
content not only varies both within and between species, but whose determina
tion is complicated by the presence of more than one type. Moreover, Ne- 
methyllysine, unlike 3-methylhistidine, was found to be present in certain vege
table protein powders examined.

The results presented in this paper indicate that the procedure previously 
suggested for the examination of meat products (Rangeley & Lawrie, 1976) is 
not suitable when applied directly to products which contain large amounts of 
cereal fillers and binders (e.g. sausages). When, however, steps are taken to 
remove all possible interfering compounds using an alcohol-acetone extraction 
metnod, such products can be analysed accurately for 3-methylhistidine 
content. The amended procedure, by ensuring the removal of all soluble 
nitrogen sources (and thus soluble 3-methylhistidine), to leave a sample
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containing protein, would appear to be desirable in future work since it could 
be used when examining all types of meat products. It would also enable 
3-methylhistidine factors for different species to be expressed as mg/g protein 
N, rather than mg/g total N, as was previously the case.

The values for protein-bound 3-methylhistidine appear to be markedly 
higher in avian muscle than in those of meat. This may represent an increased 
degree of methylation of the myosin in birds. On the other hand, Johnson & 
Perry (1970) suggest that the content of 3-methylhistidine is generally higher 
in white, than in red, skeletal muscle. The fact that not all chicken samples con
tain high 3-methylhistidine contents (Table 1), suggests that the phenomenon is 
not consistent, and as such warrants further investigation.

Further deviations from the characteristic protein-bound 3-methylhistidine 
content were found on the examination of different fish species (Table 3). Al
though titres for gadoid species are similar to those for mammalian muscle (i.e. 
6 mg/g N), those of clupeine and elasmobranch species are lower (i.e. 4 mg/g N). 
This variation could well reflect a difference in the methylating system. Recently 
Shenouda & Pigott (1975) stated that 3-methylhistidine was absent from 
actin in rockfish (an elasmobranch). Such might also be the case for clupeine 
species.

It has now been confirmed that 3-methylhistidine has a practical application 
in predicting meat contents in meat products. In order to enhance the signifi
cance of such an application, further work needs to be undertaken to develop 
the method, whereby the characteristic concentration of protein-bound 
3-methylhistidine in lean meat can be more firmly established, and hence this 
index can be applied with confidence to a wide variety of processed and un
processed meat products. Such investigations will form the basis for subsequent 
publications.
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A study o f the composition o f three popular varieties of fish in 
Israel, with a view towards further processing

S. ANGEL* AND R. C. BAKERf

Summary
The weight proportions and proximate composition of fillets and remains after 
filleting of carp, silver carp and hake were investigated with a view to further 
processing of these fish, which are usually sold whole or gutted in the fresh or 
frozen state.

From the percentage of fillets obtainable, the proximate composition of 
the fillets, the remains after filleting, and the organoleptic qualities of the flesh, 
it is concluded that hake and silver carp fillets, and a combination of their de- 
boned flesh, offer good possibilities for producing high-quality convenience 
products that could lead to increased consumption of these fish in Israel.

Introduction
The Israel fish processing industry produces almost exclusively several canned 
products: sardines, tuna, gefilte fish and silvercarp slices. Products such as 
ready-to-heat fish fingers or breaded sticks, steaks, fillets, scallops, chowders, 
etc., which are common fare in Europe and the U.S.A. are not produced.

In order to promote increased fish consumption and thereby replace some 
of the costly imported meat, high quality convenience products should be pro
duced. The A.R.O. Division of Food Technology recently embarked on a re
search programme to develop convenience products from locally available pond, 
lake and sea fish, which are normally purchased live, iced or frozen on the local 
market. A knowledge of the chemical and physical composition and such 
characteristics as water holding capacity and emulsification capacity of the 
proteins is essential for decision making on the types of products that could 
best be produced and the best means of processing the various types of fish.

In this, the first of a series of papers on the research undertaken, the pro-
A u th o rs’ addresses: *Division o f  F o o d  T echno logy , A gricultural R esearch O rganization , 

T he V olcani C enter, P.O.B. 6 , Bet D agan, Israel (co n tr ib u tio n  no . 182-E, 1976 series) and 
fF o o d  Science and M arketing In s titu te , 100 R ice H all, C ornell U niversity , Ithaca , New 
Y ork , U .S.A .
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portions by weight of the various parts of the fish are compared. Such informa
tion should be of economic interest to the processor. The proximate chemical 
compositions are needed in order to formulate comminuted and emulsified pro
ducts, and for comparing and controlling the nutritive quality of products from 
various fish species.

Materials and methods
Carp (Cyprinus carpio) is the most popular pond fish. It is retailed live at be
tween 500 g and approximately 1.5 kg. Silver carp (Hypophthalmichthys moli- 
trix) was introduced from south-east Asia over five years ago and is a pond 
and lake fish in Israel. It is retailed iced at weights ranging from 1 to 2 kg. The 
meat has a bland taste. Hake (Merluccius merluccius), or bakala in Hebrew, is 
caught in the south-east Atlantic and gutted, beheaded and frozen at sea. It is 
retailed frozen at 250 to 500 g as single fish or frozen slices.

All the fish were purchased on the local market in sizes representative of 
marketable fish and gutted, headed, filleted and skinned in the laboratory. 
Each part of the fish — head, viscera, fillets, skin and remains after filleting — 
was weighed to the nearest 0.5 g. There were liquid and slight trimming losses 
during the cutting of the parts. Skins were pulled from the fillets. Adhering 
traces of flesh were removed from the skin and discarded. Following skinning 
and weighing the fillets and remains were chopped in a Moulinette meat chop
per (Moulinex, France) in the following manner: 150 g of —3°C meat was 
placed in the chopper and chopped for 3 sec, three times, at 5- to 10-sec inter
vals. Following chopping, aliquots were taken for chemical analysis and the re
maining chopped sample was placed in a tightly covered sample jar and either 
frozen or kept at 0°C. Where necessary, further aliquots were taken for analy
sis from these jars in the following manner: half the meat in the jar was 
emptied into the Moulinette chopper, and the other half was used to wipe up 
the drip in the jar before being placed in the chopper. The entire sample was 
rechopped three times for 3 secs as done originally.

The water, fat, ash and protein contents of the sample were determined 
by the rapid analysis Ultra X-70 apparatus (Gronert, West Germany). This is an 
infrared moisture tester and rapid ashing device. Random samples were also 
tested by conventional methods according to the A.M.I. (1950). All tests were 
carried out in duplicate. With the Ultra X-70 method the sample was dried in a 
quartz dish by infrared radiation for determination of water content. Follow
ing this, the dried material was quantitatively scraped from the quartz dish and 
pulverized. Upon being replaced in the dish the pulverized dry material was 
washed a number of times with ether to extract the fat. After an additional 
drying by infrared, the fat content was calculated. The remaining material was 
ashed and the ash was weighed. The difference in weight was considered to be 
crude protein. This agreed with the Kjeldahl determination.

The significance of the results was determined by analysis of variance
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(Aider & Roessler, 1964). Comparisons were made between the weights of the 
various parts of the fish for the three species, proximate composition of the fil
lets and the remains after filleting between the species, and the proximate com
position between the fillets and the remains after filleting within each species 
of fish.

Results

Table 1 shows the percentage by weight of various parts of the whole fish from 
which fillets of carp and silver carp were made. Table 2 shows the percentage 
by weight of fillets and remains after filleting of the gutted and beheaded carp, 
silver carp and hake. Due to liquid and slight trimming losses the weights of the 
parts do not necessarily total 100%.

In Table 1 the weights of silver carp heads averaged 25.5% of the whole 
weight and that of carp averaged almost 19%, the differences were significant. 
The differences in the weights of the viscera for the two species were not signi
ficant.

Fillets with skin accounted for approximately 40% of the weights of the 
whole carp and silver carp, and fillets without skin averaged approximately 33% 
of the whole weight (Table 1). Skin was approximately 5% of the weight of the 
whole fish for both species. The weight of the fillets without skin are not exact
ly the weight of the fillet with skin less the weight of the skin due to the dis
carding of adhering traces of flesh.

There was no significant difference in the weight percentage of the fillets of 
carp and silver carp, based on the whole fish weight. The percentage of bones 
and meat remains averaged c. 25% after filleting for carp and silver carp, based 
on the weight of the whole fish. There were no significant differences between 
the two species.

The percentage weights of the skinned fillets for the gutted, beheaded fish 
averaged 45% for carp, 54% for silver carp, and 61% for hake (Table 2). The 
differences between the three species were highly significant.

The percentage remains after filleting of the gutted and beheaded fish aver
aged 38.5% for carp and silver carp and 33% for hake, with no significant dif
ference between carp and silver carp or between carp and hake, but the differ
ence between silver carp and hake was significant.

The proximate compositions are presented in Table 3 for the fillets without 
skin and the remains after filleting, for the three species of fish in this study.

The protein content of the fillets averaged from 16.7 to 18.9%; by analysis 
of variance, the differences between the three species were not significant.

The protein content of the remains after filleting averaged from 12.7 to 
19.6% for the three species. That of silver carp was significantly higher than of 
carp, but there was no significant difference between carp or silver carp and 
hake.



T a b le  2. W eights o f the  parts, used  to  p repare filleted  carp , silver carp  and hake
C o m p o s i t i o n  o f f i s h 3 1

W eight o f pa rts  (% o f g u tted , b ehead ed  fish)
D ate
(1 975 )

Fish species 
and iden tifica
tio n  nu m ber

G u tted  and 
beheaded 
w eight 
(g)

R em ains
afte r
filleting

F illets 
w ith  skin

F illets
w ith o u t
skin

Skin

19.IX
Carp
I 4 5 0 .0 44 .4 55.6 ¿4.4 6.5

17.IX II 500 .4 48.6 51.3 40 .8 7.8

1.X I 1152.7 39.3 60.6 52 .0 8.1
1.X II 989.1 36 .0 64 .0 51.9 10.1
1.X III 1025.0 34 .0 65.9 55.6 9.5

l.X IV 917.1 37.1 62.8 51.2 8.5

M e a n (%) 39 .9 6 0 .0 49.3 8.4

S tan d ard  deviation 5.55 5.54 5.54 1.27

17.IX
Silver carp 
I 784 .0 39 .2 61.3 53.7 6.4

18.IX II 751 .0 38.2 63.3 55.7 7.3

l.X III 1373.0 39.8 60.2 53.8 6.4

l.X II 871 .0 36.3 63.6 56 .0 7.6

1.X in 927.3 40 .9 59.1 50.9 7.9

l.X IV 1088.8 32.9 66.2 57.5 8.8
l .X V 800.1 40 .4 59.6 52.3 6.6

M e a n (%) 38.2 61.9 54.3 7.3

S tan d ard  deviation 2.81 2.57 2.92 0.89

17.IX
H ake
I 340 29.4 — 65 .0 6.0

17.IX II 312 34.6 - 60.9 4.6

17.IX III 314 36.3 - 58.0 4.4

17.IX IV 278 33.1 - 62 .2 4.6

M ean (%) 33.3 61.5 4.9

S tan dard  deviation 2.93 2.91 0.74
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Table 3. P rox im ate  co m position  (in  percen tage) o f  fille ts  (w ith o u t sk in) an d  bon e and flesh rem ains 
a fte r filleting o f  ca rp , silver carp and hake

D ate
Fish species 
and F ille ts  (%) B one and flesh rem ains a fte r  fille ting  (%)

(1975 ) id en tifica tion
num b er W ater F a t P ro te in Ash W ater F a t P ro te in Ash

17.IX
Carp
I 73.8 7.8 16.7 1.6 60.3 24.7 12.7 2.3

17.IX II 75.6 6.6 17.2 0.6 - - - -

l .X I 74 .2 8.3 16.7 0.8 - - - -

l .X II 71.8 12.1 15.2 0.7 55.2 28.6 12.4 3.8

l.X III 69.1 13.1 16.8 1.6 59.2 25.2 13.6 2.0
l .X IV 74.2 7.4 17.8 1.0 - - - -

M ean (%) 73.1 9.2 16.7 1.0 58.2 26.1 12.9 2.7
S tan dard  deviation 2 .30 2.69 0.86 0.44 2.68 2.12 0.62 0.96

17.IX
Silver carp 
I 72.8 8.4 17.2 1.6 50.4 9.2 21.6 18.8

1.X I 76.8 5.8 16.3 1.0 62.8 9.2 16.4 11.6
l .X II 76.0 6.4 16.6 1.0 58.8 8.8 20.8 11.8
l .X III 78 .0 4.5 16.5 1.0 - - - -

l .X IV 74.0 6.8 18.2 1.0 - - - -

l.X V 77.1 6.3 15.6 0.9 - - - -

M ean (%) 75.8 6.4 16.7 1.1 57.3 9.1 19.6 14.1
S tan d ard  deviation 2.56 1.27 0.78 0.25 6 .44 0.23 2 .8 0 4 .1 0

17.IX
Hake
I 79.2 0.86 18.6 1.3 74.7 0.59 17.0 2.7

17.IX II 78.9 1.22 18.4 1.4 74 .0 0 .60 15.2 3.2

17.IX III 80 .0 0 .80 18.5 1.3 79.3 0.98 15.5 4 .2

17.IX IV 77.3 0.84 20.4 1.3 76.7 0.75 20.2 2.3

M ean (%) 78.8 0.93 18.9 1.3 76.2 0.73 16.9 3.1
S tan d ard  deviation 1.13 0.20 0.95 0.06 2.38 0.18 2.28 0 .82
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An analysis of variance showed that the protein content of fillets of carp 

and hake were significantly higher than that of the remains after filleting. There 
was no significant difference in silver carp between the protein contents of the 
fillet and of the remains after filleting.

The average fat content of the fillets for the three species ranged from 0.93 
to 9.2%. Analysis of variance showed that silver carp fillets had a significantly 
lower fat content than carp and that hake had a significantly lower fat content 
than carp or silver carp. The bone and flesh remains of silver carp had a lower 
fat content than that of carp and those of hake were significantly lower than 
carp or silver carp.

Analysis of variance showed that the fat content of carp and silver carp fil
lets was significantly lower than that of the remains after filleting. There was 
no such significant difference in hake.

The average water content of the fillets ranged between 73.1 and 78.8% in 
the three species. There were no significant differences in water content be
tween carp and silver carp, but the water content of hake fillets was signifi
cantly higher than that of carp or silver carp. The relationships between the 
water content of the remains after filleting were similar to that of the fillets. 
Analysis of variance showed a significantly higher water content in the fillets 
than in the remains after filleting within each of the three species tested.

Discussion and conclusions
From the results it appears that, based on the whole fish, 34% by weight of 
fillets could be obtained from carp and silver carp fish. The weights of the hake 
fillets could only be compared with the gutted and beheaded fish, since this is 
the only kind available. On this basis 61.5% fillets could be obtained from hake, 
compared with 47% for carp and 53.5% for silver carp.

The fillets of hake are essentially boneless, while these of carp and silver 
carp contain bones. However, the two latter fish fillets can be processed so that 
the bones cease to be a problem. The methods will be reported in subsequent 
papers. Excellent fillets can therefore be prepared from all three fish species 
tested. They would be higher priced than the whole fresh, iced or frozen fish, 
but would be very convenient to prepare.

However, two-thirds of the carp and over one-third of the weight of the 
gutted and beheaded hake would be left. The parts of the fish not used for fil
leting can be utilized to produce various processed products. Entrails of carp 
and silver carp, which averaged 11% of the whole weight, could be used to pro
duce animal food. Heads of the carp and silver carp which averaged 19 and 25%, 
respectively, of the whole weight have been used by the author to prepare 
soups and chowders or added to the viscera for production of animal foods.

The bones and flesh remains, after filleting, accounted for the largest per
centage of leftover weight from the filleting operation. Based on the whole fish 
weight this amounted to 25.7% for carp and silver carp and to 35% of the gut

3
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ted and beheaded hake. Such remains can be mechanically deboned and have 
yielded between 30 and 40% meat, in preliminary trials. Paoli (Stephen Paoli, 
Rockford, Illinois, U.S.A.) and other manufacturers of deboners claim over 
50% edible meat yield from the remains after filleting. The meat obtained re
sembles a soft ground meat and it can be processed in several ways, e.g. as saus
ages. A description of such products being developed will appear in subsequent 
papers. The separated bones can be added to the entrails for animal food pro
duction or used for producing fish meal.

The proximate composition aids in deciding on the type of products that 
could be processed from the fish. The protein content of the fillets averaged 
17.4% for all three species. This is similar to that of red meat (Watt & Merrill,
1963). While the protein contents of the three species did not differ signifi
cantly, the fat contents did (carp = 9.2%, silver carp = 6.4%, hake = 0.9% fat). 
The water content of carp and silver carp averaged 73 and 76%, respectively 
(no significant difference), while that of hake was 79% (significantly different 
from carp and silver carp). The protein and water contents of the remains after 
filleting were lower than those of the fillets, while the fat contents were higher.

According to the proximate composition, hake and silver carp would be a 
source of low fat, high protein fillets. This cannot be claimed for carp. The per
centage carp fillet obtained, based on either the whole (32%) or the gutted 
(49%) carcass, was also lower than for silver carp (34% whole and 54% gutted) 
or hake (61% gutted).

The protein content of hake fillets was significantly higher than that of the 
remains after filleting. However, silver carp remains averaged 19% protein 
which was almost significantly higher than that of the fillets. Hake meat is very 
flavourful, while silver carp is bland. The combination of mechanically deboned 
hake meat from flesh and bone remains after filleting, which is white and rich 
in flavour, with that of silver carp, bland tasting but having an attractive dark 
pink colour, would be complementary. The lower fat content of the hake 
would balance out the fat content of the silver carp meat, while the higher pro
tein content of the silver carp deboned meat would counterbalance the lower 
protein of hake deboned meat flesh.

