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T h e  r e le v a n c e  o f  G o s t r i d i u m  b o t u l i n u m  t y p e  C in  p u b lic  
h e a lth  a n d  f o o d  p r o c e ss in g

T. A. ROBERTS an d  ANGELA M. GIBSON

Summary
A survey of published information suggests that measures taken in the food 
industry to control Clostridium botulinum  types A and B would also control 
type C should its numbers have increased locally as a consequence of out
breaks of botulism in wildfowl or broiler chickens.

Introduction
Recent outbreaks of type C botulism in the U.K. in wildfowl and broiler 
chickens have prompted food processors to question whether Clostridium 
botulinum  type C has become more common in the environment, whether 
processes to control Cl. botulinum  types A and B will also control type C, and 
raise the question of the possible public health significance of Cl. botulinum  
type C in man.

Outbreaks of type C avian botulism have been reported from many parts of 
the world, including North America, Canada, Australia, Sweden, Denmark, 
The Netherlands, Britain, Uruguay and S. Africa (Hariharan & Mitchell, 1977; 
Haagsma, 1974a). Botulism in poultry was frequently reported in the early 
literature (see Roberts & Codings, 1973) but had become rare until 1969 when 
two outbreaks, one in California (Sadler & Brownell, 1969) and one in the
U.K. (Blandford & Roberts, 1970) occurred almost simultaneously. Since 
1969, U.K. outbreaks of type C botulism in birds have been reported by 
Keymer et al. (1972); Blandford, Roberts & Ashton (1969) and Roberts 
et al. (1972) and outbreaks in broiler chickens by Blandford & Roberts (1970); 
Roberts & Codings (1973); Roberts, Thomas & Gilbert (1973); Smart & 
Roberts (1977).

Botulism is classically regarded as an intoxication — a preformed toxin being 
ingested and absorbed. The cause of death is usually muscular paralysis resulting 
in impaired breathing and terminal asphyxia (Lamanna, 1959). There are six

Authors’ address: Agricultural Research Council, Meat Research Institute, Langford, 
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types o f Cl. botulinum  each producing antigenically distinguishable neuro
toxins designated A, B, C, D, E, F. A seventh type, G, has been suggested 
(Gimenez & Ciccarelli, 1967) although no outbreak of type G botulism has 
yet been reported in man or animals. Animal species differ in their sensitivity 
to the various toxins of Cl. botulinum  (Table 1). Man is generally only affected 
by types A, B, E and F, while type C commonly affects birds and animals, and 
type D animals, mainly cattle (Dolman, 1964). Etowever suspected outbreaks of 
type C and D botulism in man have been reported (Meyer et a l, 1953; Prévôt 
é ta l ,  1955; Demarchi et al. 1958).

The general ecology, distribution and host spectrum of Cl. botulinum  type C 
has been fully discussed by Smith (1976) and Hariharan & Mitchell (1977) 
and the purpose of this short review is to bring together available information 
of Cl. botulinum  types C and D, and discuss their public health and food 
processing implications.

Public health implications
Reported human botulism o f  types C and D

(1) In 1953 a case of ‘human type C botulism’ was reported in the U.S.A. 
(Meyer et a l, 1953). Stomach contents from the fatal case produced symptoms 
of botulism in mice and guinea-pigs, although the toxicity could not be neutral
ized by specific botulinal antisera. When stomach contents were cultured Cl. 
botulinum  was isolated and guinea-pigs immunized with toxoid from this 
organism were resistant to type C toxin but not toxins of types A, B, D and E. 
The source of the intoxication was not stated, and no serological evidence was 
provided to confirm botulism as the cause of death.

(2) Another case of ‘human type C botulism’ was reported in France (Prévôt 
et a l, 1955). Clostridium botulinum  type C spores survived ‘cooking’ in a 
pâté de campagne which was stored for approximately 2 months prior to 
consumption. Type C toxin was detected in the pâté and two persons were 
poisoned, one recovering without treatment, and the other after treatment 
with polyvalent antitoxin. Again no serological tests were reported to confirm 
the presence of type C toxin in the blood of those affected.

(3) Matveev et al. (1967) reported two cases of human type C botulism in 
Russia between 1964 and 1966, but offered no details of these outbreaks.

(4) Demarchi et al (1958) described an outbreak of type D botulism in 
Chad, involving six Europeans who had eaten uncooked salted ham prepared 
as an hors d’oeuvre. All six cases showed varying symptoms of botulism but 
recovered over a range of 1 day to 1 month. No confirmatory tests on serum 
from any of the cases were reported, but Cl. botulinum  type D and its toxin 
were detected in the ham.

(5) In 1973 a further case of ‘human type C botulism’ apparently occurred 
in France (Fournaud, 1977, personal communication) when type C toxin was
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detected in the blood of one fatal case. However, according to our information, 
samples of food were not tested for the organism or its toxin.

Although these reports are offered as ‘outbreaks of types C or D botulism 
in man’ and the symptoms observed corresponded to those of botulism, in no 
instance have adequate tests been made to confirm those claims. In addition 
to observing characteristic symptoms of botulism in affected cases, Cl. botu- 
linum toxin should be demonstrated in the blood and/or faeces of those cases, 
and ideally, the source of the toxin identified. It is not uncommon however, in 
genuine cases of botulism for the quantity of toxin in a patient’s serum or 
faeces to be close to the limit of detection using the mouse bioassay. Demon
stration of Cl. botulinum  by enrichment procedures should not be taken as 
adequate confirmation since it can also be demonstrated in foods not associated 
with outbreaks of botulism (Roberts & Smart, 1977). All the above ‘outbreaks’ 
were reported by workers experienced in Cl. botulinum.

Type C botulism in birds and animals
Since 1969 outbreaks of type C botulism in the U.K. have been reported 

frequently in wildfowl (Keymer et al., 1972; Blandford et al., 1969; Roberts 
et al., 1972) and a comprehensive review of botulism in waterfowl was published 
by Smith (1976). In the summer of 1975 at least 4000 birds were known to 
have died from botulism in eighteen different outbreaks (Lloyd et al., 1976) 
and small outbreaks are now confirmed each summer.

Similar outbreaks of botulism in waterfowl were first recognized in The 
Netherlands in 1970, with subsequent outbreaks in 1971, and 1972 (Haagsma, 
1973, 1974a). The serious outbreak in 1970 prompted research into the 
etiology and epidemiology of botulism amongst waterfowl in The Netherlands. 
Thermal pollution of surface water may prolong outbreaks of botulism among 
waterfowl because the birds tend to concentrate in areas of warmer water 
throughout the autumn and winter (Haagsma, 1974a).

Since the report by Kalmbach & Gunderson (1934) that Cl. botulinum  type 
C was able to grow and produce toxin in decomposing marsh vegetation rich in 
organic matter, it was long assumed that outbreaks of botulism in wildfowl 
arose in that manner. However Hunter (1970) showed that rotting vegetation 
failed to support the growth of Cl. botulinum  type C, and experimental lakes 
did not become toxic to ducks even though the lakes simulated areas of natural 
outbreaks. Haagsma (1973) also demonstrated that Cl. botulinum  type C failed 
to grow and produce toxin in samples of mud or water taken from areas of 
high botulism mortality, even though these samples were heavily contaminated 
with Cl. botulinum  type C and were incubated at optimum temperature, unless 
they were enriched with animal material (liver and meat particles).

Natural outbreaks of type C botulism are now believed to be caused by either 
the ingestion of invertebrates which have died following flood or drought, a 
proportion of which will contain botulinum toxin as a result of growth of Cl.
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botulinum  in the alimentary tract after death, or the ingestion of maggots 
which often develop on the carcasses of ducks which have died of botulism 
or other causes and frequently contain Cl. botulinum  toxin (Hunter, 1970).

Clostridium botulinum  was demonstrated in 35% of samples taken from 
aquatic environments throughout the U.K. (Smith, Milligan & Moryson,. 1978) 
type B being more common than types C or E and type D least common. 
Samples from the Norfolk Broads yielded almost uniform contamination with 
Cl. botulinum  of one type or another and types C and E occurred as frequently 
as B (Borland, Moryson & Smith, 1977) but there was little difference between 
the Broads where bird mortality from botulism had occurred, and those where 
it had not. Similarly Haagsma (1974a) showed that 30% samples from Dutch 
inland waters, and approximately 75% of waterways themselves contained Cl. 
botulinum. Type E was more common than C or B, except in areas where 
botulism in waterfowl had occurred.

In a survey of 260 soil samples throughout the U.S.A., Cl. botulinum  was 
detected in only 23.5% of the samples (Smith, 1978). Types A and B were the 
most common (approximately 10%) but type C was isolated from only three 
samples not associated with aquatic environments.

Of 4345 samples of soil and water from the U.S.S.R. examined by Kravchenko 
& Shishulina (1967), Cl. botulinum  was demonstrated in 10% of the soil 
samples, and 4% of the water samples. Type E was the most common in soil 
samples, type C least common.

In the first outbreak of type C botulism in broiler chickens in the U.K. 
(Blandford & Roberts, 1979) intoxication was the result of birds cannibalizing 
decomposing carcasses in which Cl. botulinum  type C was growing, and a 
relatively small number of birds were affected. The remaining outbreaks 
(Roberts & Collings, 1973; Roberts, Thomas & Gilbert, 1973; Smart & Roberts,
1977) involved from 400 to 3500 birds, but in no case was the source of toxin 
discovered, although Cl. botulinum  type C was detected readily in the litter and 
sometimes in feed samples. It seemed possible that the organism could have 
grown in the gut of the birds and produced sufficient amounts o f toxin to 
intoxicate them — a process termed ‘toxico-infection’ (Minervin, 1967). Low 
numbers of Cl. botulinum  in the feed and numbers up to 10 000-fold higher in 
the gut and litter in the last outbreak (Smart & Roberts, 1977) appear to 
confirm this mode of intoxication. Miyazaki & Sakaguchi (1978) confirmed 
that growth of type C can occur in the live chicken, particularly in the caecum, 
and thus cause a toxico-infection.

Similarly, on a poultry farm in The Netherlands, 30 000 broiler chickens 
died from type C botulism over a 15-month period. The farm was widely 
contaminated with Cl. botulinum  type C, but the source of the toxin was not 
located (Haagsma, 1974b).

In a survey in the U.K. of 1120 dressed chickens from six large packing 
stations which had obtained the birds from 185 broiler houses on ninety-four 
separate farms, plus 129 samples from ten other packing stations, by methods 
previously successful in detecting low numbers of Cl. botulinum  in chicken,



only four samples (0.32%) carried Cl. botulinum, all type C (Willis et al,
1971).

Botulism was almost certainly the cause of death of calves (Davies et al,
1974) since Cl. botulinum  type C was isolated from both soil and liver enrich
ments and type C toxin was also found in the bulked bowel contents of the 
two calves. However serum samples were not available and confirmatory tests 
for the presence of Cl. botulinum  toxin could not be performed.