The combination of local silver carp and hake deboned fish meat could be 
the basic raw material for a number of sophisticated formed fish meat and 
sausage products.
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Differential lipid oxidation in various parts of frozen mackerel

P. J. KE,* R. G. ACKMAN, B. A. LINKE a n d  D. M. NASH

Summary
Kinetic variations in lipid oxidation in various parts of mackerel stored at —15, 
—30 and —40°C were studied by measuring the changes of POV and of TBA 
molar values as a function of time. Oxidation developed in the skin sample 
(subcutaneous fat) was found to be eight times faster in TBA change than in 
the white and dark muscles from mackerel held at — 15°C for two months. This 
rapid development of rancidity in the skin was effectively inhibited by lowering 
the frozen storage temperature to —40°C, where relatively the degree of lipid 
oxidation in the dark muscle was found to be of the same order of magnitude. 
The in  v i t r o  rate of autoxidation at 60°C for the lipids extracted from skin and 
the fillet muscle also showed an unusual difference which indicated that un
known pro-oxidative substances in mackerel skin were fat solvent extractable. 
The activity of the unknown compounds in the skin was also temperature 
dependent even in the frozen state, but could be effectively mitigated by lower
ing temperature to —40°C. Lipid hydrolysis in mackerel was also retarded com
pletely when the fish were stored at — 40° C. The comparative compositions of 
fatty acids and volatile carbonyls were determined in head, skin, white and dark 
muscle, and suggested an active non-specific oxidation system in the skin fat.

Introduction
Lipids in most fatty fish, particularly in the Atlantic mackerel (Scomber scom- 
brus), readily undergo oxidation on exposure to the air even in frozen storage 
(Ke, Ackman & Nash, 1975b). In fatty fish such as mackerel, herring, etc. 
depot fat occurs as extracellular globules in the muscle and in the mesentery 
(Flo, Hagen & Mohr, 1972; Mohr, 1972). A variable but high proportion of the 
total lipids are neutral lipids with substantial contents of unsaturated C20 and 
C22 fatty acids (Ackman & Eaton, 1971; Hardy & Keay, 1972). These acids are 
among the constituents of fatty fish, in free or combined forms, most suscept-

A u th o rs ’ address; F isheries and  M arine Service, D ep artm en t o f th e  E nv ironm ent, H alifax 
L ab o ra to ry , H alifax , N ova Scotia B3J 2R 3.
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ible to autoxidation. The oxidation products of these unsaturated fatty com
pounds and a number of minor lipid components contribute to the natural 
aromas, flavours and colour substances which make fish and fishery products 
attractive in minor proportions, or aesthetically objectionable if present in ex
cess (Ackman, 1967, 1974).

In terms of controlling the onset of rancidity in lipids of frozen fish the most 
important problem in quality preservation would seem to be control of the 
initial oxidation reaction before the chain can begin to propagate. When the ini
tial oxidation has occurred through direct interaction with oxygen or/and a free 
radical mechanism (Labuza, 1971), the quality of fish deteriorates, often very 
rapidly, and so far no practical method has appeared for preventing the develop
ment of rancidity after the lipid oxidation has proceeded beyond the induction 
period.

The characteristic features of lipid oxidation in fish muscle can be traced to 
the influence of factors other than the usual ones of concentration of reactants 
and temperatures. Using low storage temperatures or vacuum packaging for 
frozen mackerel can slow the monomolecular reactions of oxidation but do 
not stop problems completely (Ke, Ackman & Nash, 1976). The pro-oxidant 
activity of trace metals, heme pigments and other catalytically active biochemi
cal substances in fish can lead to unexpected results, probably due to accelera
tion of the initiation of lipid oxidation (Schultz, Day & Shinhuber, 1962;Uri, 
1961). Oxidation accelerating compounds have been found in the dorsal muscle 
of trout (Takama, 1974) and similar compounds may be responsible for the un
usually rapid development of rancidity in mackerel. The dark and liver tissues 
of mackerel (Scomber japonicus) have both been implicated as having catalytic 
effects in linoleate oxidation (Nagayama, Imano & Naito, 1971). Therefore, in 
addition to the various contents of fats in different parts of fish, different mus
cles within mackerel could have a great variation in their potential oxidative 
susceptibilities due to the presence of unknown pro-oxidants.

This study was initially undertaken to estimate the rate of lipid oxidation in 
various parts of frozen mackerel and to compare their kinetic variations. Un
expectedly a rapid rate of lipid oxidation was found in skin samples during this 
investigation. Accordingly, our preliminary results for autoxidation lipids ex
tracted from the skin and meats of mackerel are also presented for evaluating 
significance of skin as a highly sensitive site to test for the development of 
ox:diation.

Materials and methods
Mackerel destined for this study were obtained from the trap fisheries in the 
area outside Halifax Harbour. Fish caught in October (autumn) and June 
(spring) of 1974 were transported iced in 100-lb boxes to our laboratory with
in less than 6 hr after landing. The fish were washed under clean conditions and 
frozen in the round and unwrapped respectively at -15°C  for spring and
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autumn mackerel, and -3 0  and —40 for autumn fish. After a suitable period of 
frozen storage, six fish were partially thawed and dissected into pooled samples 
designated as head, white muscle, dark muscle, belly flap, viscera, eggs and skin 
including the thin fat layer under the skin.

A distillation-colorimetric method (Tarladgis, Watts & Younathan, 1960) 
was modified and used for estimating thiobarbituric ac:d (TBA) molar value 
(pmol MA/kg fish). A fish sample (10 g) was blended with H20  (30 ml) for 
2 min at medium speed in a Waring Blendor. The homogeneous slurry sample 
(40 g) was diluted with H20  (65 ml) in a 250-ml beaker The pH was adjusted 
to 1.5 using 4 N HC1. The sample was transferred to a 500-ml distillation flask. 
A rinse of H20  (5 ml) was combined with the sample solution in the flask. 
Propyl gallate (100 mg) and disodium-EDTA (100 mg) were added to the sam
ple and the flask connected to a distillation apparatus. This consisted of a 
30-cm vertical, air-cooled, reflux column and a 30-cm vertical condenser joined 
by a U-type connector with a double vapour bulb on the top of the reflux 
column. Distillate (50 ml) was collected within 15-20 min from the initiation 
of boiling. An aliquot (5 ml distillate) and a blank (5 ml H20 ) were reacted 
with 5 ml 0.02 M TBA reagent in screw cap test tubes (15 ml) placed in a boil
ing water bath for 40 min. The solutions were cooled to room temperature and 
the absorbance was measured at 538 nm. The TBA molar value was obtained 
from a calibration curve for the range of 0.1 to 5.0 x 10“6 M of malonaldehyde 
(equal to 1 to 50pmol/kg fish), using 1,1,3,3-tetraethoxypropane as standard.

Lipids were extracted from the mackerel samples by the method of Bligh & 
Dyer (1959). Peroxide values (POV), the content of free fatty acids (FFA) and 
the iodine value (IV) were determined by the American Oil Chemists’ Official 
Methods Cd-8-53, Ca-5a-40 and Cd-1-25 (1972). Lipids (about 50 mg) of head, 
skin, white and dark muscle were converted to methyl esters, respectively, by
T able 1. Average and range o f lipid co n te n t and seasonal changes in various parts o f m ackerel

Sam ple

L ipid (%) *
Seasonal
increase
(% )t

Iod ine V a lu e !

Spring A u tum n Spring A utum n

Average Range Average Range

Head 13.8 1 1 .6 -1 6 .0 17.3 1 5 .3 -1 8 .5 25 110 112
W hite m uscle 1.8 1 .3 -2 .7 1 1.8 9 .9 -1 3 .8 550 90 92
D ark m uscle 13.6 1 0 .1 -1 9 .8 19.0 1 5 .9 -2 0 .4 40 98 104
Belly flap 15.7 1 2 .0 -1 9 .8 38.9 3 4 .0 -4 4 .6 150 107 112
Viscera 3.3 2 .3 -4 .1 10.2 9 .8 -1 0 .5 210 126 114
Eggs 8.4 6 .7 -9 .1 - - - 116 -
Skin 26.3 2 0 .0 -3 2 .6 47.9 3 9 .8 - 5 4 .9 82 106 105

* Average and range w ere o b ta ined  from  six de term inatio n s.
t  Seasonal increase = (fa t co n ten t o f au tu m n  fish — fa t co n ten t o f spring fish )/(fa t co n 

te n t o f spring fish) x 100%.
|  Iod ine  values w ere th e  average o f tw o  analyses.
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Table 2. Changes in o x id a tio n  o f  lipids in various p a rts  o f fro zen  m ackerel*

Frozen  
tem p. (°C )

Sam ple Storage tim e (m o n th )

0 1 2 3 6 9 12
TBA m olar value (/a m ol/kg  fish)
- 1 5 Head 2.9 (1 .9 ) 6 .0  (6 .5 ) 13.3 (12 .3 )

G uts 4 .7  (4 .5 ) 6.6 (5 .4 ) 1 1 .0 (1 3 .1 )
W hite m eat 2.4 (2 .0 ) 2.6 (2 .2 ) 6.8 (7 .1 )
Dark m eat 4 .2  (2 .6 ) 5.4 (3 .9 ) 8 .2  (7 .9 )
Skin 5.8 (2 .5) 1 4 .2 (1 3 .5 ) 58.9  (5 5 .0 )
Belly flap 2.1 (2 .4 ) 3.5 (4 .3) 9.6 (9 .2 )
Eggs -  (6 .7 ) (6 .1 ) -  (8 .0 )

- 3 0 Head 2.9 4.0 — 7.4 10.9 17.8 22.6
G uts 4.7 5.1. - 6.6 8.9 10.1 12.2
W hite m eat 2.4 3.0 — 4.6 4.9 4.8 5.4
D ark m eat 4.2 5.8 — 11.0 18.7 21 .4 27.5
Skin 5.8 8.5 - 17.0 44 .0 60 .0 —
Belly flap 2.1 3.8 - 8.6 9.5 10.0 10.8

- 4 0 Head 2.9 — 3.5 — 6.7 _ 10.4
G uts 4.7 — 4.9 - 5.4 — 7.1
W hite m eat 2.4 - 2.9 - 3.4 — 4.5
D ark m eat 4 .2 - 5.8 - 7.3 — 15.9
Skin 5.8 - 8.6 — 12.7 — 28.9
Belly flap 2.1 - - - 3.0 - 3.6

POV (m  equiv ./kg  oil)
- 1 5 Head 0 (0) 0.3 (0 .2) 3.1 (2 .6)

G uts 0 (0) 0 .4  (0 .4) 1.4 (1 .0 )
W hite m eat 0 (0) 0 (0 ) 0 (0)
Dark m eat 0 (0) 0.1 (0 ) 1.2 (0 .9)
Skin 0 (0) 0 .9  (1 .3 ) 1 1 .4 (1 2 .0 )
Belly flap 0 (0) 0.1 (0 ) 1.0 (1 .3 )
Eggs - ( 0 ) - ( 0 ) - ( 0 )

- 3 0 Head 0 1.0 — 3.2 4.5 5.1 _
G uts 0 - - 2.9 5.2 — 8.5
W hite m eat 0 0 - 0 1.3 1.0 2.5
D ark m eat 0 0 — 1.1 6.4 8.8 11.6
Skin 0 0.3 — 1.5 4.7 6.7 9.8
Belly flap 0 - - 1.0 2.2 2.5 -

- 4 0 H ead 0 — 0.5 - 1.9 - 3.9
G uts 0 - 0.2 - 0.9 - 0.8
W hite m eat 0 - 0 - 1.1 — 1.5
D ark m eat 0 — 0.3 - 2.1 - 4.8
Skin 0 - 0 - 1.8 — 3.7

* D ata presen ted  w ere fro m  1974 au tu m n  m ackerel ex cep t th a t spring m ackerel o f 1974 fro zen  
a t  - 1 5°C  w ere also listed  in  th e  b rackets  fo r com parison.
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refluxing for 10 min with 5 ml of 7% BF3 in methanol (Morrison & Smith,
1964). The operations of lipid extraction and all analyses were carried out 
under nitrogen. The fatty acid composition was determined by GLC using a 
Perkin-Elmer 900 gas chromatograph with a flame ionization detector and a 
wall-coated open-tubular capillary column (stainless steel 46 m x 0.25 mm I.D.) 
coated with SILAR-5CP (Applied Science Lab.) and operated at 180°C and
2.5 kg/cm2 He. Peaks were identified and quantitated as in a previous report 
(Ackman & Eaton, 1971). The monocarbonyl aldehydes from the volatiles of 
these lipids were also estimated by a combination GLC procedure as described 
elsewhere (Ke, Ackman & Linke, 1975a).
Results and discussion
The averages and ranges of lipid contents in various parts of mackerel landed in 
the spring and autumn of 1974 are summarized in Table 1. In general, the re
sults agreed with the incomplete data in the previous reports (Ackman & Eaton, 
1971; Hardy & Keay, 1972; Kinsella et al., 1975). The skin samples always in
cluded the thin fatty layer immediately underneath the skin and had the high
est lipid content of all the sites sampled, respectively 48% in autumn fish and 
26% in spring fish. The lipid contents in the edible parts of mackerel (in des-

Figure 1. T he reac tio n  ra tes  o f lipid o x id a tio n  in  term s o f  th e  change o f  TBA
m olar value fo r a u tu m n  m ackerel s to red  a t  —15 and —30 C. S k in --------------- ;
w h ite  m u s c le ...............; da rk  m u s c le ---------------; belly  f l a p -----------------



42 P . J. K e  e t al.
cending order from that of skin) were: belly-flap, dark muscle and white muscle. 
The latter contains the smallest amount of lipid and has the largest seasonal 
variation at 550% from spring to autumn mackerel. The iodine value (I.V.) of 
lipids from various parts of fresh mackerel were also determined for comparison 
of the degrees of lipid unsaturation and are listed in Table 1. The I.V. of lipids 
from white muscle and dark muscle were the lowest, 90 and 98 for spring 
mackerel, and increased slightly in the following order of skin, belly flap, head 
and viscera. The I.V. in most parts of the autumn mackerel were higher due to 
seasonal variation except a slightly lower I.V. has been found in the skin and 
viscera.

The development of lipid oxidation in various parts of spring and autumn 
mackerel stored frozen in the round at — 15°C, and of autumn fish stored 
frozen in the round at —30 and —40°C, in terms of TBA and POV changes, 
has been followed for a year and the results are presented in detail in Table 2. 
In general, no significant seasonal variation has been observed in various parts 
of mackerel frozen at — 15°C. The TBA value as a function of storage time has 
been plotted in Fig. 1 to demonstrate the rapid change in the skin sample in 
comparison with other tissues from autumn mackerel. As shown in Table 2, at 
— 15°C the TBA molar value in the skin, after two months storage, has increased 
eight times faster than in the white and dark muscles even though the dark 
meat contains up to 50% of the lipid in the skin (Table 1). However, when the 
storage temperature was lowered to —30°C, the increase of TBA molar value 
become much slower in the skin, but was relatively faster in dark muscle than 
in white muscle. For example, the TBA molar value in the skin after nine 
months’ storage at —30°C was thirteen times higher than in the white muscle, 
but only three times more than in the dark muscle. Furthermore, the TBA 
molar values in the skin and dark muscle were almost at the same level in the 
fish stored frozen at —40°C for one year (Table 2).

Comparisons of changes in POV values for the skin and dark muscle at three 
frozen storage temperatures are plotted in Fig. 2. From these curves of POV 
change, the rate of oxidation, which gives values eleven times higher in the skin 
lipids than in the dark meat lipids for storage at — 15°C for two months, is 
shown to be reduced remarkedly by lowering the frozen storage temperature 
to —30 and —40°C. At the latter temperature POV in skin is 20% lower than in 
the dark muscle after one year. Based on the POV change in the white muscle 
lipids, the increases of POV in dark muscle were also elevated, relatively, when 
the frozen storage temperature was lowered (Table 2). However, it should be 
noted that the overall rate of lipid oxidation in the skin was significantly re
duced by lowering the frozen storage temperature.

It appears that the oxidation of the reactive lipid system in the skin of mac
kerel which may contain some pro-oxidants, is temperature dependent. A cata
lytic effect on skin lipid oxidation, which can be retarded by decreasing the 
frozen temperature to -40°C , seems more plausible than an effect based on 
changes in the physical properties of this high-fat system. The reasons for a 
slight increase of oxidation in the lipids of dark meat, relative to skin, when the
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Figure 2. T he rates o f fo rm atio n  o f perox ides in th e  skin ( --------- ) and th e  dark
m uscle ( ------------- ) o f au tu m n  m ackerel in fro zen  storage at -1  5, - 3 0  and -4 0 ° C .

temperature was lowered are not yet clear. The repression effect of lower tem
peratures on development of oxidation in the lipids of dark muscle seemed to 
be small but the physical state of systems present in the dark meat including 
heme compounds (Nagayama et al., 1971) and liquid water (Sussman &Chin,
1966) could be responsible. The oxidation of linoleate catalysed by extracts of 
defatted mackerel (Scomber japonicus) tissue has been studied. The dark 
muscle and liver, which both contain high levels of theme compounds, were 
confirmed to be active in accelerating the oxidation reaction (Nagayama et al.,
1971).

The changes of FFA content in various parts of frozen mackerel are also 
listed in Table 2. The formation rates of FFA in different parts of frozen 
mackerel are approximately proportional to their fat content, except that as 
expected the visceral lipids were the fastest to decompose (Fig. 3). The sub
cutaneous (skin) lipids were very slowly hydrolysed (Fig. 3), perhaps because 
they are nearly pure triglyceride. Obviously the production of FFA by lipid 
hydrolysis in mackerel stored frozen at — 15°C, takes place at a moderate rate, 
but for all parts of the fish has been effectively retarded in the fish stored at 
—30°C, and is completely inhibited at —40°C.
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Storage time (months)

Figure 3. T he change o f  F F A  fo rm atio n  fo r au tu m n  m ackerel in  fro zen  storage
a t —15 and — 30°C . S k in ----------- ; w h ite  m u s c le .................; da rk  m u s c le -------------- ;
v is c e ra ------------------ .