Botulism in cattle has also been reported in The Netherlands. The first out
break was of type C botulism (Haagsma et al, 1977) and was caused by the use 
of contaminated litter from a broiler farm as bedding for the cattle. The 
following two outbreaks were of type B botulism caused by the supplementary 
feeding of brewers grains contaminated with Cl. botulinum  type B (Haagsma & 
Laak, 1978; Breukink et a l, 1978).

In an outbreak described by Blandford, Roberts & Ashton (1969) ferrets 
died after being fed carcases of mallard collected from an area where botulism 
was later demonstrated. Type C botulism is relatively common in mink which 
are fed uncooked offal (Gitter, 1959; Roberts et a l, 1972). Good protection 
is afforded by ‘vaccination’ but unvaccinated stock are susceptible to very 
small amounts of toxin in the offal.

One possible risk to  the public would arise from a dead broiler chicken 
being accidentally included with birds for slaughter, or a bird suffering from 
the disease being slaughtered with healthy birds. The former should never occur 
and in the unlikely event of the latter, the level of Cl. botulinum  toxin in a 
fresh carcase would be much lower than the 2000 mouse MLD/g of leg muscle 
detected in one sample of decomposing broiler chicken (Blandford & Roberts, 
1970). In the outbreak described by Roberts & Collings (1973) birds from the 
affected flock that had remained healthy were processed normally. After 
processing and freezing they were still contaminated with Cl. botulinum  type
C. The minimum growth temperature of Cl. botulinum  type C is 12.8°C 
(Segner, Schmidt & Boltz, 1971) but at that temperature about 23 days would 
be required for toxin production, by which time the chicken would be spoiled 
by other bacteria.

Botulinal toxins are simple globular proteins (Lamanna, 1959) and relatively 
heat sensitive. Type C toxin was destroyed by heating at 90°C for 2 min 
(Prévôt & Brygoo, 1953). Thus normal cooking procedures would inactivate 
any preformed toxin.

2 1 6  T. A .  R o b e r t s  a n d  A n g e l a  M . G i b s o n

Food processing implications
Physiological properties o f  Cl. botulinum

Metabolism in relation to pH. The minimum pH for germination, vegetative 
growth and toxin production of Cl. botulinum  type C was similar or slightly 
higher than that for types A, B and E (Table 2) consequently the possibility cf 
growth of Cl. botulinum  type C is similar to that of other types.



C lostrid ium  b o tu lin u m  t y p e  C  in  r e l a t i o n  t o  f o o d s  217
Table 2. Metabolism of the types of C l. b o t u l i n u m  in relation to pH

Type Minimum pH Reference
Germination

A 5.3 Baird-Parker & Freame, 1967
B 5.0 Baird-Parker & Freame, 1967
C 5.9 McKee, Bell & Hoyer, 1958
C 6.0 Dozier, 1924
E 5.0 Baird-Parker & Freame, 1967
E 5.01 Segner, Schmidt & Boltz, 1966

Growth in vegetative form
A 4.8 Townsend, Yee & Mercer, 1954

5.2—5.3 Meyer & Kietzeman, 1957
5.3 Baird-Parker & Freame, 1967
5.5 Bonventre & Kempe, 1959
5.3 Ingram & Robinson, 1951
6.0 Ohye & Christian, 1967
5.68 Huhtanen e t  a l ,  1976

B 4.93 Townsend, Yee & Mercer, 1954
5.2—5.3 Meyer & Kietzeman, 1957
5.0 Baird-Parker & Freame, 1967
5.24 Huhtanen e t  a l., 1976
5.1 Ingram & Robinson, 1951
6.0 Ohye & Christian, 1967

C 5.0 Dozier, 1924
7.0 Bengston, 1924
5.1 Segner, Schmidt & Boltz, 1971

E 5.25-5.3 Meyer & Kietzeman, 1957
6.0 Ohye & Christian, 1967
5.3 Baird-Parker & Freame, 1967

F 4.5 Holdeman, 1964
Toxin production

A 5.45 Ito e t  a l., 1978
5.5 Bonventre & Kempe, 1959
6.0 Ohye & Christian, 1967

B 6.0 Ohye & Christian, 1967
5.58 Ito e t  a l., 1978

C 5.7 McKee, Bell & Hoyer, 1958
7.0 Bengston, 1924

E 6.0 Quortrup & Holt, 1940
6.0 Ohye & Christian, 1967

Minimum growth temperatures. The minimum growth temperature for Cl. 
botulinum  type C is 12.8°C (Segner, Schmidt & Boltz, 1971) hence it is un
likely to grow under good commerical chill storage (Table 3).

Heat resistance o f  spores. Clostridium botulinum  type C spores are no 
more resistant to heat than those of the other types of Cl. botulinum  (Table 
4 ).Chlorine resistance o f  spores. The sensitivity of Cl. botulinum  type C spores 
to chlorine is not significantly different from that of types A, B or E (Table 5).
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Table 3. Minimum growth temperatures of C l. b o t u l i n u m

Type Minimum temperature (°C) Reference
A (proteolytic) 10 Tanner & Oglesby, 1936

12.5 Ohye & Scott, 1953
B (proteolytic) 10 Tanner & Oglesby, 1936

12.5 Ohye & Scott, 1953
B (non-proteolytic) 3.3 Eklund, Wieler & Poysky, 1967
C (Terrestrial) 12.8 Segner, Schmidt & Boltz, 1971
C (Marine) 15.6 Segner, Schmidt & Boltz, 1971
C 12.5 Haagsma, 1974a
E 3.3 Schmidt, Lechowich & Folinazzo, 1961 

Schmidt & Segner, 1964
F (proteolytic) 4.0 Walls, 1967
F (non-proteolytic 3.3 Eklund, Poysky & Wieler, 1967

Sodium chloride tolerance. Clostridium botulinum  type C is more sensitive 
to  NaCl than types A, B or E (Table 6).

Sodium nitrite tolerance. No data are available for types C and D: Table 7 
lists the inhibitory concentration of sodium nitrite for Cl. botulinum  types 
A, B, E and F.

Radiation resistance o f  spores. The radiation resistance of spores of Cl. 
botulinum  type C in aqueous suspension does not differ significantly from that 
of types A, B, D, E or F (Table 8).

Physiological properties o f  Cl. botulinum toxin
Resistance o f  toxin diluted in water. Clostridium botulinum  type C toxin 

decomposes more slowly than types A, B, D or E when diluted in water (Table 
9).

The stability of botulinal toxins in simple buffers was lower than in buffered 
systems containing gelatin (Littauer, 1951). Consequently, toxin would not be 
expected to remain for any length of time in lake water, but the evidence is 
conflicting: Brygoo (1953) reported that 80% toxicity was lost in 1—7 days at 
room temperature. However when Haagsma (1973) transferred Cl. botulinum  
type C toxin, produced experimentally, to an area of severe botulism out
breaks among waterfowl, the toxin remained stable even after 9 months, 
although toxin was not found in mud and water samples collected from areas 
of high botulism mortality. Graham et al. (1978) reported that type C toxin 
retained 1% of its toxicity after 344 days in screw-capped bottles in lake water. 
Hence toxin may remain in lake water or mud for long periods and areas of 
botulism mortality may be a potential danger to foraging waterfowl for many 
months following an outbreak.

Effect o f  pH. There are no data available for Cl. botulinum  type C toxin, but 
type A toxin remained moderately stable in alkaline solutions up to a pH of
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Table 4. Relative heat resistance of the spores of C l. b o t u l i n u m

Type
Temperature
(°C) D(min)

Author’s 
z value 
(°F) Reference

A 121.1 0.20 18 Schmidt, 1964115.6 0.74
115.5 0.3—0.8 Tsuji & Perkins, 1962112.8 1.1-1.2 Ito e t  a l ,  1967B 112.8 0.2—1.3 Ito e t  a l . , 1967100 3.0-6.0 Roberts unpublishedC terrestrial

468 101 2.31-2.58 11.5 Segnerà Schmidt, 1971571 1.07-1.27 10.0 Segnerà Schmidt, 1971468 104 0.82-1.00 Segnerà Schmidt, 1971571 0.4 Segnerà Schmidt, 1971468 107 0.25-0.3 Segnerà Schmidt, 1971571 0.1-0.13 Segner à  Schmidt, 1971468 110 0.10-0.14 Segnerà Schmidt, 1971C marine
6813 93 2.26-2.39 10.7 Segnerà Schmidt, 19716812 96 2.29-2.85 10.8 Segner à  Schmidt, 19716813 0.92-1.23 Segner à  Schmidt, 19716812 102 0.2-0.28 Segnerà Schmidt, 19716813 0.06-0.11 Segner à  Schmidt, 19716812 104 0.1-0.14 Segner à  Schmidt, 1971E 70 29.3-37.5 13-15 Ito e t  a l . , 1968

75 5.1-8.2 Ito e t  a l ,  1968
80 1.4-1.8 Ito e t  a l . , 196880 0.33-1.25 7.4-10.7 Roberts, Ingram à  Skulberg, 196570 36, 7.8 Ohye à  Scott, 1957
75 10.0, 3.1 14.0, 17.0 Ohye à  Scott, 195780 3.3, 0.4 Ohye à  Scott, 1957F 80 0.6, 3.3 Schmidt, 1964

100 0.003, 0.017 Schmidt, 1964
95 15 Roberts, unpublished

Table 5. The effect of chlorine on the spores of C l. b o t u l i n u m .  4.5 ppm 
free available chlorine in phosphate buffer pH 6.5
Type Time* (min) Reference
A à  B 7.8 Ito e t  a l., 1968
C c . 3 Ito, 1975 (personal communication)
E 4.0 Ito e t  a l . , 1968

Time for 99.9% reduction in viability
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T a b le  6 . Sodium chloride tolerance of C l b o t u l i n u m

Type
Highest concentration 
of salt tested allowing growth (%) pH

Incubation
temperature
(°C) Reference

A 6.1 7.0 30 t Baird-Parker & Freame, 1967
4.58 6.0 30 f Baird-Parker & Freame, 1967
8.0 7.0 40 t Ohye & Christian, 1967
6.0 6.0 35 * Roberts & Ingram, 1973
6.0 6.0 25 * Baird-Parker & Baillie, 1973

B 6.1 7.0 30 f Baird-Parker & Freame, 1967
9.4 7.0 40 f Ohye & Christian, 1967
4.58 6.0 30 f Baird-Parker & Freame, 1967
6.0 6.2 35 * Roberts & Ingram, 1973
6.0 6.0 25 * Baird-Parker & Baillie, 1973

C 2.0-2.5 7.2 30 f Segner, Schmidt & Boltz, 1971
E 4.5 7.0 30 f Segner, Schmidt & Boltz, 1966

4.58 7.0 30 f Baird-Parker & Freame, 1967
5.1 7.0 35 f Ohye & Christian, 1967
2.9 6.0 30 f Baird-Parker & Freame, 1967
4.0 6.0 35 * Roberts & Ingram, 1973
4.5 6.0 25 * Baird-Parker & Baillie, 1973

F 6.0 6.2 35 * Roberts & Ingram, 1973
4.5 6.0 25 * Baird-Parker & Baillie, 1973

* Vegetative cell inoculum
t Spore inoculum

Table 7. Sodium nitrite tolerance of C l. b o t u l i n u m .  Concentration (ppm) of sodium nitrite 
inhibiting growth of C l. b o t u l i n u m

Type
Unheated 
pH 6.0 pH 7.0

Heated 
pH 6.0 pH 7.0 Reference

A 240 20 t Roberts & Smart, 1974160 2560 5 40 * Perigo & Roberts, 1968300 * Roberts & Ingram, 1973B 160 1280 20 80 * Perigo & Roberts, 1968300 * Roberts & Ingram, 1973E 80 320 10 20 * Perigo & Roberts, 1968160 15 t Roberts & Smart, 197450 * Roberts & Ingram, 1973200 * Baird-Parker & Baillie, 1973F 120 2560 10 80 * Perigo & Roberts, 1968150 * Roberts & Ingram, 1975200 * Baird-Parker & Baillie, 1973G 100 * Baird-Parker & Baillie, 1973
* Vegetative cell inoculum 
t Spore inoculum
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Table 8. Radiation resistance of C l. b o t u l i n u m  spores in aqueous suspension or beef stew

Type D* exponential Dosef Reference
A 0.10-0.14 1.01-1.41 Roberts & Ingram, 1965

0.22-0.33 Anellis & Koch, 1962
0.25-0.31 X Schmidt, 1964;

$ Schmidt, Nank & Lechowich, 1962
B 0.13-0.33 Anellis & Koch, 1962

0.18-0.28 % Schmidt, Nank & Lechowich, 1962 
t  Schmidt, 1964

© 0 1 o 1.05-1.18 Roberts & Ingram, 1965
C 0.14 1.05 Roberts & Ingram, 1965

0.153-0.172 $ Schmidt, 1964
D 0.22 1.50 Roberts & Ingram, 1965E 0.13-0.14 X Schmidt, Nank & Lechowich, 1962 

X Schmidt, 1964
0.08-0.16 0.77-1.17 Roberts & Ingram, 1965F 0.25 1.96 Roberts & Ingram, 1965

* Mrad.
f Dose to give 106 inactivation 
t  In beef stew

10.0, within a temperature range of 5—25°C but the rate of inactivation in
creased rapidly between pH 10—11, and at pH 11.2 the inactivation time for 
type A toxin (7 x 107 mouse LD50/ml) at 15°C is 60 min (Spero, 1958). 
Woolford, Schantz & Woodburn (1978) found type A toxin to be more heat 
resistant at pH 4.1—4.7 than pH 6.1—6.8, while Scott & Stewart (1950) and 
Losikoff (1978) found the toxin of type A to be most resistant to heat in the 
pH range 5.0—5.5.

Thermal resistance. Thermal resistance of Cl. botulinum  types C and D 
toxin is higher than that of types A, B or E (Prévôt & Brygoo, 1953;Ohye & 
Scott, 1957; Abrahamsson, Gullmar & Molin, 1965; Cartwright & Lauffer, 
1958) (Table 10). A temperature of 90°C for 2 min must be reached to destroy

Table 9. Stability of C l. b o t u l i n u m  toxins diluted in water*

Toxin
Initial cone, 
mouse MLD/ml

Time
(days)

Reduction in 
toxicity (%) Reference

A 10 1-2 80 Brygoo, 1953
B 10 2-3 80 Brygoo, 1953
C 10 5-7 80 Brygoo, 1953

1 x 104 97 10 Graham e t  a l ,  1978
1 x 104 344 99 Graham e t  a l., 1978

D 10 2-4 80 Brygoo, 1953
E 10 3-4 80 Brygoo, 1953

*Tap water (pH not stated) stored at ‘room temperature’ was used by Brygoo, 1953. 
Lake water (pH not stated) in ‘natural surroundings’ was used by Graham e t  a l., 1978.
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type C or D toxin; 70°C for 2 min is sufficient to destroy types B and E toxin 
(Prévôt & Brygoo, 1953), and 99.9% toxicity of type A is lost after heating at 
60°C for 2 min.

The substrate in which toxin is heated has a marked effect on the inactivation 
rate. Type A toxin (initial titre 2500 MLD) produced in cooked meat medium 
(pH 5.0) was destroyed by heating for 16 min at 75°C, whereas type A toxin 
produced in canned asparagus, cabbage or turnips, (initial titre 620—1000 MLD) 
was still detectable after heating in the vegetable liquor (pH 4.8—4.95) for 
32 min at 75°C (Scott & Stewart, 1950). Ionized substances dissolved in the 
liquor of canned vegetables afforded the toxin increased protection against heat 
(Scott, 1950).

Type B toxin was less resistant to heat than type A (Scott & Stewart, 1950) 
2000 MLD type B toxin produced in cooked meat medium lost 99% toxicity 
after 32 min at 60°C, the same concentration of toxin produced and heated in 
cabbage liquor was destroyed after 8 min at 75°C.

Effect o f  chlorine: 5 ppm chlorine neutralized 10LD5O of type A toxin at 
22°C (Kalember-Radosavljevic & Ilic, 1971), and 35 ppm calcium hypochlorite 
neutralized 4 MLD of type C toxin. Calcium hypochlorite is less effective at 
alkaline pH, and at temperatures below 20°C (Kalember-Radosavljevié & 
me, 1970).

Conclusions
There is no evidence that Cl. botulinum  type C is more resistant to physical 
stress than the other types of Cl. botulinum, although type C toxin may be 
more resistant to dilution in water (Prévôt & Brygoo, 1953; Haagsma, 1973; 
Graham et a l, 1978), and more resistant than types A, B and E to heat 
(Prévôt & Brygoo, 1953). However heating for 2 min at 90°C was sufficient 
to destroy type C toxin from an initial concentration of 4 —10 x 104 MLD/ml 
(Prévôt & Brygoo, 1953).

Hence Cl. botulinum  type C appears to pose no additional problems to the 
food industry, and measures to inactivate or control the other types of Cl. 
botulinum  should also control type C.
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T h erm a l p r o c e ss  c a lc u la t io n s  u sin g  s te r iliz in g  ra tio s

R. J. STEELE and P. W. BOARD

Summa ry
Commonly used thermal process calculations are based on temperature differ
ences. An improved method of calculation based on sterilizing ratios is described. 
This method is independent of the temperature scales used, and reduces the 
number and size of associated tables. The integration limits were able to be 
selected so that computational errors are negligible.

Introduction
The commonly used method of process calculation described by Ball & Olson
(1957) and the revision of this method by Griffin, Herndon & Ball (1971) are 
based on temperature differences.

This paper describes an improved method of process calculation based on 
the concept of sterilizing ratios. This ratio is defined as the temperature differ
ence between the thermal centre of the can and the heating (or cooling) medium 
divided by the slope of the thermal death time curve for the micro-organism 
of concern. As this sterilizing ratio is a dimensionless number, the calculations 
described in this paper are independent of the temperature scales used.

The heating phase
Ball & Olson (1957) evaluated the lethality of the heating phase, Fh from:

where ju is the constant ln(10) = 2.3026, Tb is the base or reference tempera
ture, Ti is the temperature of the heating medium, T is the temperature at the 
thermal centre of the can, z is the slope of the thermal death time curve, t is 
the elapsed time of heating, and t e is the total time of heating.

Authors’ address: CSIRO Division of Food Research, North Ryde, Australia, 2113.
0022-1 163/79/0600-0227 ?02.00 © 1979 Blackwell Scientific Publications

(1)
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Fh = exp(p • Sb) f  g e x p (-p  • S )d t  (2)
Jt= 0

where
Sb = (Tt — 7b )/z 
and
S = (F, - T)/z.
The equation describing the straight line portion of logarithmic heating in 
terms of sterilizing ratios is:
t = / h • log (/h • S J S )  (3)
where / h is the slope of the straight line portion of the logarithmic heating 
curve,/h is the lag factor, and S0 is the sterilizing ratio at t = 0.

Differentiating eqn (3) with respect to S  gives:
dt = - [ f b/Qi ■ S)] -dS  (4)
Fh may be evaluated from eqn (5) which is obtained by first substituting 
eqn (4) into eqn (2):
Fh = /h • exp(p • Sb) • [F, (p • Sg) -  F, (p • So)] /p  (5)
where Sg is the sterilizing ratio at t = te , F, (x) is the exponential integral as 
defined by Gautschi & Cahill (1964).

Fj (p • F0) is in practice very small and may be ignored. Values of Ex (p • Fg)/p , 
denoted by F'h, for Sg ranging from 0.001 to 0.99 are presented in Table 1. 
For values of Sg not in Table 1 the following approximations, from Gautschi & 
Cahill (1964) may be used.

When x = p • Sg <  1.0

Fi (x) = X am ■ x m — ln(x) (6a)
m = 0

and when x > 1.0
F, (x) = exp(—x) • (x2 + a6 ■ x  + a-, ) /(x 3 + a8 ■ x 2 + a9 ■ x) (6b)
where a0 = 0.57721566, ax = 0.99999193, a2 = -0.24991055, a3 = 0.05519968, 
a4 = -0 .00976004, a5 = 0.00107857, a6 = 2.334733, a7 -  0.250621, as = 3.330657, 
a9 = 1.681534.