The primary products of lipid oxidation are hydroperoxides, but these are 
readily decomposed to secondary reaction products, particularly carbonyl com
pounds (Ke et al., 1975a). Consequently, the development of oxidative ran
cidity should not be judged by the determination of the primary oxidation pro
duct, but rather by determining secondary oxidation products (Pokorny & 
Janicek, 1973). Furthermore, both the formation of certain carbonyl compon
ents (McGill, Hardy & Burt, 1974; Trofimov & Kanaev, 1973; Meijboom & 
Stroink, 1972) and changes of fatty acid composition (Shono & Toyomizu, 
1972; Trofimchuk & Pervuninskaya, 1974) can serve as criteria for evaluation 
of oxidative rancidity in frozen fish. The differences of fatty acid composition 
and aldehydes content in total lipids of fresh white muscle, dark muscle, head 
and skin (sample A) are presented in Table 3. By comparing polyene index and 
monoene index in these four samples, it is clearly seen that proportionately the 
skin lipid contains the most of monounsaturated fatty acids and the least poly
unsaturated acids.

The white muscle lipids contain the smallest amount of aldehydes, which are 
two or three times higher in the dark muscle and head lipids. Even in ‘fresh’ 
mackerel the highest quantities of all the different monocarbonyl compounds 
were found in the skin lipids. Since the changes of fatty acid and aldehyde are 
small in the first stage of frozen fish, only data from skin lipids of mackerel 
which had been stored frozen at — 15°C for two months (sample B), are listed 
in Table 3 for comparison with the fresh fish analytical data. Based on these
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Table 3. C om position  o f  fa tty  acids and m on ocarbo ny l aldehydes in the  lipids ex trac ted  
from  head, skin, w h ite  and dark  m uscle o f spring m ackerel (six p oo led  fish)

C om position W hite
m uscle

D ark
m uscle H ead Skin*

A B

F a tty  acids (m o l %)
14 : 0 6.1 6.4 8.0 9.4 9.8
16 : 0 15.7 18.6 15.2 15.5 17.0
18 : 0 3.2 3.0 2.4 2.0 2.3

T o ta l sa tu ra tes 28.1 30.5 29.1 28.4 31.8
16 : 1 5.9 6.2 7.2 4.5 5.0
18 : 1 10.7 10.8 12.6 12.1 10.0
20  : 1 12.5 9.4 11.6 14.1 14.7
22 : 1 16.0 13.7 14.3 19.9 20.3

T o ta l m onoenes 46 .9 4 2 .0 47 .9 51 .0 51.2
18 : 4 2.7 2.8 4.2 5.8 4.7
20  : 5 7.4 6.4 5.8 5.0 4.6
22 : 6 11.6 13.2 7.6 4.6 4 .4

T o ta l polyenes 25 .0 27.5 23 .0 20.6 17.0
P oly ene in d e x ) 0.995 0.896 0 .759 0.606 0.507
M onoene in d e x ) 1.798 1.356 1.659 1.819 1.679
M ono carbon y l aldehydes (m ol/g  oil x 10"9 )

n-propanal 4.1 8.5 9.8 16.5 39.1
n-pen tano l 0.5 0.8 1.6 3.1 8.0

T o tal alkanals 4.8 10.7 14 .: 22 .9 54.9
n-hexenal - 0.4 0.5 2.0 2.9

T otal alkenals 0.2 0.9 0.8 3.7 3.5

* Skin  sam ples A and  B w ere o b ta in ed  fro m  th e  sam e lo t o f fish  w hen  fresh  and a fte r  
being s to red  fro zen  a t  —15°C fo r  tw o  m o n th s , respectively , 

f  Polyene index  = ( 1 8 : 4  + 2 0 : 5  +  2 2 :  6 )/( 14 : 0 +  16 : 0).
$ M onoene index  = (18  : 1 + 20 : 1 +  22 : 1 )/(14  : 0 +  16 : 0).

two limited sets of data, we reached the unexpected conclusion that although 
polyunsaturated fatty acids are definitely oxidized faster than monoenes in the 
skin fats of frozen mackerel, a process which has a parallel in mackerel oil aut- 
oxidized at 60° C (Ke etal., 1975b), the monoenes are also oxidized fairly rapidly. 
Although an increase of aldehyde formation was recorded in the oxidized skin 
lipids and all component aldehydes have been increased, the compositional 
pattern is not changed. These observations suggest an active and non-selective 
process of autoxidation in the skin fat. The skin in fish is an important defen
sive mechanism and is biochemically active, secreting lipids among other 
materials (Lewis, 1970). The degree to which the subcutaneous fats associate 
physically with the dermis varies with the species (Yamada & Nakamura, 1964;



46 P . J . K e  e t al.

Figure 4. C om parison  o f th e  ra te  o f o x id a tio n  reac tio n  a t 60°C  fo r th e  lipids 
fro m  skin and  m eat o f  m ackerel.

Yamada, 1972; Flo et al., 1972; Mohr, 1972). In terrestrial animals skin lipids 
may have different functions, for example in conserving water, but among pos
sible recent relevant reports it has been shown that the skin is an active site of 
fat reactions in the human, rat, snake and chick (Ahem & Downing, 1974; 
Pane, Becchetti & Carinci, 1974; Wheatley et al., 1971; Yeh & Leveille, 1973) 
and considerable amounts of various enzymes have been found in skin samples.

However, we are unaware of studies into lipid oxidation in the skin of frozen 
mackerel (or other fatty fish) yet, particularly as to the catalytic effect on oxi
dative rancidity. Lipids extracted from the skin and the meats (i.e. the skin-off 
fillet includes both white and dark muscles) of fresh mackerel have been oxidized 
in vitro at 60° C to compare their comparative rates of autoxidation by using 
a simple weight gain method (Notevarp & Chahine, 1972). The results as a 
function of time have been plotted in Fig. 4. The unusual difference of the re
action rate between skin and muscle lipids are indicated clearly by both the 
induction period and by the overall accumulation of oxidation products. The 
compositions of fatty acid in the skin and muscle lipids (Table 3) are not very 
different and cannot be regarded as a key answer to the rapid oxidation in the 
skin lipids. The muscle sample includes more phospholipids (cf. Ackman & 
Eaton, 1971). The oxidation in vitro shows that the faster oxidation of skin 
lipid is probably not due to the greater surface/mass ratio of the skin in vitro 
and that there must be some fat soluble substance in the mackerel skin lipids 
which catalyses their unusual lipid oxidation.

From this study we conclude that some non-selective fat solvent extractable, 
pro-oxidant compounds are present in the mackerel skin. Their effect is tem
perature dependent in the frozen condition but their catalytic activity on lipid
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oxidation can be inhibited by lowering the frozen storage temperature to 
-4 0 °  C. The complete solution to the problem of why the skin lipids from mac
kerel are oxidized much faster than the meat fats is probably not simple. Inter
acted protein-lipids (Karel, 1973) or unknown biochemicals, not necessarily 
those which can still be active in lipid oxidation under frozen conditions (e.g. 
— 15°C), may provide some leads for future research.
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The d e te rm in a tio n  o f  freezan t residues in  praw ns 
frozen  by  co n ta c t w ith  d ich lo rod ifluo rom ethane

J. R. CARTER and R. S. KIRK

Summary
A method has been developed, based on headspace gas chromatography, for the 
determination of freezant residues in prawns frozen by contact with liquid 
dichlorodifluoromethane (DCDFM). Detector response was linear up to 300 pg 
DCDFM injected. This level is two orders of magnitude higher than the maxi
mum permitted limit in the U.K. for residual DCDFM. Recoveries of DCDFM 
from ‘spiked’ samples were in the range 77 to 105%. A storage trial was set up 
to measure the fall of residual DCDFM levels with time during storage under 
deep freeze conditions.

Introduction
Since the first demonstration in 1969 by E.I. Du Pont de Nemours of a liquid 
‘Freon’ freezant system (Lawler & Trauberman, 1969) there have been numer
ous publications (e.g. Daly, 1973; Astrom, 1975) describing the advantages of 
freezing foods by direct contact with liquid dichlorodifluoromethane (DCDFM) 
freezant. The principal advantages quoted are quality improvements for a 
limited range of products, e.g. individual sticky foods which do not freeze well 
by conventional methods, and cost savings over the other permitted contact 
freezants, viz. carbon dioxide and liquid nitrogen. Guillot (1974) has con
tributed a useful review and full bibliography. It was not until 15 October 1975, 
when an amendment (Statutory Instrument, 1975) was made to the Miscellan
eous Additives in Food Regulations 1974, that DCDFM was permitted as a 
food additive in the United Kingdom. These amended regulations impose a 
limit on the amount of DCDFM in or on frozen food and specify a residue limit 
of 100 mg/kg determined when the food is fully thawed at, and to, 20°C.

Although there are many references to the use of DCDFM as a contact 
freezant, there have been only two references (Crawford, Finch & Daly, 1969;

Authors’ address: Department of Industry, Laboratory of the Government Chemist, 
Cornwall House, Stamford Street, London SE1 9NQ.
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Bucholz & Pigott, 1972) to a method for the determination of DCDFM resi
dues in foods. Crawford et al. gave very brief details of the method in use at 
the ‘Freon’ Products laboratory of Du Pont de Nemours in Wilmington, Dela
ware, U.S.A. The method consisted of sealing samples of frozen food in aerosol 
cans which, after thawing at room temperature, were punctured via a suitable 
valve system and a vapour sample introduced on to a gas chromatographic 
column. Column packings recommended were 20% di-2-ethylhexyl sebaeate on 
Chromosorb W, 60—80 mesh, and Porapak Q, 80—100 mesh, using thermal con
ductivity detection. Bucholz & Pigott (1972) describe a similar method includ
ing the addition of carbon tetrachloride to the sample in the can.

The object of this present work was to develop a simple method based on 
headspace gas chromatography for determining DCDFM residues in frozen and 
thawed foods. The chosen method was developed from the so called ‘hot jar’ 
technique currently being applied in this laboratory to the determination of 
volatile organic contaminants in foods and plastic packaging materials (Report 
of the Government Chemist, 1975).

From a study of the available literature, the main application of DCDFM 
appeared to be in the freezing of individual items of sea food and soft fruits. 
Prawns were selected as a suitable test material for method development and 
a quantity of material was frozen and kept in a commercial deep freeze cabinet 
for a period of more than two months. During this period it was possible 
to establish a ‘loss with time’ profile for the freezant materials. Several com
mercially available samples of frozen prawns were also tested for DCDFM 
content.

Experimental
Method development

Several gas chromatographic column packings were assessed, firstly for their 
ability to separate naturally occurring volatile components of the prawns from 
DCDFM and secondly for their ability to give reasonable retention times. The 
packing with the optimum properties was Porasil B (Waters Associates) mesh 
80 — 100 packed in a 2 mx 2.2 mm internal diameter stainless steel column 
operated isothermally at 60°C with a nitrogen carrier gas flow of 30 ml per 
mm. The gas chromatograph used was the Perkin-Elmer F-30 instrument 
equipped with flame ionization detection (FID). The detector block was 
maintained at 150°C and the inlet port at 100°C. At the conditions selected, 
the retention time of DCDFM was 1.4 min.

The method for the determination of DCDFM residues consisted of weigh
ing a 10-g sample of frozen prawns into a shallow dish which was then trans
ferred to a cabinet at 20°C in which the sample was allowed to thaw (time 
taken for prawns to reach 20°C was approximately 2 hr). Individual thawed 
samples were then transferred to 125 ml (nominal volume) Hypo-vials (Pierce 
Chemical Co.) which were immediately sealed with butyl rubber serum caps.
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Frozen samples for analysis were weighed directly into the vials, large 
prawns being chopped with a sharp knife to facilitate transfer through the 
necks of the vials. Weighing and capping was carried out as quickly as possible 
to avoid loss of volatile material. The sealed vials were heated in an air oven 
at 135°C driving the volatiles into the head-space. Whereas 15 min heating was 
found to be sufficient for thawed samples, frozen samples required up to 30 
min. On removal from the oven 0.5-ml samples of the hot headspace were 
transferred to the gas chromatographic column by use of a gas-tight syringe 
(Hamilton). The following rigidly standardized syringe transfer technique was 
used in order to obtain reproducible injections of hot headspace. Immediately 
on removal from the oven the vial was suitably lagged to avoid heat loss, the 
syringe was flushed with headspace a set number of times in order to pre-warm 
it and the actual transfer and injection performed as rapidly as possible.

Headspace gas standards were prepared by weighing amounts of DCDFM 
(from an inverted lecture bottle of Mathesons Gas Products ‘Freon’ 12) into 
tared vials which were quickly capped and sealed before reweighing. Stand
ards at low concentrations were prepared by dilution of headspace gas into 
freshly sealed vials by use of a 5-ml gas-tight syringe (Hamilton). Headspace 
gas standards were chromatographed as for the prawn samples, i.e. after heat-

peak area.
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ing at 135°C for 15 min and calibration curves plotted of peak areas v. milli
grams DCDFM. An Infotronics model CRS 204 integrator was used to measure 
peak areas. Recovery experiments were performed by adding known amounts 
of DCDFM to 10-g portions of thawed prawns contained in vials and following 
the sampling procedure described above.

Sample preparation and examination
Fresh, whole, unpeeled prawns (Pandalus borealis) were purchased. Approxi

mately 300 g were treated with liquid DCDFM in a Dewar vessel for 3 hr. 
Liquid DCDFM was obtained by cooling an aerosol can of laboratory ‘Freon’ 
propellant (previously demonstrated by gas chromatography to be composed 
solely of DCDFM) in a solid carbon dioxide-methanol freezing mixture before 
opening the can. After treatment, the prawns were packed in sealed polythene 
bags and stored in a deep freeze chest. Residual levels of DCDFM in the prawns, 
both frozen and after thawing, were monitored over a ten-week period.

Several commercially available samples of cooked, peeled, frozen prawns of 
unknown freezing history were purchased and tested for DCDFM content, both 
in the frozen state and after thawing. Electron capture detection (ECD) was 
used for some determinations to investigate any possible merits that this detec
tor may have displayed over FID.

Results and discussion
Gas chromatography o f  headspace gas standards

A calibration graph over the range 0—2 mg DCDFM per vial is shown in Fig. 1. 
This range corresponds to 0 -6 .5  pg per 0.5 ml headspace gas injection. The 
true volume of the Hypo-vials used was 155 ml. Figure 2 is a similar calibration 
graph over the range 30—230 mg DCDFM per vial, corresponding to 97-742  pg 
per 0.5 ml injection. Loss of linearity is indicated above about 100 mg (322 pg 
injected). Since this corresponds to a residue level in prawns of 10 000 mg/kg it 
is not considered to be a serious limitation to the method. At the present U.K. 
statutory limit of 100 mg/kg (1 mg per vial or 3 pg injected) the flame ioniza
tion detector was well within its linear dynamic range. Flame ionization detec
tion is normally considered to possess a wide dynamic range; however, the 
presence of halocarbons burning in the flame releases free halogen ions which 
exhibit an electron capturing effect (Lovelock, 1961). This effect, causing 
characteristic ‘cut-off’ peaks, was evident at around 1000 mg per Hypo-vial, i.e. 
corresponding to 3 mg injected. All headspace gas standards were injected hot 
following the same procedure as used for the prawn samples. However, it was 
found that on re-injection at room temperature the peak heights obtained were 
substantially constant. The headspace gas standards remained constant giving 
reproducible peak heights on repeated injection over a period of several weeks.
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Figure 2 Calibration graph of milligrams of DCDFM per vial against integrated 
peak area.

Recoveries
The amounts of DCDFM recovered from duplicate analysis of ‘spiked’ 10-g 

samples of prawns are shown in Table 1.
Each determination was an average of at least three repeat injections. It can 

be seen that average recoveries were between 80 and 97% over the range 0.24 
to 97 mg DCDFM added to 10-g prawns, equivalent to 24 to 9700 mg/kg. Such 
a range is adequate for examination of normal commercial material against the 
prescribed statutory limits.

Storage trial
Levels of residual DCDFM found in laboratory prepared frozen prawns dur

ing storage in a deep freeze cabinet are shown in Table 2.
The results given are the average of at least two determinations and each 

determination was based on at least three repeat injections. The DCDFM con
tent after forty-two days can be discounted as a rogue result.

The exponential decay of residual DCDFM in frozen prawns with time is
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Table 1. Recovery of DCDFM added to prawns

J. R . C arter a n d  R . S. K irk

DCDFM added (mg) DCDFM found (mg) Recovery (%)
0.24 0.21 0.25 87 104
0.40 0.32 0.36 80 90
0.79 0.71 0.80 90 101
1.59 1.42 1.50 89 94

16.8 13 14 77 83
20.5 18 19 88 93
36.6 32 32 87 87
50 49 45 98 90
97 87 100 90 103

110 116 — 105 —

Table 2. DCDFM 
freeze cabinet

content of frozen prawns stored in a deep

Days after 
freezant treatment

DCDFM (mg/kg) in
Frozen prawns Thawed prawns 

(2 hr at 20°C)
1 6500 650
5 4800 800

13 3200 130
20 1094 75
27 136 16
34 69 18
42 - 40
72 22 9

shown in Fig. 3. The very high initial levels show a rapid fall during deep freeze 
storage to below the permitted statutory limit after thawing at 20° C to 
20° C. The effect of thawing was generally a reduction of approximately 90% 
of the DCDFM present in the frozen material.

These results found are somewhat at variance with figures quoted by 
Bucholz &Pigott (1972) who found initial levels for DCDFM residues in fish 
immediately after freezing of around 3000 mg/kg with a rapid decline to 100— 
300 mg/kg within 30 min. However, details are not given of holding con
ditions between freezing and sampling.
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Days
Figure 3 Residual DCDFM level (mg/kg) in frozen prawns plotted against time 
(days) in deep freeze storage.

All headspace gas samples above prawns were injected hot; on repeat injec
tions after cooling to room temperature it was found that peak heights were 
reduced. This is contrary to the findings for the headspace gas standards and it 
is assumed that there was some reabsorption of DCDFM by the prawns.

A n a l y s i s  o f  c o m m e r c i a l  s a m p l e s  o f  f r o z e n  p r a w n s  a n d  c h r o m a t o g r a p h i c  
i n t e r f e r e n c e

Four retail packs of frozen prawns, from Malaysia, Canada, Singapore and 
the U.K., purchased in February 1976, were examined by the above method. 
The Canadian sample showed evidence, using FID only, of a very small peak on 
the chromatogram at the same retention time of DCDFM. This peak on extra
polation, expressed as DCDFM, corresponded to an insignificant level of 
0.02 mg/kg after thawing. None of the samples carried a declaration on their 
labels that the product had been contact frozen with permitted liquid freezant. 
Using the column and conditions described, relatively simple chromatograms, 
as shown in Fig. 4, were obtained from the storage trial prawns and there was
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Figure 4 Chromatograms of 0.5 ml hot headspace from a vial containing 10 g 
thawed prawns from the storage vial, (a) Containing no DCDFM; attenuation 
1 X 2. (b) Containing 0.18 mg DCDFM (corresponding to 0.58 pg injected); 
attenuation 1 X 16. Integrated peak area = 186 X 103 equivalent to 18rr_g 
DCDFM per kilogram of prawns.

no interference on the chromatograms from other volatiles natural to the 
prawns. The method developed for prawns was intended to be applicable to 
other foods likely to be frozen using DCDFM, e.g. soft fruits. Such other foods 
may or may not contain interfering components. Where interference occurs, 
the specificity of electron capture detection (ECD) may be of value. However, 
the dynamic range of ECD is far more limited than that of FID. Electron cap
ture detection was used for some prawn samples and considerably enhanced 
sensitivity to DCDFM was shown compared with FID. This increased sensitiv
ity would only be of use at very low levels and may be considered of limited 
value when considering the relatively high permitted maximum limit set for 
DCDFM residues in frozen food. The advantage of the specificity of ECD was 
no: evident in the case of prawn samples, since due to the enhanced sensitiv
ity, there were more peaks on the chromatrograms than those obtained using 
FID.

Conclusions
The method described by Crawford et al. (1969) for the determination of 
DCDFM residues, although basically a headspace gas chromatographic method, 
requires access to equipment for filling and sealing aerosol cans and a specially
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designed puncturing valve system for removing samples from the can. The ‘hot- 
jar’ method developed in this laboratory using Hypo-vials and manual injection 
of headspace is simple and easy to use. The initial difficulty of obtaining repro
ducible manual injections of hot headspace gas was overcome by use of a prac
tised injection technique.

The electron capturing effect observed during the passage of high levels of 
DCDFM through the flame ionization detector was not considered to be a limi
tation to the method at the levels anticipated in foods. The DCDFM treatment 
employed for the storage trial was very severe compared with normal commer
cial practice. However, the results indicated that if a considerable excess of 
DCDFM was used in the freezing of food, resulting in massive residual levels, 
there was a fall to below the legal limit within about eighteen days’ deep freeze 
storage.

It is hoped that the method developed for prawns will be applicable to other 
foods. The use of ECD offers no real advantages for prawns but may be of use 
in the examination of other foods. Alternatively, use of the Hall detector (Hall,
1974) which is known to possess high specificity towards halogenated com
pounds may be worthy of investigation in this context.
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C olour re ten tio n  in  sw eet red  paprika {C apsicum  ann uu m  L .) 
pow der as affec ted  by  m o istu re  co n ten ts  and ripening stage*

J. KANNER, STELLA HAREL, D. PALEVITCH a n d  I. BEN-GERA

Summary
The stability of carotenoids in paprika powders was studied at controlled 
humidity and temperatures during a period of eighty-five days. Reduction in 
colour intensity during storage at high temperature was rapid in powders with 
low (1%) moisture contents. Increasing the moisture contents to 14% enhanced 
colour stability and precluded pigment destruction. The ripening stage of the 
fruits from which the powder was processed also affected colour deterioration 
during storage. In powder stored under low moisture conditions produced from 
fruits allowed to dry on the plant for a considerable time, pigment deteriora
tion was more rapid than in powder produced from fruits harvested ripe but 
still succulent.

Introduction
Red pepper fruit of the paprika type is used as raw material for the preparation 
of spices or in the production of colour concentrates for use as natural colour
ing in the food industries. It is obtained by extracting the lipid-oleoresins frac
tion. The colour components of red pepper are carotenoids, most of them 
specific to pepper fruits. The principal ones are Capsanthin, which constitutes 
about 40% of the total carotenoids present, 0 carotene (20%) and Capsorubin 
(10%) (Curl, 1962; Simpson et a l, 1974). The colour intensity of the raw 
material determines the quality of the materials derived from it. Deterioration 
of the pigments is likely to occur as a result of unsatisfactory storage con
ditions of the raw material before processing. It was found that the moisture 
contents of the raw material, the temperature at which it is stored and the 
composition of the atmosphere, are critical factors in the maintenance of 
pigment intensity (Lease & Lease, 1956; Chen & Gutmanis, 1968).

* Contribution from the Agricultural Research Organization, Israel, 1974 Series, No. 
278-E.

Authors’ addresses: Division of Food Technology and Division of Vegetable Crops, 
Agricultural Research Organization, The Volcani Center, Bet Dagan, Israel.
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When paprika fruits were allowed to dry in the sun on the plant itself be

fore harvest, there was a considerable increase in the dry matter content of the 
subsequently harvest fruit, however, the dry matter yield did not vary during 
the drying period (Palevitch e t  a l . ,  1975). Leaving the fruit to dry in the sun re
sulted in a considerable saving in transport, storage volume, as well as in the 
energy required to dehydrate the fruits. It also opens up possibilities of once
over mechanised harvesting of high quality fruits.

The aim of the present work was to elucidate the effect of varying moisture 
contents of powders stored at high temperature on pigment stability in pow
ders produced from fruits picked in a once-over harvest.

Experimental
P l a n t  m a t e r i a l

Fruits of cv. Mild California (Peto Seed Corporation, U.S.A.) were picked in 
a single once-over harvest on 1 October 1972, 146 days after sowing. The fruits 
were graded into three classes, in accordance with their ripening stage succu
lent fruits, half dry fruits and dry fruits.

P r e p a r a t i o n  o f  p o w d e r

The pepper powder was prepared by drying the fruits of all three classes in a 
drying tunnel at 55°C for 24 hr. After drying, the fruits, without stalk cr seeds, 
were pounded in a Waring Blendor and the powder obtained was sifted through 
a 40 M.S. plastic mesh sieve.

C o l o u r  d e t e r m i n a t i o n s

Colour intensity was determined by the A.S.T.A. method (Anon, 1963).

I n v e s t i g a t i o n  o f  t h e  e f f e c t  o f  s t o r a g e  p e r i o d

The powders were placed in 6 cm open plastic jars. The depth of the powder 
layer was 0.5 —1.0 cm. The jars were then put in desiccators in the base of 
which a saturated salt solution was placed in order to obtain different degrees 
of water activity.

Different degrees of moisture were obtained as a result of the use of differ
ent salts, as detailed below (Rockland, 1960).
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Salt solution Water activity %1V
CaCl2 + CaS04 anhydrous 0.01 1.0
NgCl2 0.32 4.0
Mg(N03)2 0.52 7.5
CH3COOLi 2H20 0.64 14.0
NaCl 0.75 28.0

The desiccators with the salts and with the paprika powders were placed in 
an incubator at 37°C. They were opened daily for several minutes to allow 
fresh air to penetrate. According to Rockland (1960), relative moisture values 
obtained by saturated solutions of these salts are not affected by temperatures 
in the range of 5-40°C.

Results and discussion
In Fig. 1 are presented the data recorded when paprika powder was stored 
for eighty-four days at 37°C. The powder was produced from fruit picked in a 
single harvest at various stages of ripening.

The results show that the moisture level and ripening stage considerably 
affected the deterioration rate of the colour intensity of the stored powder. In
creases in the aw values increased the colour stability during storage, with 
greatest stability when the aw was 0.64 (relative moisture, 14%). Increasing 
the moisture level above this value caused a reduction in colour intensity. The 
results indicate that when the powder is kept at the appropriate moisture there 
is only a minimal loss in colour intensity even at a high storage temperature, for 
a period of about eighty days.

Initial colour intensity was highest in powder produced from dry fruits left 
to dry on the plant. Whereas in succulent fruits (85—80% moisture content) 
immediately after red-ripening, initial colour intensity was only 160 A.S.T.A. 
units (Fig. 1(a)), in half dry and dry (73—70% and 40—25% moisture content) 
fruits, the corresponding value was over 265 and 270 units respectively. This is 
similar to results obtained with cayenne pepper (Lease & Lease, 1956): initial 
colour intensity of fruits allowed to dry on the plant was higher than in fruits 
harvested while still succulent.

In powders produced from dry fruits, colour stability was very low when the 
moisture content of the powders was 0.01 and 0.32 aw - During storage there 
was a rapid decline in the colour intensity of these powders. However, in-
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Figure 1. Colour stability of paprika powder influenced by moisture and stage of 
ripeness, (a) Succulent fruits; (b) half-dry fruits; (c) dry fruits •  0.01 aw, 1% 
moisture; o 0.32 aw> 4% moisture; A 0.52 aw, 7.5% moisture; A 0.64 aw> 14% 
moisture; □  0.75 a w , 28% moisture.

creasing the moisture level stabilized the colour intensity, especially at aw = 
0.64 (Fig. 2). After about eighty days’ storage colour intensity was higher in 
these fruits than the initial colour in fruits harvested while still succulent. This 
relative stabilization of carotenoids at high moisture levels in the powders is 
now under investigation in our department. The findings obtained in the pre
sent work on sweet paprika are in agreement with those obtained by Chen & 
Gutmanis (1968), who investigated the effect of moisture contents on the 
colour stability in chili pepper powder. It is possible that the differences in the 
stability of the carotenoids in powders prepared from fruit at various stages of 
maturity can be attributed to differences in the composition and contents of 
the lipids. It was found that the lipid level rises with increasing maturity (Kan
ner, 1974). The lipids in pepper fruit are rich in linoleic acid, which undergoes
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Water activity

Figure 2. Influence of the water activity on the colour retention after storage 
for forty-five days at 37°C. •  Succulent;A half dry; □  dry.

rapid autoxidation (Philip, Nawar & Francis, 1971). ‘Coupled’ oxidization of 
carotenoids with unsaturated fatty acids has been found by several workers 
(Budowski & Bondi, 1960; Blain, Patterson & Pearce 1968; Ben Aziz et al.,
1971). We found that the colour loss in pepper, due to deterioration of caro
tenoids, is accomplished by a coupling process with unsaturated fatty acids 
(Kanner, 1974). The effect of moisture contents on colour stability in paprika 
powder can be compared with the effect of this factor on the stability of lino- 
leic acid in solid models (Labuza, Tannenbaum & Karel. 1970; Heidelbaugh & 
Karel, 1970).

It should be noted that while rate of colour deterioration decrease with high 
moisture contents, the rate of browning and caking increase under these condi
tions. In powders intended for pigment extraction this is not detrimental since 
the browning and subsequent caking have no adverse effect on the final pro
duct.

In conclusion, it can be inferred that by storing the powder at the appropri
ate moisture level it is possible to prevent the deterioration of carotenoids and 
the loss of colour during storage. This is of special importance when the 
powder is produced from fruits picked in a single harvest after a certain period 
of drying on the plant.
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F r e e z e  d r y in g  e n c a p s u la t io n  o f  w a t e r  s o lu b le  c i t r u s  a r o m a

I. J. KOPELMAN, S. MEYDAV and P. WILMERSDQRF

Summary
A freeze drying method is proposed for production of citrus aroma powders to 
be used as natural flavour ingredient in soft drink dry mixes. Approximately 
75% of the initial aroma volatiles was retained in the optimal maltodextrin 
sucrose carrier, as against 50% by the best other method reported (Sugisawa, 
Kitson & Moyls, 1970).

The aroma powders restored the original flavour in reconstituted orange 
juice. The low moisture content essential for prevention of losses during storage 
is obtainable without difficulty.

Introduction
Because of the growing demand for convenience foods, there has been consider
able interest in dehydrated citrus based instant soft drinks, with the natural 
aroma components included in the powder.

Close similarity to the natural flavour can be achieved, when both the oil 
soluble flavour ingredient (cold-pressed essential oil) and the water soluble 
aroma essence are incorporated in the product (Mannheim et al, 1967). The 
degree of concentration of aroma essences in the various industrial recovery 
systems does not normally exceed a factor of 200; consequently, not less than 
5% of the preparation (mostly water) should be added to the dry powder for 
full cutback of the aroma components. Addition of so much water to a dry 
citrus base, consisting mainly of sugars and citric acid, is obviously impractical; 
hence the need to incorporate the aroma in pre-prepared dry form.

While encapsulation or ‘locking-in’ of citrus essential oils on a dry carrier is 
well known (Schultz, Dimick & Markower, 1956; Schultz & Talburt, 1961), 
only scant information is available regarding similar processes for water soluble 
essences (Sugisawa, Kitson & Moyls, 1970). The present study was undertaken

Authors’ address: Department of Food Engineering and Biotechnology, Technion—Israel 
Institute of Technology, Haifa, Israel.
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w ith  a v ie w  t o  a fr e e z e  d r y in g  m e th o d  fo r  e n c a p s u la t io n  o f  w a te r  s o lu b le  c itr u s  
a ro m a  in  c a r b o h y d r a te  carriers. E x te n s iv e  w o r k  b y  T h ijsse n  a n d  c o w o r k e r s  
(T h ijs se n  & R u lk e n s , 1 9 6 9 ;  M e n tin g , H o o g s ta d  & T h ijsse n , 1 9 7 0 ;  R u lk e n s  & 
T h ijsse n , 1 9 7 2 ) ,  a n d  b y  F lin k  & K are l ( 1 9 7 0 a ,  b )  in d ic a te d  th a t  r e te n t io n  o f  
v o la t i le  c o m p o u n d s  d u r in g  fr e e z e  d r y in g  is  h ig h ly  d e p e n d e n t  o n  c o m p o s i t io n :  
in  v a r io u s  m o d e l  s y s t e m s  r e te n t io n  in c r e a s e d  w ith  d e c r e a s in g  m o le c u la r  w e ig h t  
o f  th e  c a r b o h y d r a te s  a n d  in c r e a s in g  t o t a l  s o lu b le  s o l id s  (u p  t o  a b o u t  2 0 % ). O n  
th e  o th e r  h a n d , s u b s ta n t ia l  lo s s e s  are k n o w n  t o  b e  in c u r r e d  th r o u g h  c o l la p s e  o r  
m e lt in g  fr e q u e n t ly  e n c o u n te r e d  in  fr e e z e  d r y in g  o f  su g a r  s o lu t io n s  (R e y  & B as- 
t ie n , 1 9 6 2 ;  M a c K e n z ie , 1 9 6 5 ) ,  th u s  r e d u c t io n  o f  th e  m o le c u la r  w e ig h t  m a y  a c t  
b o t h  w a y s .

T h e  s p e c if ic  a im s  o f  th e  s tu d y  w e r e , a c c o r d in g ly :  (a )  e v a lu a t io n  o f  th e  e f f e c t  
o f  v a r io u s  c o m b in a t io n s  o f  c a r b o h y d r a te s  ( m o n o -  a n d  d isa c c h a r id e s  a n d  
m a lt o d e x tr in s )  o n  r e te n t io n  o f  o ra n g e  a ro m a  v o la t i le s  u n d e r  c o n s ta n t  d r y in g  
c o n d it io n s  a n d  (b )  d e te r m in a t io n  o f  c e r ta in  p r o p e r t ie s  o f  th e  a ro m a  p o w d e r s .

Materials and methods
Materials

Aroma. C o m m e r c ia l 1 5 0 - fo ld  w a te r -s o lu b le  o ra n g e  a ro m a  e s s e n c e ,  fr e sh ly  
o b ta in e d  fr o m  a G u lf  e v a p o r a to r .

Corn syrup solids. F if t e e n ,  th ir t y - tw o  a n d  fo r t y - t w o  D .E ., b y  A m e r ic a n  
M a iz e -P r o d u c ts  C o .,  H a m m o n d , I n d ia n a , U .S .A .

Orange concentrate. S ix t y  d e g r e e s  B x  fr o z e n  c o n c e n tr a t e ,  o b ta in e d  fro m  
lo c a l  in d u s tr y .

Essential oil. C o ld -p r e sse d  V a le n c ia  p e e l o il .
Chemical. G lu c o s e , s u c r o s e , la c to s e  -  a ll a n a ly t ic a l  gra d e .

Experimental procedure
S o lu t io n s  fo r  fr e e z e  d r y in g  w e r e  p r ep a red  b y  d is s o lv in g  v a r io u s  b le n d s  o f  

c o m  s y r u p  s o lid s  a n d  su gars ( m o n o -  a n d  d is a c c h a r id e s )  in  th e  a r o m a  s o lu t io n  a t  
th e  le v e l o f  25%  w /w .  T h e  s o lu t io n s  w e r e  fr o z e n  o v e r n ig h t  a t - 2 0 ° C  in  a d e e p  
fr e e z in g  c a b in e t ,  an d  s u b c o o le d  th e r e a fte r  w ith  l iq u id  n itr o g e n , g r a n u la te d  an d  
s c r e e n e d  ( 2  - 5  m m ) a n d  e v e n ly  sp rea d  u p o n  th e  fr e e z e  d r ier  tra y s . F r e e z e  d r y 
in g  w a s  ca rr ied  o u t  in  2 .5  m 2 G r e n c o  R I-2 5  p i lo t  p la n t u n it . T h e  p r o d u c t  w a s  
ch a r g e d  a t 6  k g /m 2 a n d  d r ied  fo r  2 0  hr a t 0 . 2 —0 .0 1  T o rr  w ith  th e  h e a t in g  p la te  
m a in ta in e d  a t 4 0 ° C . T h e  h e a t  w a s  su p p lie d  b y  r a d ia t io n  fro m  b o th  s id e s  o f  th e  
p r o d u c t  tr a y . C o n d e n s e r  te m p e r a tu r e  w a s  k e p t  a t - 4 5  t o  - 5 0 ° C .