E q u a tio n  (1 ) m ay  be expressed in  te rm s o f  sterilizing ra tio  S :

The cooling phase
Griffin et al. (1971) revised the method that Ball & Olson (1957) used for the 
cooling phase calculations and made the calculations applicable to various
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Table 1. F values for values of S g from 0.001 to 0.990
Sg 0.0000 0.0001 0.0002 0.0003 0.0004 0.0005 0.0006 0.0007 0.0008 0.0009
0.001 2.3881 2.3468 2.3091 2.2745 2.2424 2.2125 2.1846 2.1584 2.1336 2.11020.002 2.0881 2.0670 2.0469 2.0277 2.0093 1.9917 1.9747 1.9584 1.9427 1.92760.003 1.9130 1.8988 1.8851 1.8719 1.8590 1.8465 1.8344 1.8226 1.8111 1.79990.004 1.7890 1.7784 1.7680 1.7579 1.7480 1.7384 1.7289 1.7197 1.7106 1.70180.005 1.6931 1.6846 1.6763 1.6681 1.6601 1.6522 1.6445 1.6369 1.6295 1.62210.006 1.6149 1.6079 1.6009 1.5940 1.5873 1.5807 1.5741 1.5677 1.5614 1.55510.007 1.5490 1.5429 1.5369 1.5310 1.5252 1.5195 1.5139 1.5083 1.5028 1.49730.008 1.4920 1.4867 1.4815 1.4763 1.4712 1.4661 1.4612 1.4562 1.4514 1.44660.009 1.4418 1.4371 1.4325 1.4279 1.4233 1.4188 1.4144 1.4100 1.4056 1.4013
Sg 0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009
0.010 1.3970 1.3566 1.3198 1.2861 1.2549 1.2259 1.1988 1.1735 1.1496 1.12710.020 1.1058 1.0856 1.0664 1.0481 1.0306 1.0138 0.9977 0.9823 0.9675 0.95320.030 0.9395 0.9262 0.9134 0.9010 0.8890 0.8773 0.8661 0.8551 0.8445 0.83420.040 0.8241 0.8144 0.8049 0.7956 0.7866 0.7778 0.7692 0.7608 0.7526 0.74460.050 0.7367 0.7291 0.7216 0.7143 0.7071 0.7000 0.6932 0.6864 0.6798 0.67330.060 0.6669 0.6607 0.6546 0.6485 0.6426 0.6368 0.6311 0.6255 0.6200 0.61460.070 0.6093 0.6040 0.5989 0.5938 0.5888 0.5839 0.5791 0.5743 0.5696 0.56500.080 0.5605 0.5560 0.5516 0.5472 0.5429 0.5387 0.5345 0.5304 0.5264 0.52240.090 0.5184 0.5145 0.5107 0.5069 0.5031 0.4994 0.4958 0.4922 0.4886 0.4851
*g 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
0.100 0.4816 0.4491 0.4201 0.3940 0.3705 0.3490 0.3294 0.3114 0.2948 0.27940.200 0.2652 0.2520 0.2397 0.2282 0.2174 0.2073 0.1979 0.1890 0.1806 0.17270.300 0.1652 0.1581 0.1515 0.1451 0.1391 0.1335 0.1281 0.1229 0.1180 0.11340.400 0.1090 0.1047 0.1007 0.0969 0.0932 0.0897 0.0864 0.0831 0.0801 0.07720.500 0.0743 0.0717 0.0691 0.0666 0.0642 0.0620 0.0598 0.0577 0.0557 0.05380.600 0.0519 0.0501 0.0484 0.0468 0.0452 0.0437 0.0422 0.0408 0.0394 0.03810.700 0.0368 0.0356 0.0345 0.0333 0.0322 0.0312 0.0302 0.0292 0.0283 0.02740.800 0.0265 0.0256 0.0248 0.0240 0.0233 0.0225 0.0218 0.0211 0.0205 0.01980.900 0.0192 0.0186 0.0180 0.0175 0.0170 0.0164 0.0159 0.0154 0.0150 0.0145

values of the lag factor jc whereas Ball & Olson had assumed that /c = 1.41 
for all cooling curves.

The following equations, based on the method outlined by Griffin et al. 
(1971) were used to evaluate the lethality of the cooling phase Fc in terms 
of sterilizing ratios:
Fc = /c . F ' . e x p ( M.5 cb) (7)
where f c is the slope of the straight line portion of the logarithmic cooling 
curve,
$ c b  ~  ( T co — T b ) / z
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Tco is the temperature at the thermal centre of the can at the beginning of 
the cooling phase,

where Sc = (Tc — Tw )/z, Sc0 = (Tc0 -  Tw )/z, Tc is the temperature at the thermal 
centre of the can during cooling, Tw is the temperature of the cooling medium, 
t'c is the elapsed time of cooling divided by f c, and t'B is the total time of cooling 
divided by f c .

Sc may be expressed in terms of jc, Sc0 and t'c by the following: 
when /c = 1,
Sc =Sc0 ■ exp(-/x  ■ t'c) (9a)
when ;'c <  1,
Sc =jc ■ s c0 • exp(-H  ■ fc) +(1 / c )  • Sc0 • exp [ — ju • t 'J (1 - / c)] (9b)
when /c >  1,
Sc = jc • Sc0 • exp(-ju  • fc) -  (/c -  1) ■ Sc0 ■ e xp [~ p  ■ t'c ■ jc/(jc -  1)] (9c)

Values of F'c were evaluated from eqn (8) using numerical integration 
techniques on a Cyber 76 computer. Computational efficiency requires that 
the interval be as large as possible whilst achieving the required accuracy. 
Pennington (1970) described a technique, Simpson’s rule with error control, 
for numerical integration in which the interval is selected according to the 
required accuracy; this technique was used in the calculations for the cooling 
phase with an error level of 0.00001.

Equation (8) only describes the cooling phase accurately for the small 
values of the upper integration limit t'e applying in practice. As f j approaches 
infinity F'c also approaches infinity. This is equivalent to saying that if a can 
is cooled for long enough, irrespective of the lethality of the heating phase, 
the contents will become sterile. Clearly this is unrealistic and consequently 
eqn (8) requires a finite integration limit. Griffin et al. chose the upper time 
limit to correspond to a temperature 50F degrees below the initial temperature 
and the upper time limit was found by a reiterative technique. A similar tech
nique was used in this work except that the upper limit was chosen to corre
spond to (sc0 — 5). Equation (8) was used to derive:

The upper limit then corresponds to  the slope of the F{. vs. f  ̂ curve of 1 X 10“s. 
Since dF'c/dtc decreases with increasing t'c, an increase in t'c by one unit in
creases F'c by less than 1 X 10”5 units.

An important aspect of eqn (10) is that the slope, and hence the inherent 
error, depends upon 2 which is incorporated into Sc and ^co • In the calcu-

(8)

dF'cldt'c = exp [/x • (Sc - Sc0)]
= 1 X 10-5 when Sc = Sc0 - 5 (10)
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Table 2. F'c values for values of S c0 from 6 to 19 and of /c from 0.5 to 2.0
Ic Sco ~ 6 s cO ~  7 Sco -  8 ScO 9 Sco _ 10 Sc0 = 11 Sc0 = 12
0.50 0.02299 0.01941 0.01680 0.01481 0.01325 0.01198 0.01094
0.60 0.02175 0.01833 0.01585 0.01396 0.01248 0.01128 0.01029
0.70 0.02082 0.01749 0.01509 0.01328 0.01185 0.01070 0.00976
0.80 0.02037 0.01702 0.01462 0.01282 0.01141 0.01029 0.00937
0.90 0.02132 0.01758 0.01494 0.01299 0.01149 0.01029 0.00933
1.00 0.03414 0.02888 0.02502 0.02208 0.01976 0.01788 0.01633
1.10 0.06183 0.05542 0.05056 0.04673 0.04361 0.04101 0.03881
1.20 0.07745 0.06996 0.06421 0.05963 0.05587 0.05272 0.05002
1.30 0.08851 0.08018 0.07376 0.06862 0.06439 0.06083 0.05778
1.40 0.09699 0.08800 0.08105 0.07547 0.07087 0.06700 0.06367
1.50 0.10380 0.09427 0.08688 0.08095 0.07605 0.07192 0.06837
1.60 0.10942 0.09944 0.09169 0.08546 0.08031 0.07597 0.07224
1.70 0.11417 0.10379 0.09574 0.08926 0.08390 0.07937 0.07549
1.80 0.11824 0.10753 0.09921 0.09251 0.08697 0.08229 0.07827
1.90 0.12178 0.11077 0.10221 0.09533 0.08963 0.08481 0.08068
2.00 0.12488 0.11361 0.10485 0.09780 0.09196 0.08703 0.08279
Jc Sco = '3 Sc0 = 14 sc0 = 15 Sco = 16 Sc0 = 17 Sc o = 18 S c o  = 19
0.50 0.01006 0.00931 0.00867 0.00811 0.00762 0.00718 0.00679
0.60 0.00947 0.00876 0.00815 0.00763 0.00716 0.00675 0.00639
0.70 0.00897 0.00830 0.00772 0.00722 0.00678 0.00638 0.00604
0.80 0.00860 0.00794 0.00738 0.00689 0.00647 0.00609 0.00576
0.90 0.00852 0.00785 0.00727 0.00677 0.00634 0.00596 0.00562
1.00 0.01503 0.01392 0.01296 0.01213 0.01139 0.01074 0.01016
1.10 0.03691 0.03525 0.03379 0.03249 0.03132 0.03026 0.02930
1.20 0.04769 0.04564 0.04383 0.04221 0.04075 0.03943 0.03822
1.30 0.05514 0.05281 0.05075 0.04890 0.04724 0.04573 0.04435
1.40 0.06079 0.05825 0.05599 0.05397 0.05215 0.05050 0.04899
1.50 0.06529 0.06258 0.06017 0.05801 0.05606 0.05430 0.05268
1.60 0.06900 0.06614 0.06360 0.06133 0.05928 0.05741 0.05571
1.70 0.07211 0.06913 0.06649 0.06412 0.06198 0.06003 0.05825
1.80 0.07477 0.07169 0.06895 0.06650 0.06428 0.06227 0.06043
1.90 0.07708 0.07391 0.07109 0.06856 0.06628 0.06421 0.06231
2.00 0.07910 0.07585 0.07296 0.07037 0.06803 0.06591 0.06396

lations described by Ball & Olson (1957) and Griffin et al. (1971), z was not 
taken into account in determining integration limits.

Ball & Olson (1957) chose a limit of 80F degrees below the initial tempera
ture for the cooling curve. This represents a lethal rate (if Tb = Ts) of about
4.6 X10-13 for z = 6 which is very small and may be neglected. For z -  26 
the lethal rate is about 8.4 X10“4 which although small is nevertheless large 
enough to affect the tabulated values and should not be neglected. Similarly 
Griffin et al. (1971) chose the final integration limit to correspond to a lethal 
rate of 4.6 Xl0~9 for z = 6 but for z = 26 the corresponding lethal rate is
1.2 X 10“2 which would also affect tabulated values and should not be neglected.
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The tabulated values therefore become less accurate as z becomes large. Thermal 
process calculation based on sterilizing ratios automatically take into account 
the value of z, and avoids these computational errors. Errors arising from the 
measurement of the required parameters ar.d errors arising from the failure of 
the equations to fit the temperature history of some cans during the cooling 
phase may be orders of magnitude greater than the computational errors. 
F'c values fo r/c from 0.5 to 2.0 and from 6 to 19 are presented in Table 2.