C.O.D. determination. A c c o r d in g  to  D o u g h e r ty  ( 1 9 6 8 )  w ith  a s lig h t  m o d i f i 
c a t io n ,  c o lo r im e tr ic  rea d in g s  ta k e n  (B e c k m a n  D .U . S p e c t r o p h o t o m e t e r )  at 
6 0 5  n m  -  th e  w a v e le n g th  o f  a m a jo r  a b so r b a n c e  p ea k  o b se r v e d  in  a d v a n c e  fo r



C .O .D . r e a c t io n  p r o d u c ts  o f  s ta n d a r d  su c r o s e  s o lu t io n s  a n d  o f  th e  a ro m a  
d is t i l la te .

D-limonene. B y  b r o m id e -b r o m a te  t i t r a t io n  ( S c o t t  &  V e lh u is ,  1 9 6 6 ) .
Moisture content. B y  d r y in g  in  a v a c u u m  o v e n  fo r  2 4  h r  a t 5 5 ° C , a  p r o c e d u r e  

fo u n d  t o  y ie ld  r e su lts  s im ila r  (w it h in  t h e  e x p e r im e n ta l  error ) t o  a  se r ie s  o f  
d e te r m in a t io n s  b y  th e  K arl F is c h e r  m e t h o d  (M c C o m b  &  W rig h t, 1 9 5 4 ) .

Gas chromatography. A r o m a  p o w d e r  w a s  d is s o lv e d  in  d is t i l le d  w a te r  a t 1 : 3 . 
T e n  p e r  c e n t  ( w / w )  o f  N a C l w a s  a d d e d , th e  s o lu t io n  e x tr a c te d  w ith  1 0 0  m l  
m e t h y le n e  c h lo r id e  in  a la b o r a to r y  h o m o g e n iz e r  ( P o ly tr o n , b y  K in e m a tic a l  
G m b H ), a n d  th e  o r g a n ic  p h a se  d raw n  o f f  in  a 2 5 0  m l se p a r a tio n  fu n n e l. E x tr a c 
t io n  w a s  r e p e a te d  th r e e  t im e s , a n d  th e  c o m b in e d  e x tr a c ts  w e r e  d r ied  o v e r  a n h y 
d r o u s  N a 2 S 0 4 . T h e  e x tr a c t  w a s  c o n c e n tr a t e d  t o  a fin a l v o lu m e  o f  1 m l in  a  
tw o -s te p  p r o c e d u r e  o n  a r o ta r y  f i lm  e v a p o r a to r  ( R o to v a p o r  E L , B iic h i-S w itz e r -  
la n d )  w ith  th e  w a te r  b a th  k e p t  a t 3 0 ° C . F iv e  m ic r o litr e  sa m p le s  o f  th e  c o n c e n 
tr a te d  e x tr a c t  w e r e  in je c te d  in t o  th e  ga s c h r o m a to g r a p h  (P a ck a rd  m o d e l  7 6 0 0 )  
e q u ip p e d  w ith  a d u a l f la m e  io n iz a t io n  d e t e c t o r  fo r  p r o g r a m m e d  G L C  a n a ly s is ,  
u s in g  t w o  id e n t ic a l  g la ss  c o lu m n s  (8  f t  x 1 /8  in . ) ,  ch a r g e d  w ith  20%  c a r b o w a x  
2 0  m o n  6 0 / 8 0  m e s h  C h r o m o so r b  P  D M C S . C arrier gas w a s  N 2 a t  3 0 m l / m i n .  
O v en  te m p e r a tu r e  w a s  p r o g r a m m e d  as f o l lo w s :  ( 1 )  8 5  —1 8 0 ° C  a t 4 ° C /m in ;  ( 2 )  
i s o th e r m a lly  at 1 8 0 ° C  fo r  15 m in ;  ( 3 )  in c r e a se  t o  2 2 0 ° C  a t 4 ° C /m in  a n d  k e p t  
th e r e  u n t i l  e n d  o f  ru n . T h e  in je c t io n -p o r t  a n d  d e t e c t o r  te m p e r a tu r e s  w e r e  1 5 0  
a n d  2 3 5 ° C , r e s p e c t iv e ly .

M a jo r  p e a k s  w e r e  id e n t i f ie d  b y  c o m p a r in g  r e te n t io n  t im e s  o f  p u re  s u b s ta n c e s  
ty p ic a l  o f  o ra n g e  e s s e n c e  (W o lfo r d , A lb e r d in g  & A t t a w a y ,  1 9 6 2 ) ,  in je c te d  a fte r  
a d d it io n  t o  th e  a ro m a  e x tr a c t  a t k n o w n  c o n c e n tr a t io n .

Sorption isotherms. P lo t t e d  a t 2 5 ° C  b y  e x p o s u r e  t o  w a te r  v a p o u r  u n d e r  
v a c u u m  o v e r  c o n s ta n t -h u m id ity  sa lt  ( R o c k la n d ,  1 9 6 0 )  a n d  s u lp h u r ic  a c id  
( A n o n ,  1 9 5 1 )  s o lu t io n s .

Organoleptic evaluation. R a n k in g  t e s t s  b y  a p a n e l o f  th r e e  h ig h ly  tr a in e d  e x 
p e r ts  w ith  a t le a s t  t w o  y e a r s ’ e x p e r ie n c e  in  c itr u s  ju ic e .
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Results and discussion
T h r o u g h o u t  th e  t e s t s ,  th e  o ra n g e  a ro m a  w a s  s u c c e s s fu l ly  in c o r p o r a te d  in t o  
c o m b in a t io n s  o f  c a r b o h y d r a te  ca rriers t o  y ie ld  free  f lo w in g  c o n c e n tr a t e d  a ro m a  
p o w d e r s , w h ic h  r e s to r e d  th e  o r ig in a l f la v o u r  in  a d d it io n  t o  r e c o n s t i t u te d  j u ic e  
p r ep a red  fr o m  fr o z e n  a ro m a  s tr ip p e d  c o n c e n tr a t e .  T h e  d e g r ee  o f  im p r o v e m e n t  
w a s c o r r e s p o n d e n t  w ith  th a t  o f  a ro m a  r e te n t io n .

Aroma retention
T a b le  1 s h o w s  th a t  a ro m a  r e te n t io n  im p r o v e d  w ith  in c r e a se  o f  th e  d e x tr o s e  

e q u iv a le n t  o f  th e  co r n  sy ru p  so lid s . T h e s e  f in d in g s  are in  a g r e e m e n t w ith  th o s e



68 /. J. K o p e lm a n  et al.
Table 1. Aroma retention in freeze dried maltodextrin carriers

Dextrose equivalent 
(D.E.)

C.O.D. retention D-limonene retention Moisture
content
(%)ppm % ppm %

15 38 200 42 640 97.8 0.2
32 55 500 62 610 93.3 0.5
42 59 500 67 630 96.3 0.7

Initial strength 90 000 ppm (dry powder basis).

r e p o r te d  fo r  fr e e z e  d r y in g  o f  m o d e l  s y s t e m s  (F l in k  & K a re l, 1 9 7 0 a , b )  an d  w ith  
th e  th e o r y  th a t  r e te n t io n  o f  v o la t i le s  in  d r y in g  p r o c e s se s  is d ir e c t ly  r e la te d  to  
th e  c o n t e n t  o f  lo w  M W  c a r b o h y d r a te s .

N o n e  o f  th e  f r e e z e  d r y in g  d i f f ic u lt ie s  o r  fa ilu r e s , f r e q u e n t ly  o c c u r r in g  in  lo w  
M W  c a r b o h y d r a te s  s o lu t io n s  ( R e y  & B a s t ie n , 1 9 6 2 ;  M a c K e n z ie , 1 9 6 5 ) ,  w e r e  e n 
c o u n te r e d  w ith  th e  c o r n  s y r u p  s o lid s  s y s te m s . F u r th e r  e v id e n c e  o f  th e ir  ea se  o f  
d r y in g  is  th e  lo w  m o is tu r e  c o n t e n t  (< 1 %  o f  a ll s a m p le s ) .

T h e  re su lts  o f  th e  s u b s e q u e n t  a t t e m p t  a t fu r th e r  im p r o v e m e n t  b y  a d m ix tu r e  
o f  m o n o -  a n d  d isa c c h a r id e s  are s h o w n  in  T a b le  2 . S u c h  im p r o v e m e n t  w a s  
a c h ie v e d  w ith  20%  g lu c o s e  a d d e d  t o  15 D .E . m a lt o d e x tr in  (c a lc u la te d  D .E . 3 2 ) ;  
in  fa c t ,  th e  d e g r e e  o f  r e te n t io n  th u s  o b ta in e d  w a s  th e  sa m e  as fo r  3 2  D .E . c o r n  
s y r u p  s o lid s  (T a b le  1 ) , e v e n  th o u g h  th e  tw o  s y s t e m s  are t o t a l ly  d is s im ila r  in  c a r b o 
h y d r a te  c o m p o s i t io n .  F u r th e r  in c r e a s e  o f  th e  g lu c o s e  c o n t e n t  r e s u lte d  in  a 
p o o r e r  p r o d u c t ,  a p p a r e n t ly , d u e , in ter  alia, t o  im p a ir e d  r e le a se  o f  m o is tu r e  as  
e v id e n c e d  v is u a lly  b y  s p o t -m e lt in g  a n d  p u ff in g .

A d m ix tu r e  o f  d isa c c h a r id e s  im p r o v e d  th e  s tr e n g th  o f  th e  a ro m a  p o w d e r , th is  
t im e  w it h o u t  a n y  o b se r v e d  d i f f ic u lt ie s  in  d e h y d r a t io n  (T a b le  3 ) .  I t is  s e e n  th a t  
a 2  : 3  s u c r o s e - m a l t o d e x t r in  15 D .E . m ix t u r e  y ie ld e d  a p o w d e r  r e ta in in g  c lo s e  
t o  75%  o f  th e  in it ia l  v o la t i le s ,  i .e .  w e ll  a b o v e  th e  50%  le v e l r e p o r te d  fo r  o th e r  
w a te r  s o lu b le  a ro m a  e n c a p s u la t io n  m e th o d  (S u g isa w a  e t al., 1 9 7 0 ) .

Table 2. Aroma retention in freeze dried 15 D.E. dextrin—glucose system

Glucose
(%)

Composition
D.E. of system

C.O.D. retention
Moisture
content
(%)

Dextrin 15 D.E. 
(%)

ppm %

0 100 15 38 500 43 0.3
20 80 32 56 000 62 0.9
40 60 49 46 000 51 1.8
60 40 66 45 000 50 2.4



T a b le  3. Effect of added sugars on aroma retention during freeze drying
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Composition C.O.D. retention
Moisturecontent
(%)

Sugars Dextrin 15 D.E. 
(%)

ppm %

Glucose 40% 60 46 000 51 1.8
Sucrose 40% 60 65 800 73 1.2
Glucose 20% + lactose 20% 60 64 000 71 1.4
Sucrose 20% + lactose 20% 60 65 600 ~!3 0.9

A rom a  com po sition

T h e  C .O .D . m e t h o d ,  w h ic h  y ie ld s  th e  o v era ll o r g a n ic  v o la t i le s  c o n t e n t ,  is  
c le a r ly  o f  l im ite d  v a lu e  h e r e , as c itr u s  a ro m a  e s s e n c e  c o n t a in s  n o n  a r o m a tic s  
(m e t h a n o l ,  e t h a n o l ,  a c e t o n e )  (W a lfo r d  e t al., 1 9 6 2 ) ,  w h ic h  h a v e  l i t t le  e f f e c t  
u p o n  f la v o u r  a n d  ta s te . B y  c o n tr a s t ,  m o r e  s p e c if ic  e v a lu a t io n  is p o s s ib le  b y  
m e a n s  o f  gas c h r o m a to g r a p h y .

R e s u lts  fo r  th e  a ro m a  s o lu t io n ,  a n d  fo r  th e  c o r r e sp o n d in g  a ro m a  p o w d e r ,  
are g iv en  in  F ig s  1 a n d  2 ,  a n d  s o m e  o f  th e  id e n t i f ie d  c o m p o u n d s  k n o w n  to  
c o n t r ib u te  t o  c itr u s  f la v o u r  (W o lfo r d  e t al., 1 9 6 2 ) ,  are l is t e d  in  T a b le  4 .  I t  is  
se e n  th a t  m o s t  o f  th e  c o m p o u n d s  are r e ta in e d  a t a fa ir ly  h ig h  le v e l;  th e  m u c h  
lo w e r  lo s s  fo u n d  b y  th is  m e t h o d  (c o m p a r e d  w ith  th e  30%  fig u re  b y  th e  C .O .D .

F ig u re  1. Gas-Chromatogram of volatiles extract from aroma essences.
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F ig u re  2 . Gas-chromatogram of volatiles extract from freeze dried aroma powder, 
based on 2 : 3 sucrose dextrin 15 D.E. carrier.

m e t h o d )  is  a t tr ib u ta b le  t o  s e le c t iv e  r e te n t io n  o f  c o m p o u n d s  w ith  h ig h e r  m o le 
cu la r  w e ig h t ,  as r e p o r te d  b y  T h ijsse n  & R u lk e n s  ( 1 9 6 9 ) ,  th u s , it  c a n  b e  a ssu m e d  
th a t  th e  a c tu a l a ro m a  s tr e n g th  o f  th e  fr e e z e -d r ie d  p o w d e r  is h ig h e r  th a n  w o u ld  
se e m  fr o m  th e  C .O .D . te s t .

Storage stability

T h e  p e r c e n ta g e  r e te n t io n  o f  v o la t i le s  in  a ro m a  p o w d e r s  s to r e d  fo r  n in e ty  
d a y s  a t d if fe r e n t  r e la tiv e  h u m id it ie s  a n d  3 5 ° C  is  g iv en  in  T a b le  5 . U p  t o  R .H .  
1 1% th e  r e la tiv e  lo s s e s  are sm a ll fo r  a ll t y p e s  o f  carriers; fo r  R .H . 22%  a n d  
a b o v e , th e r e  is  c o n s id e r a b ly  h e a v ie r  d e p le t io n  w h ic h  m a k e s  s to r a g e  u n d e r  s u c h  
c o n d it io n s  c o m m e r c ia l ly  im p r a c tic a l. T h e s e  in c r e a se d  lo s s e s  m a y  b e  c o r r e la te d

Table 4. Aroma compounds identified in volatiles extracts from aroma essence
Peak no. Compound Peak no. Compound

1 Methylene chloride (solvent) 17 Furfural
Methanol, Ethanol 19 m-Decanal, Citronellal

8 (3-Myrcene 20 Linalool
9 d-Limonene, 2-Hexanal 21 Terpinene-4-ol

12 n-Octanal 22,23 a-Terpineol, Nera!
14 n-Hexanal 24,25 Citronellol, Geranial
16 n-Nonanal



Table 5. Effect of R.H. on aroma losses during three months’ storage at 35°C
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Carrier
(D.E.)

Percentage of initial aroma volatiles (C.O.D.) retained
R.H. 6% R.H. 11% R.H. 22% R.H. 33%

15 95 86 55 30
32 97 94 68 42
42 96 92 50 28

Water activity
Figure 3. Water sorption isotherms of aroma powders at 35°C.

w ith  th e  w a te r  s o r p t io n  p r o p e r t ie s  o f  th e  p o w d e r s , a s  s h o w n  in  th e  s o r p t io n  
i s o th e r m s  in  F ig . 3 . T h e  p o w d e r  b a se d  o n  m a lt o d e x tr in  D .E . 15 s h o w s  a m o n o 
t o n ic  in c r e a se  in  m o is tu r e  c o n t e n t  w ith  in c r e a s in g  w a te r  a c t iv ity . T h is  cu rv e  is 
ty p ic a l  o f  h ig h  M W  p r o d u c ts , su c h  as s ta r c h , p e c t in  a n d  p r o te in s  (G a n e , 1 9 5 0 ;  
S a lw in  1 9 6 3 ) .  B y  c o n t r a s t ,  th e  p o w d e r s  b a sed  o n  th e  3 2  a n d  4 2  D .E . carriers  
a b so rb  w a te r  t o  a m u c h  le sse r  e x t e n t ,  w ith  a  p e a k  o f  1 .5  g H 2O / 1 0 0 g  s o lid s  a t 
aw =  0 . 1 5 —0 .2 0 ,  b e y o n d  w h ic h  th e  e q u ilib r iu m  m o is tu r e  c o n t e n t  d r o p s  t o  a 
n e g lig ib le  le v e l a t a w -  0 .3 3 ;  s u c h  a p a t te r n  is  ty p ic a l  o f  a m o r p h o u s  m a te r ia ls  
s u b je c t  t o  r e c r y s ta l l iz a t io n  d u e  t o  in c r e a se  in  w a te r  a c t iv ity ,  as r e p o r te d  fo r  
g lu c o s e  a n d  s u c r o s e  (M a k o w e r  & D y e ,  1 9 5 6 ) .  In  th e  c a se  o f  th e  15 D .E . carr ier , 
th e  v o la t i le s  lo s s e s  are p r o b a b ly  d u e  d ir e c t ly  t o  th e  w a te r  s o r p t io n  p r o c e s s ,  
w h ic h  in d u c e s  s tr u c tu r a l c h a n g e s  in  th e  m ic r o  r e g io n s  w h e r e  th e  a r o m a  
c o m p o n e n t s  are e n c a p s u la te d . In  th e  ca se  o f  th e  3 2  a n d  4 2  D .E . carr iers, th e  
lo s s e s  are p r o b a b ly  c a u se d  b y  m a tr ix  r e a r r a n g e m e n t d u r in g  th e  r e c r y s ta l l iz a t io n  
p r o c e ss . S im ila r  d is r u p t io n  o f  th e  m a tr ix , a c c o m p a n ie d  b y  lo s s  o f  v o la t i le  o r g a n ic
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a lc o h o ls ,  as a r e su lt  o f  w a te r  s o r p t io n  a b o v e  th e  m o n o la y e r  a n d  o f  r e c r y s ta l l i 
z a t io n  o f  a m o r p h o u s  la c to s e ,  w a s  o b se r v e d  b y  F lin k  & K arel ( 1 9 7 2 )  in  fr e e z e  
d r ie d  m o d e l  s y s te m s .
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T he expansion  o f w afer and  its re la tion  to  the  cracking 
o f  choco la te  and  ‘bakers’ ch o co la te ’ coatings*

L. F . B A R R O N

Summary
T h e  lin e a r  e x p a n s io n  o f  a w a fe r  w a s  fo u n d  t o  b e  d ir e c t ly  p r o p o r t io n a l  t o  a n y  
in c r e a se  in  m o is tu r e  c o n t e n t  o v e r  m o s t  o f  th e  ra n g e  fro m  0 .5%  to  th e  m o is tu r e  
c o n t e n t  in  e q u ilib r iu m  w ith  th e  a tm o s p h e r e  t o  w h ic h  th e  w a fe r  w a s  e x p o s e d .  
T h e  a v era g e  g a in  in  l in e a r  d im e n s io n  o f  th e  w a fe r  p e r  1% in c r e a se  in  m o is tu r e  
c o n t e n t  w a s  0 .4 % , w h ic h  w a s  s u f f ic ie n t  to  c a u se  c r a c k in g  o f  th e  c h o c o la t e  c o a t 
in g . T h e  t im e  ta k e n  fo r  th e  c o a t in g  t o  c r a c k , as a r e su lt  o f  a d s o r p t io n  o f  w a te r  
v a p o u r  fr o m  th e  a tm o s p h e r e  th r o u g h  h o le s  in  th e  c o a t in g , w a s  m e a su r e d  as a 
f u n c t io n  o f  t y p e  a n d  th ic k n e s s  o f  c o a t in g , in it ia l  m o is tu r e  c o n t e n t  o f  th e  w a fe r  
a n d  th e  r e la tiv e  h u m id ity  o f  th e  a tm o s p h e r e . T h e  r e su lts  w e r e  e x a m in e d  in  re la 
t io n  t o  c o m m e r c ia l  a t te m p ts  to  m in im iz e  c r a c k in g  o f  th e  c o a t in g  b y  p r io r  c o n 
d it io n in g  o f  th e  w a fe r  s h e e t .  I t w a s  c o n c lu d e d  th a t  c ra ck in g  w ill  o n ly  b e  in h i
b ite d  i f  ( i )  th e r e  is  u n ifo r m  d is tr ib u t io n  o f  m o is tu r e  w ith in  th e  w a fe r  a n d  ( i i )  
th e r e  are n o  h o le s  o r  f la w s  in  th e  c o a t in g .