Calculating the lethality F  of a thermal process
Data required are:
(1) The processing time, B.
(2) The lag factors for heating,/h and cooling,/c .
(3) Slopes of the straight line portion of the logarithmic heating,/h and cooling, 

f c curves.
(4) The initial temperature at the thermal centre of the can, T0 .
(5) The temperature of the heating medium, Tx.
(6) The reference or base temperature, Tb.
(7) The temperature of the cooling medium, Tw .
(8) The slope of the thermal death time curve, z.
When data for the cooling curve are not available we recommend that the 
contribution of the cooling curve be neglected so that F is  underestimated and 
the safety margin of the process is increased.
Procedure
(A) Calculate Ss , the sterilizing ratio at the end of the heating from:
Sg =ih ■ So - exp(-M  • B /fh)
where
So =(T, - T0)/z
(B) Use Table 1 or eqns (6a) and (6b) to find the corresponding 
n  = e 1(h - SgW
(C) Calculate Fh , the lethality of the heating phase from:
F'h = /h K  • exp(n ■ Sb )
where
sb = or, -  Tb)/z
(D) When cooling phase data are available and when cooling is started immedi
ately heating is finished calculate Sco from:



where
Sw =<Xi - T „ ) l z
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(E) Use Table 2 to find F'c corresponding to jc and Sc0. When a high degree of 
accuracy is not required the following approximations are suitable for program
mable calculators. The errors in the estimates of F'c using these approximations 
are less than 2% for/c > 1 and less than 4% for jc < 0.8. When /c < 1.0,

• /cm -  In (jc)

when 7C > 1 .0 ,
1 / 3 \ 5 / 3 \UJII I  bn .n ’ }’") 3 + M | Z  bm, n • ‘S’cÔ • x mm = 0 OIIcp»'' m = 2 OIIG

where
x = ln0'c)//c ,
and
y  ~ 1/^co
The coefficients for these approximations are presented in Tables 3 and 4.
(F) Calculate Fc from:
Fc = fc - Fc ■ exp (ju • Scb) 
where
‘Zb = (̂ cO “  T b  )  / z  = >Sb — iSg
(G) Add the value of Fc to Fh to calculate the lethality of the whole process.

Table 3. Values of am n for approximations to the cooling phase 
lethality for j c less than one.*
m oIIG n = 1 n = 2 n = 3
0 32.901 -17.524 0.98817 -0.018275
1 -265.1 1 126.58 -7.1944 0.13347
2 763.49 -368.01 21.016 -0.39124
3 -1074.64 528.56 -30.342 0.56698
4 471.50 -375.00 21.652 -0.40623
5 -201.26 105.37 -6.1266 0.11549

*A fifth order least squares regression analysis of ln(F^ -/c) against 
j c yielded seventy-eight coefficients for the thirteen values of S c 0 . 
These coefficients were regressed against S c0 using a third order least 
squares analysis to yield the twenty-four coefficients above.
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Table 4. Values of ¿>m n for approximations to the cooling phase lethality for jc greater than 
or equal to one.*
m n = 0 n = 1 n = 2 n = 3
0 3.0072 x 10-4 0.18637 0.077141 0.139351 0.21906 3.19845 -18.597 40.5092 -0.86696 -0.22413 0.012891 -2.4561 x 10"*3 4.4589 1.01155 -0.053642 9.6439 x 10^4 -15.1299 -1.91128 0.09480 -1.5849 x 10-35 22.481 0.89434 -0.03811 4.6892 x 10"4

*A fifth order least squares regression analysis of F'c against In (/c)//c yielded seventy- 
eight coefficients for the thirteen values of S c 0 . The coefficients for m = 0 and m = 1 were 
regressed against 1/Sc0, the coefficients for m = 2 to m = 5 were regressed against S c 0 , using 
third order least squares analysis to yield the twenty-four coefficients above.

Calculating the time of a thermal process
Data required are the same as for the lethality calculations except that the 
processing time is not known and the required lethality is known.

Procedure where the cooling phase data are not available:
(1 A) Calculate Fh from:
K = F J [ f h -expOx-Sb)]
(IB) Use Table 1 to find Sg. When a high degree of accuracy is not required
the following approximations are suitable for programmable calculators. The 
errors in the estimates of Sg using these approximations are less than 0.3% 
for Fh greater than 0.5. When 0.5 < < 2.4

Sg = exp /  £  -  bm ■ y  m'j
where 
y -  In (Fh)
and h0 = 3.655, ¿, = 2.444, b2 = 1.044, ¿ 3 = 0.3916, ¿ 4 = 0.1 142, and b5 = 
0.02058. The coefficients were evaluated using a fifth order least squares 
regression analysis of In (Sg) against In (F^). When F^ > 2 .4
Fg = ( l//z) - exp (-0 .577216  p ■ F t; )
(IC) Calculate the processing time from:
S  = (fh/d) ■ In (p • /h -So/Sg)
Procedure when cooling phase data are available:
(2A)Take an initial guess of the cooling phase lethality (Fc =0.1 • F  is a 
satisfactory starting point).
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(2B) Calculate Fh and use steps (1A) and (1C) to calculate the process time. 
(2C) Calculate Fc from steps (D) to (F).
(2D) Use this estimate of Fc and repeat (2B) to (2D) until the estimates of the 
process time agree to the required accuracy (0.1 min is satisfactory).

Conclusions
Thermal process calculations based on sterilizing ratios offer four main advan
tages over the presently used methods. Firstly, the method may be used for any 
temperature scale as long as the same scale is used in determining the sterilizing 
ratios. Secondly, the number of associated tables is less than in other methods 
as z is incorporated in the sterilizing ratio and consequently the calculations 
are more generally applicable as the tables may be used for any value of z. In 
addition, the tables are more easily reduced to simple approximations for 
programmable calculators as one variable has been eliminated and finally 
the selection of integration limits is such that errors in the tabulated values are 
negligible.
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H is to lo g ic a l m e a su r e m e n ts  o f  ic e  in  fr o z e n  b e e f

A. BEVILACQUA, N. E. ZARITZKY and A. CALVELO

Summary
A histological study of pieces of meat frozen under controlled conditions 
which simulate the operation of industrial freezers, showed differences in 
the ice morphology according to the registered thermal histories.

The diameter of the intracellular dendrites and extracellular ice crystals 
has been expressed mathematically in terms of a characteristic freezing time, 
while the percentage of the tissue water that was frozen and the variation of 
the ice-fibre interfacial area have been measured from the micrographs of 
transverse sections of frozen beef.

Introduction
The different quality obtained in frozen foods according to whether the 
freezing is rapid or slow, has been the subject of many studies (Fennema, 
Powrie & Marth, 1973; Fennema, 1966; Meryman, 1966; Penny, 1974).

These studies generally consider the different sizes of the crystals formed 
as one of the factors responsible for this changes in the quality obtained.

Histological studies of animal tissues frozen under different conditions have 
been performed by several authors (Partmann, 1973; Partmann & Schlaszus,
1973).

These histological examinations have generally been made on small samples, 
frozen under controlled conditions in the laboratory and have shown a rela
tively uniform ice morphology.

On the other hand, in the freezing of big pieces of meat, and therefore with 
important temperature gradients, zones of different ice morphology exist, 
(Tchigeov & Tsuranov, 1973; Menegalli & Cálvelo, 1978).

In the present investigation pieces of meat with sizes similar to those used in 
industrial plate freezers have been examined histologically along the heat flux 
direction.

Authors’ address: Centro de Investigación y Desarrollo en Criotecnología de Alimentos 
(CIDCA), Facultad de Ciencias Exactas, 47 y 115 (1900) La Plata, Pcia. de Buenos Aires, 
ARGENTINA.
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The experimental work was carried out with the following objectives:
(a) To verify the appearance of the morphological zones of the ice in a piece 

of meat frozen under industrial conditions.
(b) To determine the percentage of frozen water in samples that have suffered 

different thermal histories but that reached the same final temperature.
(c) To establish a limit in the value of the characteristic time over which no 

more intracellular ice is produced.
(d) To provide an experimental correlation between the average diameter of 

the intracellular and extracellular ice crystals in terms of the characteristic 
parameters of the freezing velocity.

(e) To use these studies in the interpretation of the causes that originate the 
damage in a frozen tissue.

Materials and methods
Freezing Method

In each experiment samples of post rigor beef (Musculus Semitendinosus), 
were frozen in an acrylic cylindrical cell, 2.4 mm wall thickness, 5 cm in dia
meter and 10 cm in length.

This was insulated with 5 cm of expanded polystyrene on all sides, except 
on one of its bases that rested on a metallic heat exchanger through which 
alcohol from a cryostat, Lauda UK 50 DW, was circulated. In this way, condi
tions close to a one direction heat flow were obtained, similar to what happens 
when an industrial plate freezer is used.

Different surface heat transfer resistances were achieved by placing acrylic 
slabs of different thickness b and known thermal conductivity k3, between the 
heat exchanger and the piece of meat to be frozen.

The approximate surface heat transfer coefficient was calculated from the 
equation h = k3lb.

The thermal history of the different points of the piece of meat was regis
tered by means of thermocouples disposed along it.

Two moving freezing boundaries of constant temperature were defined, one 
at —1°C (start of freezing in the meat) and another at -7 °C  (temperature at 
which 80% of the total water had frozen).

Curves were plotted for the position of each of the boundaries versus time 
(Fig. 1) and for the temperature as a function of the position from the border x. 

Three parameters, characteristic of the freezing velocity, were defined:
R (x ): Advance velocity in mm/min of the boundary at —1°C, which was 

obtained from the slope of the — 1°C curve (Fig. 1). 
tc(x): Characteristic freezing time (min) defined as the time necessary for a 

point to pass from — 1°C to —7°C (Fig. 1).
G(x): The temperature gradient (°C/mm) evaluated at —1°C, which was 

obtained from the curve of temperature as a function of position.
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F igure 1. E xperim en ta l d e te rm in a tio n  o f th e  ch aracte ris tic  freezing tim e. F reez
ing co n d itio n s  7) = 15.3°C , T f  = -2 5 .6 ° C ,  L  = 6 .6 cm , B i = 2 3 .9 .

The piece of frozen meat was kept at the final freezing temperature for 12 hr 
to ensure that thermal equilibrium had been established. Subsequently, the 
piece was cut in slices of approximately 5 mm thickness from which small 
samples were cut for histological examination.

H is to lo g ic a l  m e t h o d
For the microscopic analysis of the frozen tissue, an indirect technique was 

used based on the observations of the holes left by the ice in the tissue. The 
technique used was a modification of the classical freeze-substitution method 
(Cerrella & Zaritzky, 1975) in which the samples were fixed at the final 
freezing temperature with Carnoy fluid which has a low freezing point and 
diffuses rapidly through the tissue.

Sections of the samples were stained with hematoxylin-eosin for histological 
examination and in each experiment a sample of unfrozen meat was processed 
at the same time, to act as a control (Fig. 2a).
F r o z e n  w a te r  f r a c t io n

The micrographs were also utilized to measure the proportion of water 
converted to ice for samples subjected to different thermal histories and the 
same final temperature.
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This method was applied by Love (1966) in fish and consists in evaluating 
the areas occupied by fibre and ice, respectively.

From this information the ratio A T = area of ice/total area, was obtained 
and used to calculate the fraction of frozen water (co) that was:
co = A t  Ph/7oPc (1)
where:
ph is the density of ice (0.916 g/cm3).
7o is the water content of the meat (mass of water/mass of meat) and for 

which an average value of 0.73 was adopted. 
pc is the density of the partially frozen meat and was calculated as:
Pc = Po/1 + COPoYoU/Ph -  1/Pa) (2)
where:
po is the density of the unfrozen meat (1.053 g/cm3) and pa is the density of 

water (1 g/cm3).
Equally the proportion of water converted to intracellular ice is given by 

coi =Ph^i/7oPc (3)
where /Ij = (area of intracellular ice)/(total area).

C r y s ta l  s i z e  d e t e r m in a t io n
In order to measure the size of the crystalline ice formation in the tissue, the 

holes left by the ice were redrawn on the micrographs and the diameters of 
each one was measured along its minimum axis.

In this way the error that could arise from histological cuts not perpendi
cular to the direction of crystalline growth, was avoided.

For t c < 23 min the crystalline size was obtained from the intracellular ice 
while for t c > 23 min measurements were taken on extracellular ice crystals.

I c e - f ib r e  in  t e r  f a c ia l  a rea
The reabsorption process, which will take place during thawing, will be 

affected by the ice-fibre interfacial area.
Measurements of the ice-fibre interfacial area per unit ice volume A v ( 1 /pm) 

were made on projected images of the micrographs quantifying the ice-fibre 
perimeter per unit tissue surface. This information was transformed toMv using 
the values of frozen water fraction co previously obtained.

Results

H is to lo g ic a l  z o n e s
The histological analysis of successive transverse sections of meat frozen in a 

direction parallel to the fibres reveals the following structures of ice formed in
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the tissue:
(a) Intracellular ice. This was observed at short characteristic freezing times 

(high freezing rates), while for long values of this parameter no evidence of 
intracellular ice was detected.

At a characteristic freezing time of tc = 0.5 min the ice crystals formed in
side and outside the cells were uniformly distributed and had small diameters 
(Fig. 2b).

As we move toward the thermal centre of the piece of meat the character
istic freezing times increase, leading to fewer crystals per fibre but of bigger 
size (Fig. 2c).

For characteristic freezing times between 15 and 23 min the meat tissues 
presented an image where practically only one intracellular crystal occupied 
each fibre, and it was difficult to distinguish between intracellular and extra
cellular ice (Fig. 2d).

Beyond this zone, there was no ice in the intracellular space.
Pictures a and b of Fig. 3 were obtained from sections separated by 60 pm in 

the direction of the thermal gradient. As can be observed, a correspondence 
exists between the holes, showing that the ice crystals adopted the shape of 
approximately cylindrical needles in the intracellular zone.

(b) Extracellular ice. For values of tc > 23 min the presence of ice was only 
registered in the extracellular spaces.

The extracellular ice grows at the expense of the water from the inside of the 
cell because the interfibre fluid has become concentrated through freezing. 
Therefore the fibres suffer a dehydration process, become distorted and 
contract adopting irregular shapes (Fig. 3c, tc -  67 min).

The size of the ice crystals were even larger when moving toward the thermal 
centre.

At a characteristic freezing time of 380 min the fibres were grouped together 
and surrounded by columns of ice (Fig. 3d).

The morphological zones of ice described in this section, show a good 
coincidence with those reported by other authors (Tingakov, Pimenskaya & 
Kostenko, 1972).

Frozen water fraction
The fraction of water frozen at — 14°C was found to be 0.72 and was inde

pendent of the freezing rate (Fig. 4).
These data contrast which those of Riedel (1957), who using a calorimetric 

technique, found that at — 14°C, the fraction of water frozen was higher (oo = 
0.84).

In the same figure, experimental data for the fraction of water that was 
frozen as intracellular ice, have also been included. As can be seen, the intra
cellular ice extends up the values of tc 23 min.

The low value of go (0.72) obtained in the present work at — 14°C could be 
attributed to the freeze substitution histological method employed.
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Figure 4. H isto log ical m easu rem en t o f th e  f ra c tio n  o f w ater th a t is fro zen  in p ost 
rigor beef m uscle at — 14°C ( • ) .  F rac tio n  o f w ater fro zen  in tracellu larly  (o). 
( ------), Average values; ( ---------), R iedel’s (1 9 5 7 ) ca lo rim etric  data.

Even though Love (1966) applying a histological method, indicated that the 
relative amounts of water converted to ice in cod tissues cannot be comparable 
with data obtained by calorimetry, if equation 1 was applied to his%T (area of 
ice/total area) results, the agreement in this case, is quite good.

A v e r a g e  d ia m e t e r  o f  in tr a c e llu la r  a n d  e x t r a c e l lu la r  ic e  c r y s ta l s
The average diameter D  of the ice crystals in samples frozen over a range of 

conditions given in Table 1 was related to the characteristic freezing time t c by 
the equation:
D  -  a + b In t c (4)
where t c was expressed in minutes and a, b are constants determined from the 
regression of the experimental data (Fig. 5) as a = 15.45 ± 1.9 pm and b = 
4.38 ± 0.52 (with 95% confidence).

The correlation coefficient of the regression was r  = 0.96.

Discussion and conclusions
In order to interpret the results obtained, it must be taken into account that 

meat is a multicomponent system that in a simplified way can be considered to 
be formed by insoluble components, soluble compounds, free water and bound 
water. The freezing of meat can then be considered in a similar way to what
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Table 1. Average d iam eter o f ice crystals in  sam ples fro zen  
u n d er d iffe ren t freezing co nd itions

Freezing
co n d itio ns x j L (m in)

D
(/am )

Ti = 17°C 0 .04 35.0 31 .4T f  = —20°C  
L  = 6.5 cm 0.19 67.0 32.3B t = 23.5 

Ty = 15.3°C 0.11 12.0 29.3
T f  = - 2 5 .6 ° C 0.16 18.0 29.3
L  = 6 .6  cm 0.27 50.0 34.8
By = 23.9 0.35 90.0 37.2

Ty = 18.7°C 0.02 3.0 18.2T f  = —21 .5°C  
L  = 7 .4  cm 0.15 36.0 29.1

1 j -  15. / ^
7> = - 2 1 .5 ° C 0.005 0.5 10.4
L  = 7 .85 cm 
By > 100 0.17 22.0 33 .4

Ty = 7°C 0 .016 22.0 28.3
T f  = —21.6°C 0.06 38.0 32.0
L  = 6 cm 0.2 4 116.0 33.0
By = 21.7 0.38 380 .0 43 .0
Ty = 7°C 0.05 9.0 24.1T f  = —24.1 C 0 .20 27.5 28.4i  = 3.6 cm 

= 13.05 0 .44 44.2 30.3
0.03 5.0 25.9Tj = 1 1.5°C 0.15 14.0 28.9Tf = - 2 1 ° C 0.27 32.0 31 .4L = 6 cm 0.46 97.0 35.2Bi > 100 0.66 260 .0 38.9

Ty = 12°C 0.09 6.2 22.8Tf = - 2 5 .7  C 0 .26 22.5 28.1B = 6 .2  cm
Bj > 100 0.53 133.7 35.6

Ty = In itia l tem p era tu re  o f th e  p iece o f m eat.
T f  = T em pera tu re  o f  th e  refrigeran t m edium .
L  = T o ta l leng th  o f th e  piece.
x  = P osition  o f each histo log ically  analysed  sam ple m easured 
fro m  th e  refrigera ted  border.
Bj = B iot d im ensionless nu m b er defined  as By = h L / k c w here 
h is th e  h ea t tran sfe r co effic ien t in  each  ex p erim en t an d  fcc 
is th e  th e rm al co n d u c tiv ity  o f un fro zen  m eat (k c -
0 .50  W /m  °C ).
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Figure 5. Average diameters of intracellular and extracellular ice crystals as a 
function of the characteristic freezing time, o, Intracellular ice; ©, Intracellular 
ice + extracellular ice ;« , Extracellular ice.

happens in freezing a multicomponent system. However, in the freezing of 
meat tissues the problem is complicated because the solutions are contained 
inside and outside the fibres. As a consequence, the ice crystals can be intra
cellular or extracellular giving rise to different configurations of the tissue.

When the multicomponent solution comes into contact with the refrigerating 
medium, a substantial supercooling is reached which generates a number of 
nuclei proportional to it. In the interphase of the crystals formed, the equili
brium temperature is soon reached due to the release of latent heat of crystal
lization. As crystal growth elevates the temperature, no further nucléation is 
allowed. The appearance of intracellular ice depends on the magnitude of the 
supercooling allowed by the refrigerated border.

It is generally accepted that the intracellular supercooling reached is always 
lower than in the interfibre space (Meryman, 1966). This effect, either due to a 
greater solute concentration in the intracellular fluid, or to the existence of a 
temperature difference between the interior and the exterior of the fibres, leads 
to the fact that the beginning of the nucléation is always produced in the extra
cellular space. However, if more heat is extracted from the system than that 
originated by the formation of extracellular nuclei, the temperature falls till the 
supercooling necessary for nucléation inside the cells is reached. According to 
these concepts, the appearance of intracellular ice should be expected at low
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Figure 6. Temperature profile during constitutional supercooling.

low values of the characteristic freezing time as was histologically verified in 
the present investigation.

During ice crystal growth, the separation of practically pure solid increases 
the concentration of solutes in front of the interphase. This modifies the 
molten equilibrium temperature profile, which adopts the shape shown in Fig. 
6 and leads to a supercooling in the interphase (constitutional supercooling).

This supercooling produces an irregular interphase (dendrites or columns) 
where crystalline protuberances grow from the interphase toward the liquid.

Studies performed in metallurgy for solidification of multicomponent 
systems (alloys), (Chalmers, 1967; Chadwick, 1972) confirm that nucleation 
takes place at the refrigerated border from which the sample is cooled.

The formed ice crystals grow toward the thermal centre of the system as 
protuberances accompanied by lateral diffusion of solutes; therefore the pro
tuberances do not tend to expand on their sides and this can lead to a columnar 
structure.

These crystal columns grow in the direction of the heat flow and away from 
the refrigerated border. Only those crystals that have their fastest growth 
direction nearly parallel to the direction of heat flow will subsist. As a conse
quence, as they grow in length they increase their cross sectional area.

The existence of cylindrical ice crystals growing toward the centre of the 
piece of meat explains the needles which were detected histologically in the 
intracellular space (Pictures a and b of Fig. 3).

On the other hand, the growing of the average crystal diameter with the 
characteristic freezing time, already described, can be interpreted in terms 
of the above analysis.

Tiller & Rutter, (1956) found, for metallurgical systems, that the average 
diameter of the crystal columns correlated with 1/kG as a straight line, where 
R is the advance velocity of the solid-melt interphase (mm/min) and G is the 
temperature gradient (°C/mm) at this interphase.

The measured average diameters of the extracellular ice followed a straight 
line when plotted against \/RG. For ice crystals in meat, a temperature of
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Figure 7. Average diam eter of extracellular ice crystals as a function of l /RG  
where R  = advance velocity of the solid-molten interphase at — 1°C (m m /m in), 
G = tem perature gradient at this interphase (°C/m m ).