Introduction
C h o c o la te -c o a te d  w a fe r s  u su a lly  c o n s is t  o f  t w o  t o  fo u r  la y e r s  o f  w a fe r  s h e e t  
s a n d w ic h e d  w ith  o n e  to  th r e e  la y e r s  o f  c re a m  f i ll in g , th e  c o m p o s i t e  s a n d w ic h  
b e in g  s u b s e q u e n t ly  c o a te d  w it h  c h o c o la t e  b y  e i th e r  an  e n r o b in g  o r  a  m o u ld in g

*In this paper ‘chocolate’refers to those coatings containing cocoa butter and, where appro
priate, milk fat as the only fats, while ‘bakers’ chocolate’ refers to those coatings in which 
the cocoa butter has been largely replaced by fractionated vegetable fats. The generic term 
‘coatings’ has been used to describe both groups. It should be noted that the nomenclature 
of chocolate products is controlled by the Cocoa and Chocolate Regulations 1976, which 
fully come into operation in May 1977. These regulations prescribe compositional standards 
for ‘chocolate’ and forbid the use of this name to describe products which do not conform 
to these standards. Coatings such as ‘bakers’ chocolate’ must be described in such a way that 
they cannot be confused with ‘chocolate’. A designation such as ‘chocolate-flavoured coat
ing’ appears to be acceptable for ‘bakers’ chocolate’ and similar products.

Author’s address: Flour Milling and Baking Research Association, Chorleywood, Rick- 
mansworth, Herts. WD3 5SH.
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p r o c e s s . It is w id e ly  b e lie v e d  th a t  cra c k in g  o f  th e  c h o c o la t e  c o a t in g  o n  su c h  
p r o d u c ts  is  p r o d u c e d  b y  c h a n g e s  in  d im e n s io n s  o f  th e  w a fe r  d u r in g  s to r a g e  
c a u se d  b y  ( i )  r e d is tr ib u t io n  o f  m o is tu r e  w ith in  th e  w a fe r , r e s u lt in g  in  s im u l
ta n e o u s  e x p a n s io n  a n d  c o n t r a c t io n  o f  d if f e r e n t  p a rts  a n d  ( i i)  e x p a n s io n  o f  th e  
w a fe r  d u e  t o  a d s o r p t io n  o f  w a te r  v a p o u r  th r o u g h  h o le s  in  th e  c h o c o la t e  c o a t in g .

It is c o m m o n  p r a c t ic e  in  m o s t  fa c to r ie s  m a n u fa c tu r in g  c h o c o la t e - c o a t e d  
w a fe r s  fo r  th e  w a fe r s  t o  b e  c o n d i t io n e d ,  e i th e r  b e fo r e  o r  a fte r  c r e a m in g , in  an  
a tm o s p h e r e  o f  c o n t r o lle d  te m p e r a tu r e  a n d  h u m id ity  fo r  p e r io d s  v a r y in g  fr o m  a 
f e w  h o u r s  t o  sev era l d a y s . T h e  o b je c ts  o f  th is  c o n d it io n in g  p r o c e s s  are ( i )  to  
p e r m it  an  e v e n  d is tr ib u t io n  o f  m o is tu r e  w ith in  th e  w a fe r  s h e e t  a n d  ( i i)  to  a llo w  
th e  w a fe r  to  a d so rb  a l im ite d  a m o u n t  o f  m o is tu r e  fro m  th e  a tm o s p h e r e  w h ic h  
w o u ld  r e d u c e  th e  s u b s e q u e n t  r a te  o f  a d s o r p t io n  o f  w a te r  v a p o u r  th r o u g h  a n y  
h o le s  p r e s e n t  in  th e  c h o c o la t e  c o a t in g . In  s o m e  in s ta n c e s  w a fe r s  are c o n d i t io n 
e d  t o  a f in a l m o is tu r e  c o n t e n t  o f  a b o u t  5% , b u t  t h e y  b e c o m e  to u g h  a n d  th e ir  
e a t in g  q u a li ty  d e te r io r a te s  i f  th e  m o is tu r e  c o n t e n t  r ises  t o  m o r e  th a n  a b o u t  6% .

A  su r v e y  in  in d u s tr ia l p la n ts  o f  th e  d is tr ib u t io n  o f  m o is tu r e  in  w a fe r  s h e e ts  
t h r o u g h o u t  th e  p r o c e s s  o f  b a k in g , c r e a m in g , c o n d it io n in g  a n d  c h o c o la t e  e n r o b 
in g  g a v e  e v id e n c e  s u p p o r t in g  th e  m e c h a n ism s  o f  c ra c k in g  o f  th e  c o a t in g  d e s 
c r ib e d  a b o v e  a n d  c o n f ir m e d  th e  u s e f u ln e s s  o f  th e  o b je c t s  o f  c o n d it io n in g .

T h e  p r e s e n t  p a p e r  d e sc r ib e s  an  in v e s t ig a t io n  in  th e  la b o r a to r y  o f  ( i )  th e  re la 
t io n  b e tw e e n  th e  a d s o r p t io n  o f  w a te r  v a p o u r  b y  a w a fe r  s h e e t  a n d  its  lin e a r  e x 
p a n s io n  a n d  ( i i)  th e  r e la t io n  b e tw e e n  th e  t im e  ta k e n  fo r  v a r io u s  ty p e s  o f  c h o c o 
la te  c o a t in g  t o  cra ck  a n d  th e  c o n d it io n s  d e te r m in in g  th e  e x p a n s io n  o f  th e  w a fe r , 
th e  o b je c t  b e in g  t o  p r o v id e  q u a n t ita t iv e  e v id e n c e  w h ic h  m ig h t  b e  o f  v a lu e  in  
th e  d e s ig n  o f  c o n d it io n in g  p r o c e d u r e s .

Linear expansion of a wafer sheet
Avparatus

T h e  a p p a ra tu s  u se d  fo r  th e  m e a s u r e m e n t  o f  w a te r  v a p o u r  a d s o r p t io n  a n d  
l in e a r  e x p a n s io n  o f  a w a fe r  s h e e t  is s h o w n  in  F ig s  1 a n d  2 . A ir  w a s c ir c u la te d  
b y  a d ia p h ra g m  p u m p  A  in  a c lo s e d  s y s te m  c o n s is t in g  o f  tw o  D r e c h se l b o t t le s  
B , c o n ta in in g  a sa tu r a te d  s o lu t io n  o f  a s u ita b le  sa lt t o  c o n tr o l  th e  re la tiv e  h u m 
id i t y  a t th e  d e s ir e d  le v e l ,  a c o t t o n  w o o l  trap  C a n d  th e  P e r sp e x  c o n ta in e r  D  
h o ld in g  th e  w a fe r  s a m p le . S u s p e n d e d  fr o m  th e  to p  o f  th e  c o n ta in e r  w a s a c a li
b r a te d  sp r in g  b a la n c e  E  t o  w h ic h  th e  w a fe r  s h e e t  w a s  a t ta c h e d  b y  m e a n s  o f  t w o  
h o o k s .  T h e  sp r in g  c o n s is t e d  o f  t w e n t y - t w o  tu r n s , 2 .4 5  cm  in  d ia m e te r , o f  3 0  
SW G  c o p p e r /b e r y ll iu m  w ire  w h ic h  h ad  b e e n  te m p e r e d  fo r  1 hr a t 3 1 5 ° C . A  f in e  
p o in t e r  w a s  a t ta c h e d  h o r iz o n ta lly  to  th e  lo w e r  en d  o f  th e  sp r in g , an d  a sca le  
g r a d u a te d  in  m ill im e tr e s  w a s  lo c a t e d  a d ja c e n t ly . T h e  w h o le  a p p a ra tu s  w a s  e n 
c lo s e d  in  a th e r m o s t a t ic a l ly  c o n t r o lle d  in c u b a to r  at 2 4 ° C , h a v in g  an in n e r  g la ss  
d o o r  th r o u g h  w h ic h  th e  p o in t e r  a n d  s c a le  w e r e  o b se r v e d  b y  m e a n s  o f  a tr a v e l
l in g  m ic r o s c o p e .
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A

Figure 1. Diagram of apparatus. A, Diaphragm circulating pump; B, Drechsel 
bottles; C, Cotton wool trap; D, Perspex container; E, spring balance.

Experimental

T h e  sp r in g  b a la n c e  w a s c a lib r a te d  b y  h a n g in g  a ser ie s  o f  k n o w n  w e ig h ts  o n  
th e  sp r in g . T h e  sca le  rea d in g s  (sp r in g  e x t e n s io n )  w e r e  g ra p h ed  a g a in st th e  
w e ig h ts  a p p lie d  a n d  all th e  p o in t s  la y  o n  a s tr a ig h t l in e  p a ss in g  th r o u g h  th e  
o r ig in  (c a lib r a t io n  c o n s ta n t  5 .3  c m /g ) .

T h e  w a fe r s  u sed  in th is  in v e s t ig a t io n  w e r e  p r o d u c e d  o n  th e  p i lo t  p la n t  at th e  
F lo u r  M illin g  a n d  B a k in g  R e se a r c h  A s s o c ia t io n  a n d  d e ta ils  o f  th e ir  p r e p a r a tio n  
are as f o l lo w s  (P r itch a r d  & S te v e n s , 1 9 7 3 ) :

F o r m u la

E n g lish  f lo u r  
W ater
P o w d e r e d  le c ith in  
G r o u n d n u t  o il  
S a lt
S o d iu m  b ic a r b o n a te

P r o cess in g

G ap  b e tw e e n  w a fe r  p la te s  1 .7 8  m m
B a k in g  t im e  9 0  se c  at 19 5 ° C
I m m e d ia te  c lo su r e  o f  p la te s  a fte r  d e p o s it io n  o f  b a tte r .

2 5 2 0  g 
3 7 0 0  g  

2 4  g
6 0  g 

6 g 
8 g
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Figure 2. Apparatus for measuring expansion of wafer.

T h e  w a fe r  s h e e ts  w e r e  c u t  in t o  n in e  e q u a l p ie c e s  ( 1 5 7  x  9 8  m m ) fiv e  o f  
w h ic h  w e r e  p la c e d  in  a p ile  an d  p a c k e d  in  th r e e  la y e r s  o f  p o ly e t h y le n e .  T h is  
p r o c e d u r e  p r e v e n te d  a d s o r p t io n  o f  w a te r  v a p o u r  d u r in g  s to r a g e  fo r  4 8  h r , re 
q u ired  to  e n su r e  an  e v e n  d is tr ib u t io n  o f  m o is tu r e . T h e  c e n tr e  w a fe r  fr o m  th e  
p ile  w a s  th e n  r e m o v e d  a n d  a p ie c e  m e a su r in g  1 0 2  x  6 4  m m  w a s  c u t  fr o m  it .  
T h in  b la c k  in k  l in e s  w e r e  d raw n  at th e  t o p  a n d  b o t t o m  o f  th e  w a fe r  t o  p r o v id e  
r e fe r e n c e  p o in t s  fo r  le n g th  m e a s u r e m e n ts , a n d  it  w a s  th e n  ra p id ly  a t ta c h e d  t o  
th e  h o o k s  o f  th e  sp r in g  b a la n c e . W h en  th e  w a fe r  c a m e  t o  re st ( 2 0 —3 0  s e c )  th e  
sp r in g  b a la n c e  s c a le  rea d in g  w a s  n o t e d  a n d  th e  d is ta n c e  b e tw e e n  th e  t w o  in k  
m a rk s o n  th e  w a fe r  w a s  m e a s u r e d , all r ea d in g s  b e in g  ta k e n  b y  m e a n s  o f  th e  
tr a v e llin g  m ic r o s c o p e . S u b s e q u e n t  r ea d in g s  w e r e  m a d e  a t h o u r ly  in te r v a ls  fo r  
th e  f ir s t  8  h r , a n d  th e r e a f te r  a t d a ily  in te r v a ls  u n t i l  e q u ilib r iu m  w a s r e a c h e d . A s



7 7C rackin g o f  c h o c o la te -c o a te d  w afers
Table 1. Equilibrium relative humidities of saturated salt solutions at 
24°C.
Saturated salt solution Equilibrium humidity 

(%)
Lithium chloride 11.7
Magnesium chloride 32.9
Potassium carbonate 43.7
Magnesium nitrate 53.0
Sodium nitrite 64.6
Sodium chloride 75.5

s o o n  as th e  fir s t rea d in g s  h a d  b e e n  ta k e n , m o is tu r e  d e te r m in a t io n s  (o v e n  
m e th o d ,  9 0  m in  a t 1 3 0 ° C )  w ere  ca rr ied  o u t  o n  th e  t w o  p ie c e s  o f  w a fe r  w h ic h  
h a d  b e e n  in  c o n t a c t  w ith  th e  c e n tr e  t e s t  p ie c e  d u r in g  th e  4 8  h r  s to r a g e  p e r io d .  
T h e  m e a n  fig u r e  o b ta in e d  w a s  ta k e n  as th e  m o is tu r e  c o n t e n t  o f  th e  t e s t  p ie c e  
a t z e r o  t im e ,  as i t  h a d  b e e n  s h o w n  e x p e r im e n ta l ly  th a t  th e  m o is tu r e  c o n t e n t s  o f  
th e  th r e e  p ie c e s  o f  w a fe r  s to r e d  u n d e r  th e s e  c o n d it io n s  w e r e  id e n t ic a l.

T h e  g a in  in  w e ig h t  (a d s o r p t io n  o f  w a te r  v a p o u r )  a n d  in c r e a se  in  l in e a r  d im e n 
s io n  o f  th e  w a fe r  w e r e  d e te r m in e d  a t s ix  le v e ls  o f  r e la t iv e  h u m id it y  u s in g  s u it 
a b le  sa tu r a te d  s o lu t io n s  as s h o w n  in  T a b le  1 (W in k  & S e a r s , 1 9 5 0 ;  W ex ler  &  
H a se g a w a , 1 9 5 4 ;  Y o u n g ,  1 9 6 7 ) ,  th e  air te m p e r a tu r e  b e in g  m a in ta in e d  th r o u g h 
o u t  a t 2 4 ° C . T h r e e  d e te r m in a t io n s  w e r e  ca rr ied  o u t  a t e a c h  le v e l o f  r e la t iv e  
h u m id ity  a n d  th e  r e su lts  w e r e  a v era g ed .

Results
T h e  tr u e  m o is tu r e  c o n t e n t  o f  th e  w a fe r  a t th e  t im e  o f  e a c h  r e a d in g  w a s  c a l

c u la te d  fr o m  th e  m o is tu r e  c o n t e n t  a t  z e r o  t im e  a n d  th e  g a in  in  w e ig h t  as m e a 
su red  b y  th e  sp r in g  b a la n c e . T h e  ra te  a t w h ic h  w a te r  v a p o u r  w a s  a d so r b e d  b y  a 
w a fe r  s h e e t  in  a ll c a se s  fo l lo w e d  a cu rv e  o f  t h e  t y p e  s h o w n  in  F ig . 3 ,  w h ic h  
g iv e s  r e su lts  o b ta in e d  a t 5 3 .0 %  r e la tiv e  h u m id ity  fo r  th e  c h a n g e  in  m o is tu r e  
c o n t e n t  as a f u n c t io n  o f  t im e . T h e  r a te  o f  l in e a r  e x p a n s io n  o f  th e  w a fe r  s h e e t  
u n d e r  th e  sa m e  c o n d it io n s  is  s h o w n  in  F ig . 4  a n d , as w o u ld  b e  e x p e c t e d ,  th e  
sh a p e  o f  th is  cu rv e  is  s im ila r  to  th a t  in  F ig . 3 . T h e  sh a p e  o f  th e  e q u ilib r iu m  a d 
s o r p t io n  is o th e r m  w a s  s ig m o id a l  (F ig .  5 ) .