— 1°C was assumed in the solid-melt interphase. The correlation coefficient of 
the regression is 0.97 (Fig. 7).

Freezing injury
The damage caused by the freezing of a tissue can be quantified by measur

ing the volume of drip produced during thawing.
Anon & Calvelo, (1977) froze pieces of meat in a similar way to that used in 

the present work and found that the volume of drip was maximum at tc = 
18 min. A similar behaviour was reported by other authors (Love, 1955; 
Crigler & Dawson, 1968). At this value of the characteristic freezing time (tc = 
18 min), only one intracellular ice column would have existed in each fibre, and 
crystals of similar size would have occupied the extracellular space.

A first attempt to explain the different exudate productions during thawing 
might be based on the hypothesis that water reabsorption depends upon the 
ice fibre interfacial area. Other factors being equal, high values of this variable 
should generate, according to the described mechanism, low values of exudate.

Measurements of the ice fibre interfacial area per unit ice volume (A v) 
expressed in 1/pm, were performed for different tc (Fig. 8). The highest values 
of interfacial area were registered in the zone of intracellular ice. When tc 
increased A v decreased, because the number of intracellular columns dimi
nished. The interfacial area adopted its lowest value when the ice was formed 
only in the extracellular space. This continuous diminishing of the interfacial
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Figure 8. Relationship between the ice-fibre interfacial area per unit volume of
ice and the characteristic freezing tim e of post rigor beef muscle ( ----- ). Weight
o f exudate A as a function of the characteristic freezing time ( ------- ), where

A = weight of exudate weight of exudate
weight of meat frozen

meat
weight of meat unfrozen

meat

area would have to generate, according to the proposed hypothesis, the highest 
values of exudate in the zone corresponding to extracellular ice.

If the amount of exudate on thawing is determined by the different inter
facial areas originated in different ice morphologies then, the production of 
exudate must also depend on at least one other factor which produces high 
exudate in the intracellular zone.

One possible factor is the mechanical damage produced when the ice den
drites have diameters similar to those of the fibres. Therefore, for short values 
of tc, intracellular and extracellular dendrites are produced in great number and 
small diameter, the fibres are not distorted very much and in the thawing the 
water is easily reabsorbed by the fibres giving low exudate volumes. For values 
of tc around 23 min only one intracellular column is formed giving rise to 
mechanical damage which generates a greater production of exudate. In the 
zone where only extracellular ice is produced the above described type of 
damage would disappear. Consequently the exudate volume diminish although 
not below the values registered at very short values of tc . In this zone the 
decreasing in the interfacial area effect remains producing a slight increment 
in the volume of exudate, as can be observed in Fig. 8.

A 
io:
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From the above analysis it can be concluded that:
(1) The existence of intracellular columns of ice has been verified histologic

ally in frozen beef muscle.
(2) A zone of formation of intracellular ice has been established in terms of 

the characteristic parameters of the thermal history. Thus, for freezing with a 
heat flow parallel to the fibres, the intracellular ice will be formed for values 
of tc up to 23 min. Consequently, for meat pieces frozen under industrial 
conditions, the region of intracellular ice will extend deeper as the freezing 
rate increases.

(3) The diameter D of intracellular and of extracellular ice crystals was 
highly correlated with the characteristic freezing time tc by the equation 
D -  a + b In tc.

(4) For tc > 23 min (extracellular ice) the diameters of ice crystals showed a 
good correlation with \ / R G  where R  is the advance velocity of the solid melt 
interphase at — 1°C (mm/min) and G  is the temperature gradient (°C/mm) at 
this interphase.

(5) The frozen water fraction was found to be independent of the freezing 
rate. The low value of co obtained in this work could be attributed to the freeze 
substitution method employed.

In spite of this, in general, the histological method should give comparable 
results with those obtained by calorimetry if the relation:
<f> = A t Ph/PoTo
was applied to obtain the amount of water converted to ice.

(6) The variation of the exudate volume with the characteristic time tc , 
registered experimentally in other studies, cannot be solely explained on the 
basis of the different interfacial areas originated by the ice morphology.
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Studies on an alleged toxic hazard o f heat-bleached palm oil

J. B. DAVIS, JANET M. ROBINSON, NANDIKA K. SILVA a n d  
A. BARRANCO

Summary
It has recently been suggested that the high-temperature heat-bleaching pro
cedure sometimes used to decolorize palm oil for use in margarine and similar 
products could lead to the oil becoming contaminated with (unspecified) toxic 
substances, these being derived by thermal degradation of the orange-red 
carotenoids originally present. Several of the non-glyceride constituents of such 
an oil have been identified (as squalene, hentriacontane, and various known 
sterols and triterpenes: all common food constituents) while degradation pro
ducts of the type said to be present have been sought without success. In 
addition, the degree to which one of the known carotenoid thermal-degra
dation products is removed from the oil during the usual refining procedure has 
been measured and the oil’s toxicology has been briefly examined. Neither the 
results obtained here, nor the allied data reported by others and noted herein, 
appear to provide any evidence in support of the above suggestion.

Introduction
Palm oil production has been increasing steadily over recent years and is 
currently in excess of 3 million t per annum (Anon, 1977), much of which is 
eventually incorporated in edible products such as margarine, cooking fat, 
shortenings and frying oils. For these end-uses the oil has to be bleached to 
remove the 0.05—0.1% carotenoids normally present. This is usually accom
plished either by the thermal destruction of these compounds at ca. 240° in 
vacuo (Jasperson & Pritchard, 1965; Pritchard, 1975), which converts them 
into a mixture of essentially colourless products, or alternatively by a combi
nation of (less vigorous) heat and absorbent-earth treatment. Precisely what 
happens to each of these compounds (mainly (3- and a-carotenes with some 
j -  and f-carotenes, lycopene, and hydroxylated carotenes: Argoud, 1958; 
Loncin, Jacobsberg & Evrard, 1971) when pyrolysed in palm oil has never 
been firmly established.

A uthors’ address: Tropical Products Institute, 5 6 /6 2  Gray’s Inn Road, London
WC1X 8LU.
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However, model experiments in which j3-carc*tene alone, either as a solid 
or in an inert solvent, was pyrolysed in vacuo showed that many compounds 
are formed under such conditions. These range from volatile substances such as 
toluene and m-xylene through 2,6-dimethylnaphthalene and ionene (1,1,6- 
trimethyl-l,2,3,4,-tetrahydronaphthalene), all of which apparently arise from 
intramolecular cyclization reactions with concomitant cleavage of the polyene 
chain, to a mixture of non-volatile, and as yet unidentified, compounds (Becker 
et al, 1966; Davis, 1968). A recent study which more accurately simulated the 
bleaching process by pyrolysing j3-carotene dissolved in bleached palm oil 
showed that basically similar degradation products are produced in that 
medium (Hinnekens et al., 1976). The proportion of volatile to non-vela tile 
products formed in these experiments varied from 70% volatiles to less than 
20%, depending on reaction conditions (Edmunds & Johnstone, 1965; Becker 
et al., 1966).

During the commercial processing of palm oil, the volatile carotenoid- 
degradation products formed during heat-bleaching would be expected to 
evaporate from the oil at the subsequent ‘deodorization’ step; but Loncin 
(1975a, b) has pointed out that the less volatile degradation products may 
remain in the oil and so be incorporated in the eventual foodstuff. Further, he 
claimed that these substances could be toxicologically suspect and suggested 
that they are polycyclic compounds having around forty carbon atoms (as for 
(3-carotene) but with only two or three double bonds per molecule. However 
no experimental evidence was cited in support of such structures, which 
apparently were inferred from Becker et alls (1966) brief study of the non
volatile fractions obtained from a vacuum pyrolysis of j3-carotene, nor were 
any actual toxicological tests reported.

Although the above model experiments yielded interesting results, they do 
not fully equate the effect of heat-bleaching palm oil itself, with its complex 
mixture of carotenoids. In the present paper a typical batch of heat-bleached 
palm oil has been studied and attempts have been made to detect any compounds 
of the type Loncin claimed to be present. Since he implied that these compounds 
are hydrocarbons, this has been assumed to be the case and the hydrocarbon 
(petrol-soluble) fraction from a batch of saponified commercial heat-bleached 
palm oil was isolated; and its chemistry and, in a preliminary manner, its toxi
cology studied. Although Loncin did not specifically mention carcinogenic 
polycyclic aromatic hydrocarbons (mainly C20-22 and far more unsaturated 
than the structural types he suggested) as possible constituents of the carotene- 
pyrolysis mixture, this possibility has been borne in mind since others may read 
this interpretation into his comments (cf. Rost, 1976).

Materials and methods
Solvents

Throughout ‘hexane’ means BDH ‘Hexane fraction b.pt. 67—70°’ and ‘30/40 
petrol’ Hopkin and Williams GPR A-grade petroleum ether of b.pt. 30 -40°.



H e a t - b l e a c h e d  p a l m  o i l 2 5 5
Both were distilled from potassium hydroxide pellets through a 60 cm Vigreux 
column, rejecting a small forerun and residue.

Preparation o f  the test material
250 g of a commercial heat-bleached deodorized palm oil was saponified cold 

(to minimize rearrangement of labile constituents) by dissolving in a mixture of
2.2 litres analytical-grade 96% ethyl alcohol and 500 ml hexane, adding a 
freshly made solution of 250 g potassium hydroxide in 420 ml water, and 
leaving at room temperature for 24 hr. One volume of water was added with 
swirling and the solution subjected to rapid continuous liquid liquid extraction 
with 30/40 petrol (ca700m l) for 72 hr, the extracting solvent being changed at 
the 24-hr point to minimize heating of the extracted material. The combined 
extracts were filtered, to remove insolubles washed over during the extraction, 
washed with water, dried with sodium sulphate, filtered and evaporated under 
reduced pressure. Several such experiments were carried out and yielded, on 
average, 450 mg (0.18%) of clear brownish oil. These oils were bulked and 
subjected to the tests below.

Results
Spectral tests on the crude test material
Infra-red (in carbon tetrachloride): showed CH2/CH3 bands at the usual posi
tions and a (carbonyl) band at 1720 cm"1 which was unaffected by sodium 
borohydride treatment. No band attributable to triglyceride ester functions was 
detected (at 1740/1750 cm"1 ).

Nuclear magnetic resonance (in deuteriochloroform at 60 MHz using Me4Si 
as reference): showed it to be a mixture of components containing the follow
ing groupings:

M e— (CH,)n— ; — C H — 's; ; \ : = C ^  ; = C ^  ; CHz— C = C  and/or
X H Afe X H

CH2— CO —  ; — O H  (3 : 16 : 2 : 1: 5 : 7 : ca. 2).