W h en  th e  g a in  in  m o is tu r e  c o n t e n t  w a s  g r a p h e d  a g a in st  th e  g a in  in  le n g th  o f  
th e  w a fe r , e x p r e s s e d  as a p e r c e n ta g e  o f  th e  le n g th  a t z e r o  t im e ,  th e  r e la t io n  w a s  
fo u n d  t o  b e  l in e a r  o v e r  m o s t  o f  th e  ra n ge  a t e a c h  le v e l  o f  r e la tiv e  h u m id it y .  T h e  
grap h  illu s tr a t in g  th is  r e la t io n  a t 5 3 .0 %  r e la t iv e  h u m id ity  is s h o w n  in  F ig . 6 .  
T h e  d e p a r tu re  fr o m  lin e a r ity  n e a r  th e  o r ig in  p r o b a b ly  in d ic a te s  th a t  in  th is  re-
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Time (hr)

F ig u re  3 . Rate of adsorption of water vapour by a wafer sheet in atmosphere 
of 53.0% relative humidity.

3 r
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F ig u re  4 . Rate of gain in length of a wafer sheet in an atmosphere of 5 3.0% 
relative humidity.

g io n  th e  ra te  o f  e x p a n s io n  o f  th e  w a fe r  is  r e la t iv e ly  lo w e r  th a n  th e  in it ia l ly  v e r y  
rap id  a d s o r p t io n  o f  m o is tu r e . T h r o u g h o u t  th e  lin e a r  r e g io n  th e  a v era g e  g a in  in  
le n g th  o f  th e  w a fe r  p e r  1% g a in  in  m o is tu r e  w a s  0 .4 2 %  o v e r  th e  n o r m a l a m b ie n t  
ra n g e  o f  r e la t iv e  h u m id it ie s  ( 4 3 . 7 —7 5 .5 % ). A t  lo w e r  le v e ls  o f  r e la tiv e  h u m id ity  
( 1 1 . 7 —3 2 .9 % ) th e  av era g e  g a in  in  w a fe r  le n g th  w a s  0 .3 3 % .

Determination of the relation between wafer expansion and the time taken for 
a coating to crack
Experimental

T h e  p r o c e d u r e  e m p lo y e d  fo r  th e  p r e p a r a tio n  o f  th e  w a fe r  sa m p le s  w a s  th e  
sa m e  as th a t  d e sc r ib e d  in  th e  p r e v io u s  s e c t io n .  A f t e r  th e  4 8  hr s to r a g e  p e r io d  
th e  f iv e  p ie c e s  o f  w a fe r  w e r e  ea ch  c u t  in to  n in e  sm a lle r  p ie c e s  m e a su r in g
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F ig u re  5. I s o th e rm  sh o w in g  th e  m o is tu re  c o n te n t  o f  a w a fe r  s h e e t  in  e q u il ib r iu m  
w ith  v a r io u s  re la t iv e  h u m id it ie s .

F ig u re  6 . R e la t io n  b e tw e e n  th e  g a in  in  le n g th  o f  a w a fe r  s h e e t  a n d  th e  g a in  in  
m o is tu re  c o n te n t  in  a n  a tm o s p h e re  o f  5 3 .0 %  re la t iv e  h u m id i ty .

52 x 33 mm which were immediately sealed in a polyethylene bag so that no 
change in moisture content would take place. Approximately half of these 
wafer pieces were used for determination of moisture content, while the re
mainder were individually weighed and hand-dipped in coating. The plain 
chocolate was melted to 46—49°C and tempered by cooling to 28°C and then 
heating to 31—32°C. Milk chocolate was similarly tempered but the final temp
erature was 29-30°C. The ‘bakers’ chocolate’ was melted to 49°C and then 
cooled to 37—43°C; no tempering was required. Particular care was taken to 
ensure that the coating was continuous and that there were no holes through 
which water vapour could pass. After cooling, each coated wafer was stored in 
an individual polyethylene bag in a tin. Any faulty samples containing holes in 
the coating developed cracks after 48 hr storage and were discarded. In order to 
hang the coated wafer on the hooks of the spring balance two suitable holes
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1.65 mm in diameter were drilled with a sharp pointed steel nail through the 
sample at one end. An additional two holes were drilled, one at the centre and 
one at the lower end of the sample so that there was a total of four points 
where the wafer was exposed to the atmosphere. The sample was placed on the 
spring balance, the time was noted and when the sample had come to rest the 
scale reading was noted by means of the travelling microscope. The sample was 
kept under continual observation and, as soon as a crack in the coating appeared 
in the vicinity of one of the holes, the time and scale reading were noted. 
The sample was then removed from the balance and broken along the line of 
the crack in the coating. The thickness of the coating at the line of fracture was 
measured at a number of points by means of the travelling microscope and the 
average figure recorded.

This procedure was carried out using plain and milk chocolate and dark and 
light ‘bakers’ chocolate’. In each case various thicknesses of coating and three 
levels of relative humidity, viz. 32.9%, 53.0% and 75.5%, were employed. With 
plain chocolate and dark ‘bakers’ chocolate’ additional observations were made 
at 100% relative humidity.

A separate series of experiments used wafers of different moisture contents 
which were coated with milk chocolate, with the object of determining the re
lation between the moisture content of the wafer and the time taken for the 
chocolate to crack.

Results
Relation between the time taken for the coating to crack and the thickness 

o f  the coating. When the time taken for cracks to appear in the coating was 
graphed against the average thickness of the coating along the line of fracture, 
a straight line passing through the origin was obtained at each level of relative 
humidity. As anticipated, the lower the relative humidity the lower was the 
rate of moisture adsorption and the longer the time taken for the coating to 
crack. The results obtained for plain chocolate are shown in Fig. 7, and in this 
case additional measurements were made at 100% relative humidity.

Similar sets of results were found for milk chocolate, dark and light ‘bakers’ 
chocolate’, and also for milk chocolate coated wafers having different moisture 
contents (2%, 3%, 4.5% and 5.5%).

Relation between the time taken for the coating to crack and the relative 
humidity o f  the atmosphere. The times taken for cracks to appear in coatings 
of constant thickness (arbitrarily chosen at 0.65 mm) were read off from the 
graphs of time v. coating thickness, and these figures were then graphed against 
the relative humidity of the atmosphere for all four types of coating (Fig. 8). In 
each series of observations the initial moisture content of the wafer was 2%. 
The curves are rectangular hyperbolae which are asymptotic to the equilibrium 
relative humidity of wafer at 2% moisture (7% r.h.) and to the time taken for 
the coating to crack in an atmosphere of 100% relative humidity. Significant
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F ig u re  7 . R e la t io n  b e tw e e n  th e  t im e  ta k e n  fo r  a p la in  c h o c o la te  c o a tin g  to  c ra c k  
a n d  th e  th ic k n e s s  o f  th e  c h o c o la te  a t  v a r io u s  h u m id it ie s  (o 3 2 .9 % ; x 5 3 .0 % ; 
•  7 5 .5 % ; □  1 0 0 .0 % ). In i t ia l  m o is tu re  c o n te n t  o f  w a fe r  = 2%

_____ i_____ i_____ i_____ i_____ i_____ i_____ i_____ i_____ i_____ i0 20 40 60 80 100Relative humidity (%)
F ig u re  8 . R e la t io n  b e tw e e n  th e  t im e  ta k e n  f o r  c o a tin g s  to  c ra c k  a n d  th e  re la t iv e  
h u m id i ty  o f  th e  a tm o s p h e re . I n i t ia l  m o is tu re  c o n te n t  o f  w a fe r  = 2% ; th ic k n e s s  o f  
c o a tin g  = 0 .6 5  m m . o P la in  c h o c o la te ;  x m ilk  c h o c o la te ;  « d a r k  ‘b a k e r s ’ 
c h o c o la te ’ ; □  lig h t ‘b a k e r s ’ c h o c o la te ’.

differences between the rates of cracking of the four types of coating are ap
parent. The fact that plain chocolate takes longer to crack than milk chocolate 
under the same conditions may be explained in terms of the compositions of 
the fats in the two chocolates. The fat in the plain chocolate was 100% cocoa 

6
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butter whereas that in the milk chocolate was a mixture of cocoa butter an4 
butter fat contributed by full-cream milk crumb. It is suggested that since the 
butter fat/cocoa butter mixture was softer than pure cocoa butter it would 
offer less resistance to the forces set up by the expansion of the wafer and the 
milk chocolate would therefore fracture earlier than the plain chocolate.

The two ‘bakers’ chocolates’ gave reversed results, however, since the dark 
variety fractured earlier than the light variety. The light variety contained frac
tionated fats and also a small proportion of cocoa butter derived from the 
cocoa powder used in its manufacture. The cocoa solids content was greater in 
the dark variety than in the light variety and the proportion of cocoa butter in 
the total fat was therefore greater. The fractionated fat and cocoa butter would 
form an eutectic mixture with a lower melting point which would be softer 
than the fat in the light variety which was affected to a lesser extent. In addi
tion the total fat content of the light variety was about 6% less than that of the 
dark variety and this contributed to the difference in hardness of the two coat
ings.

R e l a t i o n  b e t w e e n  t h e  t i m e  t a k e n  f o r  m i l k  c h o c o l a t e  t o  c r a c k  a n d  t h e  m o i s 
t u r e  c o n t e n t  o f  t h e  w a f e r .  Wafer pieces having moisture contents of 2%, 3%, 
4.5% and 5.5% were coated with milk chocolate and the times taken for the 
chocolate to crack at various chocolate thicknesses were measured at two levels 
of relative humidity (53.0% and 75.5%). From the graphs of time v. chocolate 
thickness the times taken for cracks to appear in chocolate of 0.65 mm thick
ness were read off and these figures were plotted against the moisture content 
of the wafer (Fig. 9). The curves were asymptotic to the equilibrium moisture 
contents of the wafer at each level of relative humidity, and increasing the 
moisture content of the wafer from 2% to 5.5% doubled the time taken for the 
chocolate to crack.

D i s c u s s i o n

The results confirm that, with a standard area of wafer exposed to the 
atmosphere, the time taken for a coating to crack is dependent on the thickness 
of the coating, the moisture content of the wafer, and the relative humidity of 
the atmosphere. With a wafer of 2% moisture content coated with chocolate of 
average thickness (0.65 mm) and exposed to an atmosphere of low relative 
humidity (32.9%) the time taken for the chocolate to crack was short — 45 min 
for milk chocolate and 90 min for plain chocolate. It must be remembered that 
there were four holes of 1.65 mm diameter in each test piece, and the area of 
wafer exposed to the atmosphere was greater than would be found in an aver
age commercial sample. An accelerated effect was thus assured, but even so, if 
holes are present in the coating on a commercial wafer sandwich, cracks must 
be expected to appear within a relatively short time of the enrobed pieces leav
ing the cooler unless they are wrapped immediately. Wrapping in a material of 
low water vapour permeability will retard the adsorption of water vapour pro-
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Wafer moisture (%)

Figure 9. R ela tion  be tw een  tim e tak en  fo r m ilk ch oco la te  to  crack an d  m oisture 
co n ten t o f w afer. Thickness o f ch oco la te  coating  = 0.65 m m . o 5 3 .0 % r .h .;
•  7 5 .5 % r.h .

viding the pack is perfectly sealed. The moisture content of the wafer must in
crease by about 1% before cracks will appear in chocolate 0.65 mm thick and, 
since the weight of wafer in an average commercial product is about 2—3 g, the 
weight of water vapour which must be adsorbed amounts at most to 0.03 g. A 
wrapper (130 cm2) with a low water vapour permeability (1 g/m2/24 hr) and 
suitable for an average size commercial product, will transmit this amount of 
water vapour in about three days under temperate conditions (25°C and 75% 
r.h.). Under average commercial storage conditions (19°C and 50—60% r.h.) 
cracks in the coating would be expected to appear within one or two weeks 
after manufacture. If the wafer is conditioned before enrobing to an evenly 
distributed moisture content of about 5% and there are holes in the coating, 
the time taken for cracks to appear will be doubled. Even so this conditioning 
would only increase the time to about two to four weeks with a perfectly seal
ed wrapper. Cracking of chocolate coating containing holes would only be 
eliminated if a perfectly sealed wrapper were used which was completely im
permeable to water vapour. Such a wrapper, e.g. a multifoil laminate, would in 
most cases be uneconomical.

It is evident that to prevent cracking the most important requirement is that 
the coating should be continuous and that there should be no holes in it. If this

6
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requirement is achieved the moisture content of the wafer is of secondary im
portance, except that the lower the moisture, the crisper will be the wafer. 
However, it is essential that the moisture should be evenly distributed within 
the wafer and that there should be no moisture gradients. If these two criteria 
are satisfied the coating will not crack.

Conclusions
(1) Determinations of the expansion of a wafer sheet under controlled con

ditions showed that at each level of relative humidity there was a linear relation 
between the percentage gain in length of the wafer sheet and the gain in mois
ture content over most of the range.

(2) The average gain in wafer length per 1% increase in moisture content was 
0.42% over the normal ambient range of relative humidity (43.7—75.5%). At 
lower levels of relative humidity (11.7% and 32.9%), the average gain in wafer 
length was 0.33% per 1% increase in moisture content.

(3) The time taken for a coating on a wafer to crack is dependent on the 
thickness of the coating, the moisture content of the wafer and the relative 
humidity of the atmosphere. The size and number of holes in the coating also 
affect the time.

(4) When the moisture content of the wafer was increased from 2% to 5.5% 
by suitable conditioning prior to enrobing the time taken for the coating to 
crack was doubled.

(5) In order to ensure that the coating will not crack it must be continuous 
and entirely free from holes and the moisture in the wafer must be evenly dis
tributed.
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T e c h n i c a l  n o t e :  A c i d  s e n s i t i v i t y  o f  f r e e z e  i n j u r e d  s a l m o n e l l a e  
i n  r e l a t i o n  t o  t h e i r  i s o l a t i o n  f r o m  f r o z e n  v e g e t a b l e s  
b y  p r e - e n r i c h m e n t  p r o c e d u r e

A. Y. SADOVSKI

Introduction

The potential public health hazards existing in frozen foods requires adequate 
control measures in order to ensure the absence of pathogenic bacteria. The re
commended methods for the isolation of salmonellae from foods often suggest 
a pre-enrichment step and most commonly in lactose broth (Angelotti, 1963; 
Thatcher & Clark, 1968; A.O.A.C., 1970;F.D.A., 1972).

In using lactose broth and other media for pre-enrichment of salmonellae 
from frozen vegetables, we have observed a fast decrease in pH. Considering the 
sensitivity of salmonellae to low pH (Chung & Goepfert, 1970; Huhtanen, 
1975; Prost & Reiman, 1967) we found it necessary to study the influence of 
this fact on the recovery of freeze injured salmonellae from frozen vegetables.

Materials and methods
Salmonellae serotypes were isolated in this laboratory and identified by the 
Government Central Laboratories, Salmonellae Center of Israel, Jerusalem. S. 
typhimurium, S. senftenberg and S. concord were isolated from sewage effluent 
and S. anatum from samples of corn kernels taken from a production line of a 
commercial vegetable freezing plant just before blanching. The cultures were 
routinely maintained on Trypticase Soy Agar (TSA, Difco) slants. Cultures 
used in the experiments were 17—18-hr old and were prepared by three con
secutive subculturings in nutrient broth (NB, Difco). All dilutions were made in 
saline (0.85% NaCl). Viable cell count was performed by triplicate plating on 
nutrient agar (NA, Difco). Pre-enrichments were made in 0.5% lactose broth 
and in buffered peptone water (BPW), which was made of 10.0 g Bacto- 
peptone; 5.0 g NaCl; 9.0gNa2HPO4 ,12H20 ; 1.5gKH2P04 and 1 litre distilled 
water (Edel & Kampelmacher, 1973). The samples were added to the broth in 
blender jars (Omnimixer, Sorvall) kept in an ice bath and blended at high speed 
for 2.5 min.

A u th o r’s address: D ep artm en t o f A gricu ltu ral B iochem istry , U n it o f F o o d  Science, 
F acu lty  o f A griculture, H ebrew  U niversity , R ehovo t, P.O. Box 12, Israel.



8 6 A .  Y .  S a d o v s k i

Frozen vegetables and hamburger steaks were purchased in retail stores and 
prepared for the experiments by thawing overnight at 6°C. Commercially pre
pared egg and milk powders were received from Dr D. Hartal of the Vita Co. 
and Dr S. Gordin of the Volcani Institute, respectively.

pH was measured with a Radiometer 25 pH meter. Freezing was performed 
in dry ice in ethanol and temperature determined and recorded with copper- 
ircn thermocouples attached to a recorder. Before freezing the cultures were 
washed by three consecutive centrifugations followed by resuspensions ir. saline 
which was also the freezing medium.

The resultant recovery and injury was estimated by plating on NA and on 
Salmonella Shigella Agar (SS, Difco) and injury calculated as following:

Recovery on selective medium 1 jqq 
Recovery on nonselective medium JInjury =

Figure 1. T ypical decrease in  pH during p re-en richm en t in cu b a tio n  o f fro zen  
vegetable sam ples in lac tose b ro th  (LB) and in BPW. T he p re-en richm en ts  in 
lactose b ro th  w ere prepared  by b lending 50 g sam ple in 150 m l o f b ro th  (Israeli 
S tan d ard , 1974) and in BPW by blending  25 g sam ple in  225 m l b ro th  (E d el & 
K am pelm acher, 1973).
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All incubations were performed at 37°C. All reported observations were con

firmed in at least three trials with vegetables from different commercial sources.

A c i d  s e n s i t i v i t y  o f  f r e e z e  i n j u r e d  S a l m o n e l l a e

Results and discussion

Monitoring the change in pH of frozen vegetable pre-enrichments in lactose 
broth and in BPW during 24 hr of incubation indicated a sharp decrease after a 
lag period which lasted for 6-8 hr (Fig. 1). Table 1 presents typical results of 
pH determinations of eleven samples incubated both in lactose broth and in 
BPW. The pH of all the frozen vegetable pre-enrichments in lactose broth de
creased to 4.5 in less than 24 hr. In four out of eight vegetables pre-enrichment 
samples of pH of 4.5 was recorded after less than 12 hr and approached the 
value of 4 after 24 hr of incubation.

The increase in acidity in frozen vegetables was predominant and occurred to 
a much lesser extent in the non-vegetable pre-enrichments of the egg and milk 
powders and of the frozen hamburger steak. Similarly, the pre-enrichments of 
all samples in BPW maintained a higher pH. Different ratios of sample size to 
pre-enrichment broth volume are used by different workers. Harvey & Price
(1974) recommend a 1/4 ratio, A.P.H.A. (1966) recommends a 1/5 and the
F.D.A. (1972) and the A.O.A.C. (1970) recommend a 1/10 ratio.

Table 1. T ypical pH changes during pre-en richm en t in cu ba tio n  o f fro zen  vege
tab les and o th e r  food  sam ples in LB and BPW*

F o o d  sam ple

pH values
In cu b a tio n  tim e (hr)

T im e of 
incub atio n  
to  pH 4.5

0 10 24

LB BPW LB BPW LB BPW

C arro t 6 .60 7.14 5.92 6.07 4.21 4 .89 18
Brussel sp rou ts 6.51 7.13 5.51 6.83 4.37 6.55 12
Sw eet corn 7.04 7.18 4 .37 6.34 4.01 4.88 10
Snap green beans 6 .54 7.13 5.04 7.06 4.06 6.37 12
Peas 6.87 7.18 5.54 6 .89 4.07 6.01 10
Sum m er squash 6.74 7.11 3.96 5.50 3 .80 6.21 8
B roccoli 6 .66 7.15 4 .22 6 .30 4 .14 6.59 9
O kra 6.52 7.12 5.03 6.64 4.42 6.02 > 1 2 < 2 4
H am burger steak  7.25 7.25 5.15 6.46 4 .77 6.51 -
Egg pow der 6.35 6.95 6 .14 6 .7 0 5.38 6.35 -
Milk pow der 6.37 6 .80 6 .22 6.64 5.45 5.02 -

* T h e  p r e - e n r i c h m e n t s  w e r e  p r e p a r e d  a s  d e s c r i b e d  i n  t h e  l e g e n d  t o  F i g .  1 .
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Table 3. Sensitiv ity  o f salm onellae to  in cu ba tio n  a t pH 4.0*

S alm onella sero type D-value (h r) a t pH 4 .0

S . ty p h im u r iu m 5 - 6
S . s e n f te n b e r g 5 - 6
S. c o n c o r d 2 - 3
S. a n a tu m 2 - 3

* L acto se  b ro th  acid ified  w ith  lac tic  acid was inocu la ted  
w ith  103 organism s/m l. V iable co un ts  w ere de term in ed  at 
in tervals o f  1 h r fo r 7 h r o f in cu b a tio n  a t 37°C . T he 90% des
tru c tio n  tim e was estim ated  fro m  th e  logarithm ic d estru c tio n  
curves.

To determine the effect of this ratio on the rate of increase in acidity, pre
enrichment of frozen sweet corn at different ratios of lactose broth and BPW 
were studied. As shown in Table 2, the ratio of sample weight to broth volume 
had little or no effect on pH. In addition, it is shown that the differences 
between lactose broth and BPW in promoting acid conditions should not be 
attributed to differences in bacterial growth, as the increase in bacterial colony 
counts per millilitre was faster in the BPW pre-enrichment. Thus, it is suggested 
that due to the availability of easily fermentable carbohydrates the buffer capa
city of the medium used for salmonellae pre-enrichments from frozen vegetables 
should be carefully controlled.

Differences in growth of different salmonella serotypes under inhibiting 
acidic conditions were shown by Huhtanen (1975) using pH gradient plates.
S . s e n f t e n b e r g  could grow down to pH 4.75 while S . a n a t u m  and S . t y p h i -  
m u r i u m  grew to pH 5.05. Since acidity accumulation in the pre-enrichment 
media may result in lower pH values, the relative resistance of bactericidal 
conditions on four serotypes was determined in lactose broth acidified to 
pH 4.0. The results (Table 3) show that the 90% destruction time may differ 
considerably and for the different serotypes it ranged between 2 and 6 hr of 
incubation. Considering that the commonly practiced pre-enrichment incuba
tion time is 24 and 48 hr and that acidification to pH 4.0 may happen within 
24 hr or less (Table 1), these expressions of acid sensitivity become highly 
significant.

In view of the fact that salmonella contamination at the post blanching stage 
of frozen vegetable production may have been subjected to the freezing pro
cess, the effect of freeze injury on acid sensitivity was studied. A suspension of 
S . t y p h i m u r i u m  was frozen and recovery, injury and acid sensitivity were deter
mined. The results (Table 4) show that prior to freezing S. t y p h i m u r i u m  could 
grow at pH as low as 4.4. However, the frozen culture that has suffered a 48% 
injury could not grow at that pH nor at pH 4.71, but could at pH 5.52. 
Increasing the extent of injury by freeze storage at -1 8 ° C to 72% did not alter 
that result.
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The need to control pH when using lactose broth as a pre-enrichment med
ium for salmonellae was suggested before (F.D.A., 1972). Our data draw atten
tion to the frozen vegetables which is shown to be a particular sensitive system 
due to two main reasons. The first is the apparent lower buffering capacity of 
the vegetable tissue compared with protein-rich foods and the second is the 
higher sensitivity to low pH of freeze injured salmonellae which may contami
nate frozen vegetables. The high acid conditions may interfere with epidemio
logical investigations by selecting more acid tolerant serotypes, and may result 
in low recoveries and ultimately ‘false negative’ results.

In conclusion it is suggested that lactose broth, a commonly used medium, is 
not suitable for the pre-enrichment of salmonellae from frozen vegetables and 
a better buffered medium such as BPW is preferred.
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Protein Metabolism and Nutrition. Ed. by D. J. A. Cole, K. N. Boorman, 
P. J. Buttery, D. Lewis, R. J. Neale and H. Swan.
London: Butterworths, 1976. Pp. 515. £16.
The book is the outcome of a symposium held by the European Association of 
Animal Production at the University of Nottingham in July 1974. This state
ment could be very misleading to the potential reader who may then anticipate 
a publication devoted to the relative merits of protein-rich feedstuffs for the 
production of more eggs, lamb triplets, and larger litters of piglets.

Far from it, the first sixteen of the twenty-seven contributions are almost 
pure biochemistry and are quartered under the headings ‘Protein Synthesis 
and Turnover’ which includes a masterly introductory chapter by Professor 
H. N. Munro on the intricacies of protein synthesis at the cellular level, 
‘Digestion and Availability’, ‘Nitrogen-Energy Relationships’ and ‘Measure
ment of Protein Adequacy’. Nutritionists tend to think of protein mainly in 
terms of amino acids but this symposium rightly investigated its intrinsic 
energy value and also the energy requirements involved in the metabolism of 
protein.

The remaining eleven papers are of a more applied nature, but still with a 
biological content, and are divided between the protein nutrition of ruminants 
and non-ruminants; however, as to be expected from a gathering of agricultural
ists, homo sapiens has no place in the latter section!

Therefore, animal nutritionists will find this publication unrivalled as an 
up-to-date source of information about protein; human nutritionists and 
biochemists would be well advised to study the first half of the book; however, 
food scientists and food technologists will find comparatively little information 
relevant to their professional interests unless they are directly concerned with 
the animal feedstuff industry. The editors and publishers are to be con
gratulated on the very clean-cut and uniform presentation which makes for 
reading without strain.

K. Mary Clegg

Commercial Processing of Fruits: Food Technology Review No. 30. By L. P.
Hanson.
New Jersey: Noyes Data Corporation, 1976. Pp. xi + 299. US$36.
This review covers the U.S. patent literature from 1965—75 with references to 
one or two earlier patents. The ten sections dealing with 174 patents include 
handling fresh fruit, general dehydration processes, other general processes,
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e,g. peeling, canning, freezing and stabilization, and specific products, citrus 
fruit, pomes, drupes, grapes, bananas, avocados, dates, melons, coconuts, and 
pineapples.

The sections on the post harvest handling of fruits are of particular interest. 
Several methods for extending shelf life and maintaining quality prior to 
processing are dealt with together with methods of peeling. Dehydration pro
cesses include freeze drying, drum drying, air drying and other conventional 
methods as well as reverse osmosis and drying with hot oils under vacuum. 
Many of the products are of no direct or immediate interest to U.K. food 
processors; however, there is a good deal of information on apples and other 
tree fruit as well as berry fruits.

In general the book is well written and attractively produced. Those who are 
ccncerned with fruit handling and processing will find a wealth of information 
in this book.

S. D. Holdsworth

L ip id s . (2 Vols.) Ed. by R. Paoletti, G. Porcellatti and G. Jacini.
New York: Raven Press, 1976. Pp. xvi + 282 +271. US$59.50 (both volumes).
Lipids consists of the invited lectures and symposia presented at the 12th 
International Congress on Fat Research, held in Milan, Italy, in September 
1974. The book is divided into Volume 1 on ‘Lipid Biochemistry’ (twenty- 
nine papers), and Volume 2 on ‘Lipid Technology’ (thirty-one papers). The 
contributions, which are all in English, range from small reviews to minor 
research papers, and most have between fifteen and twenty-five references.

The contents do not give a comprehensive survey of lipid research, as the 
title might suggest, but provide an up-to-date (1974) discussion of progress in 
selected topics. About one-third of the papers are likely to be of interest to 
food scientists and technologists.

In Volume 1, mechanisms of lipid oxidation are the subject of papers by 
Boldingh (soya lipoxygenase-1), McCay et al. (enzyme-generated free radicals 
and singlet oxygen), and Mead and Wu (autoxidation of fatty acids in mono- 
layers). Some nutritional aspects of dietary lipids are described by Holman 
(essential fatty acids), Berra et al. (brain gangliosides), Galli et al. (essential 
fatty acids in brain lipids), and Fidanza (coronary heart disease).

In Volume 2, problems in olive oil research are described in the plenary 
lecture by Jacini, and in related papers by Bozzini (improvement in oil pro
duction), Pallotta (proof of genuineness), and Fedeli et al. (insect infestation of 
olives).

Analytical methodology is contained in papers in several sections of both 
volumes. The topics covered are sterol analysis (Seher, plenary lecture), liquid 
chromatography of non-ionic surfactants (Aitzetmiiller), determination of 
double bond positions by NMR (Bus and Frost) and Raman spectroscopy in 
aqueous dispersions (Larsson), quantitative thin-layer chromatography
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(Mukheijee), metals in oils by flameless atomic absorption (Prevot and Kundu) 
and preparative gas chromatography of flavour volatiles (Prevot and Mordret).

There is very little on the industrial processing of oils and fats. Letan and 
Koslowsky describe a method for fractionating oils, and Seher reviews new 
developments in hydrogenation and transesterification. Readers with a special 
interest in oils and fats processing would find the contemporary June 1976 
issue of the Journal of the American Oil Chemists Society far more compre
hensive.

Papers on lipids in food technology are scattered throughout several sections 
in Volume 2. They deal with the control of fat polymorphism and physical 
properties (Berger), medium-chain triglycerides (Bracco), the physical state of 
fat in dispersions (Walstra), fats in baked goods (Menger), off-flavours 
(Pokomy), and alteration of fats used in frying (Chang and Blumenthal; Fedeli 
et a l).

Lipids provides a broad perspective on progress in what the Congress 
organizers consider to be particularly active and important areas of research, 
and as such it is good background reading. However, for the reader who has 
developed a specialized interest the book could prove rather disappointing.

W. R. Morrison

Staphylococci and their Significance in Foods. By T. E. Minor and E. H. Marth. 
Amsterdam, Oxford, New York: Elsevier Scientific Publishing Company, 1976. 
Pp. xiv + 297. US$33.50.
This book is a comprehensive review of Staphylococcus aureus and staphylo
coccal enterotoxins in food and is an extension of earlier reviews which were 
written by the same authors and which appeared in th& Journal o f  Milk and 
Food Technology (1971—72) and the Indian Journal o f  Nutrition and Dietetics
(1972). The book is directed at research workers in academic, government and 
industrial food microbiology laboratories, quality control personnel and 
management in the food industry, public health authorities, personnel engaged 
in food related regulatory activities and students of food microbiology. Some 
background information is included for the benefit c f  readers who are un
familiar with the more difficult concepts.

Subjects covered include some historical aspects of staphylococcal infections; 
taxonomy and a general description of staphylococci; resistance of Staphylo
coccus aureus to biochemical and chemical agents in artificial environments; 
physiological characteristics suggest as indicators of staphylococcal entero- 
toxigenicity; isolation and identification; properties, synthesis, purification, 
detection and mode of action of staphylococcal enterotoxins; source and trans
mission of enterotoxigenic strains; behaviour in dairy foods, in meat, fish and 
poultry products and in cream filled pastries and delicatessen foods; and 
surveillance and control of staphylococcal foodborne intoxications in the
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U.S.A. Methods for the isolation and enumeration of S. aureus from foods and 
the detection of enterotoxins are thoroughly discussed and a detailed descrip
tion of some of these is given.

Most chapters are followed by an extensive bibliography. However, with the 
exception of the bibliographies of Staphylococcus aureus in foods and the 
surveillance and control of staphylococcal foodborne intoxications there are 
few references after 1973. It is disappointing that some of the European 
literature is not mentioned or discussed, for example the work carried out 
by Untermann and Sinell in Germany on the occurrence of enterotoxigenic 
strains. A slight irritation is the use of the word ‘staphylococci’ as a synonym 
for S. aureus.

This book brings together for the first time, into one volume, information 
about the characteristics of Staphylococcus aureus and of staphylococcal entero
toxins, the behaviour of S. aureus in foods and the role of this organism in 
foodborne illness. Altogether an excellent source of reference that gives a clear 
picture of the development of our knowledge of S. aureus and its entero
toxins in relation to foods.

Antonnette A. Wieneke

The Chemical Analysis of Foods, 7th Edn. By David Pearson.
Edinburgh: Churchill Livingstone, 1976. Pp. xii + 575. £13.50.
This seventh edition appears exactly fifty years after the first and reflects the 
advances made during that time in analytical chemistry and their applications 
to food, and also the developments in legislation that have resulted in the 
setting of rigorous standards for the quality and safety of present-day food
stuffs.

In the first edition the author stated that the methods given were those 
which had been well tried and found reliable, and it is a tribute to the pioneers 
of food analysis that several of those methods have stood the test of time and 
are included in the current edition, e.g. the Gerber and Werner-Schmidt 
methods for fat estimation, determination of crude fibre, King’s method for 
pectin and the microscopical identification of starches. The more recent 
methods given in the new edition are also of proved reliability and it is the 
inclusion of the working details of so many accepted methods that makes this 
book such a valuable bench-side companion for the food analyst.

The sixth edition was approximately twice the size of the first and had 
probably reached the maximum size desirable for a book of this nature. Thus 
the author faced the problem of revising the text to include new material 
without increasing the size of the book, and it is the reviewer’s opinion that 
Dr Pearson has succeeded admirably in this task; in fact the new edition 
contains fewer pages than its predecessor.

Legal requirements and standards are now derived not only from U.K. 
Regulations but also from EEC Directives and the Codex Alimentarius and the



B o o k  R e v i e w s 9 7

author’s declared aim was to effect a compromise between the present and the 
probable future. In the sixth edition the chapter on Food Legislation occupied 
eighteen pages, some of which repeated details already given in other chapters 
on specific commodities. This chapter has been omitted and Food Legislation is 
summarized in three pages of the Introduction. In other chapters details of 
some of the more elaborate procedures, especially those likely to be used only 
rarely, if at all, have been deleted. For example, the determination of calcium 
as oxalate is not described in detail but its determination by atomic absorption 
spectrophotometry is. Estimation of sodium and potassium by flame photo
metry are among other new methods described in detail. Descriptions of 
arsenic, lead, tin and zinc determinations have been shortened, often by 
eliminating alternative methods, but that of mercury is described in greater 
detail. The long description of the Filth Test is omitted. However, appropriate 
literature references have been retained and new ones added; the references 
have been taken out of the text and collected at the end of each chapter.

There has been a minor rearrangement of material in certain chapters, e.g. 
starch products are grouped with baking powders, etc. instead of with cereals. 
There has also been a partial changeover to the SI system but in most instances 
the older equivalent is also stated.

This book can be very highly recommended to all laboratories concerned 
with food analysis; it should be kept close to the bench.

T. L. Parkinson

Books Received
The Man/Food Equation. Ed. by F. Steele and A. Bourne.
London: Academic Press, 1975. Pp. xv + 289. £7.00.
A collection of papers presented at a symposium in which the prospects of 
food production for a growing world population were considered.
Food Flavouring Processes. By N. D. Pintauro.
New Jersey: Noyes Data Corporation, 1976. Pp. xii + 208. US$39.00.
A survey of the American patent literature on food flavours and processes for 
their production.
Sausages and Small Goods Production. Sixth edition. By F. Gerrard.
London: North wood Publications Ltd, 1976. Pp. ix + 254. £4.75.
A guide for students and practising butchers.
Food for Life. By F. E. Deatherage.
New York: Plenum Press, 1975. Pp. xii + 422. £23.40.
An integrated approach to problems of food, food production and nutrition 
intended for students.
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Erratum
A. E. Bender and M. Zia. Meat quality and protein quality. Journal o f  Food 
Technology 1976, 11,495.
The table on p. 497 should be replaced by:

T able 1. Q uality  o f  m eat p ro te in  and collagen co n ten t

Sam ple NPU
duplicates

Mean H ydroxypro lin e  
(g /100  g p ro te in )

Collagen
(g /100  g P ro tein )

Shin 6 8 ,7 0 69 3,31 23.6
Shin + m eth ion ine 88, 90 89
Fille t 8 1 ,8 3 82 0 .36 2.5
Fille t + m eth ion ine 9 9 ,9 7 98
[S hou lder (cook ed) 76, 80 78 1.9 13.5] *

* F ro m  B ender & H usaini, 1976.
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