Ultraviolet [visible region (in ethanol): steadily increasing absorption from 
4 50 nm into the ultraviolet with no hint of distinct peaks at the positions 
expected for the major carcinogenic polycyclic aromatic hydrocarbons (3,4- 
benzpyrene and 1,2:5,6-dibenzanthracene have Amax 385, 405 and 385, 
395 nm respectively: Friedel & Orchin, 1951). On spiking a 250g sample of 
bleached oil with 1.0 mg (equivalent to 4p.p.m .) anthracene, processing as 
above, and measuring the u.v. spectrum of the resulting extract, peaks corres
ponding to anthracene’s 376, 357, 254 nm bands superimposed on the absorp
tion noted above were seen, with an intensity corresponding to a 65% recovery.
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Thin layer chromatography of the test material on silica gel using ether- 
hexane (40 : 60v/v) as solvent and iodine vapour as detector gave nine main 
spots, from R F 0.65 toR p  0.1, with the following apparent (visual) intensities: 
A(5%), B(70%), C(tr.), D(tr.), E(5%), F(5%), G(1 %), H(3%), 1(10%) -  of which 
‘A’ and ‘I’ had similar R h values to a paraffinic hydrocarbon and a typical 
monohydroxy steroid respectively. The major spot, ‘B’, was isolated by 
chromatographing a sample of the mixture on an equivalent column chromato
gram (silica gel with hexane, hexane-ether, ethyl acetate as solvent: eluate 
monitored by t.l.c.) and was shown by g.l.c., as below, to be identical with 
g.l.c. component ‘d ’; i.e. squalene. An attempt to separate the other constitu
ents similarly was only partially successful due to overlapping of zones.

Gas—liquid chromatography of the mixture using a Pye 104 instrument with 
flame ionization detector, 1 .5m X 4m m  i.d. glass-coil column packed with 3% 
SE30 on Chromosorb W silanized with hexamethyldisilazane in situ, and 
40m l/m inN 2 as carrier, gave:

(i) A t 225° : three close peaks (‘a’, ‘b ’, ‘c’) with retention times 4.1, 5.1. and
5.8 min followed by a large peak (‘d’) at 47 min.

(ii) A t 295°: peaks ‘a’- ‘c’ partially resolved at ca. 1.5 min followed by ‘d ’ 
at 5.3 min and then a series of smaller peaks (‘e’ to ‘k ’) at 6.6, 8.6, 9.7, 11.7, 
12.3, 13.6, and 16.3 min respectively.

The peak areas, as measured by an electronic integrator, were as follows:
Peak: a b c d e f g h i j  k
%: 3 15 3 50 1 1 1. 5 5 2 17 1. 5

(iii) A t 315° (using a 3% OV1 on Universal B column in place of the SE30): 
peak ‘d ’ appeared after 1.3 min followed by peaks ‘e’ to ‘k’ at 1.5 to 3.3 min. 
No further peaks appeared up to a retention time of 30 min, even using condi
tions which would have clearly revealed a peak corresponding to 0.1% of the 
total. For comparison, the paraffinic hydrocarbon C40H82 appeared at 5.5 min 
under these conditions.

Peaks ‘a’ to ‘k ’ were then subjected to g.l.c. -  mass spectrometry using (for 
peaks ‘a’—‘f’) a Perkin-Elmer Hitachi RMU-6 mass spectrometer and, for the 
less volatile constituents (‘g’- ‘k ’: data provided by PCMU, Harwell), an AEI 
MS50 after first silanizing the sample to convert any OH groups present to 
the corresponding trimethylsilyl (t.m.s.) ether derivatives.

Compound ‘a’: M+ at 196 with significant fragment ions at m/e 178 (43%), 
152, 149, 123, 95, 71 ,69, 57 (100%), 43.

Compound ‘b’: M+ at 272; fragments at m/e 203, 189, 135, 119, 93, 81, 69
(100%).

Compound V : M+ at 272; fragments at m/e 187, 161, 147, 135, 119, 93, 69 
(100%), 41.

Compound ‘d’: M+ at 410; fragments at m/e 341 (M-69), 205, 203, 149, 137, 
123, 109, 95, 81, 69 (100%), 55, 41. Comparison with authentic squalene on 
g.l.c. as above showed identical retention times and no separation on mixing.

S e p a r a t i o n  o f  t h e  t e s t  m a t e r i a l  i n t o  i t s  c o n s t i t u e n t s ,  a n d  t h e i r  c h a r a c t e r i z a t i o n
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Compound ‘e’: peak ‘e’ on the g.l.c. trace had an attached shoulder and the 
mass spectrum taken at the centre of the peak showed molecular ions at 440 
and 430 (and smaller at 426) with fragments at m/e 422, 408 and 322; 100% 
peak at 69 with further low-mass peaks at 41, 55 and 81 -  as for squalene, 
above.

Compound T : M+ 436, corresponding to for example C3i H64 or C3oH60O. 
Comparison of the retention time of this compound with those of the n-alkanes 
C28Hs8 and C32H66 strongly suggested the C31H64 (hentriacontane) formulation 
and g.l.c. comparison with an authentic sample confirmed this.

Compound ‘g’: M+ at 467.4644 with other peaks at m/e 458, 443, 368, 353, 
329, 69 (100%: and other squalene-like peaks at 41 etc.).

Compound ‘h ’: M+ at 472.4092 with fragments at 457, 382, 367, 343 and 
129(100%).

Compound ‘i’: g.l.c. peak ‘i’ occurred on the tail of ‘h ’ and its mass spectrum 
was therefore superimposed on that of ‘h’ (peaks at 472, etc.). However it 
could be inferred that ‘i’ has M+ at 484.4096 with fragments occurring at 
469, 400, 394, 255 and 129 (100%).

Compound ‘j ’: M+ at 486.4253 with fragments at 471,396, 381,357 (100%) 
and 129.

Compound ‘k ’: M+ at 495 with fragments corresponding to ‘j ’ due to over
lapping of g.l.c. peaks, and at 440, 425 and 393 due to ‘k’ itself.

Toxicological tests
The crude test material gave an LD50 value, as determined on mice by the 

intraperitoneal route, of >  500mg/kg. 1.2 g of the same material was then 
incorporated at a concentration of 0.05% in a standard feed (‘4 IB’) which was 
pelleted with acacia solution and air-dried at 50°. A short-duration feeding trial 
with this material using rats showed negligible acute toxicity. In addition, an 
Ames (bacterial-mutant) test for mutagenicity (McCann et al., 1975) was 
carried out using a Salmonella sp. and proved negative (test kindly carried out 
by Dr S. Vennitt of Pollards Wood Research Station, Chalfont St. Giles).

The fate o f  one o f  the known carotene-degradation products during processing
A sample of ionene ( l,l,6-trimethyl-l,2,3,4-tetrahydronaphthalene) was pre

pared from /3-ionone by iodine-catalysed dehydration/cyclization as described 
by Bogert & Fourman (1933); b.p. 238—240°. Examination on g.l.c. (Pye 105 
with f.i.d., 1.5 m X 4 mm i.d. glass-coil column, 5% Apiezon L on Universal B, 
40ml/min N2 as carrier; 180°) showed one main peak, ret. time 5.7 min. 
Structure checked by n.m.r.: r  8.74 (6H: Q -Me’s), ca. 8.3 (4H m: C2—/C3 H’s), 
7.74 (3H: Ar-M e), ca. 7.3 (2Hm : C4- H ’s) and a 3H pattern at 3.17 (lH d , 
J = 1), 3.09 (1H double d, J ’s 1 and 7.5) and 2.80 (1H d, J = 7.5) (benzenoid -  
H’s disposed 1,2,4).
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To 20g of commercial heat-bleached deodorized palm oil was added 0.04 g 
(0.2% w/w) of ionene and the mixture was subjected to high-temperature, 
in vacuo deodorization using conditions as close as possible to those used 
commercially (typically 240°/5 mm with steam stripping for ca. 1 hr: Pritchard,
1975) except that the steam was replaced by a rapid stream of dry nitrogen. The 
rate at which the ionene was removed from the oil under these conditions was 
monitored by cooling the reaction flask to 50°, shutting off the vacuum and 
allowing it to fill with nitrogen, removing a sample of the oil, weighing, adding 
a weighed amount of (i-ionone as internal standard and subjecting the mixture 
to g.l.c. using the conditions above. The ionene appeared at 5.7 min and the 
/1-ionone at 6.6 min, and from the areas of the two peaks the amount of 
ionene in the sample, and hence in the flask, was calculated. This showed that 
after 10 min treatment as above, the amount of ionene remaining in the palm 
oil had fallen to 4.5% and to <0.5% (two runs) of the amount present initially. 
In addition, the colourless liquid which collected in the outlet tube leading 
from the reaction flask was removed and subjected to g.l.c. This gave one main 
peak with a retention time identical with that of ionene run under the same 
conditions.

Duplicate tests on an oil o f  different origin
The above experiments were all based on a single batch of one company’s 

palm oil. For comparison, a second company’s heat-bleached/deodorized palm 
oil was therefore saponified etc. as before and the clear brown oil resulting 
subjected to t.l.c. and g.l.c. examination as before with the following results:

(a) t.l.c.: same series of nine spots seen, the only differences being that spots 
‘C’ to ‘I’ appeared rather fainter as compared with ‘B’; and ‘G’ was virtually 
absent.

(b) g.l.c.: a similar series of peaks was seen but with somewhat different 
intensities and with two small additional peaks (c' and c") immediately follow
ing peak ‘c’; the squalene peak (‘d ’) was rather bigger relative to the other peaks 
as compared with the previous oil, in agreement with the t.l.c. result.

Peak: a b c c’ c" d e f  g h  i j k
%: 18 4 1 68 1 tr . 1.5 0.5 tr . 3 2

Discussion
Chemical nature o f  the petrol-soluble unsaponifiable fraction o f  heat-bleached 
palm oil

Firstly, some idea of the general nature of this material’s constituents was 
obtained spectrally. Thus, i.r. and n.m.r. spectroscopy indicated that it con
sisted mainly of compounds containing saturated -C H 2— groups, of the kind
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present in paraffinic hydrocarbons or in alicyclic ring systems, and/or iso- 
prenoid (—CH2—C(Me)=CH—CH2—) units. (The cause of the 1720 cm“1 i.r. 
band remains unknown). The u.v. spectrum was uninformative; but in conjunc
tion with an anthracene marker it was used to check that had a ‘polycyclic 
hydrocarbon’ (cf. Loncin’s claim) actually been present in the oil, it would 
have been satisfactorily carried through the saponification-petrol extraction 
procedure used.

An attempt was then made to identify some of the major constituents and 
also to see if any compounds in Loncin’s category of ‘a polycyclic hydrocarbon 
with 2—3 double bonds and around 40 carbon atoms’ could be detected. Thus 
thin layer chromatography gave nine spots ranging in polarity from ‘A’ with an 
R F corresponding to a saturated hydrocarbon to ‘I’ with an R F of a mono
hydroxy-steroid, the most intense of which (‘B’) being isolated on an equi
valent column chromatogram which showed it to be the substance responsible 
for g.l.c. peak ‘d ’ (i.e. squalene). G.l.c. examination gave a series of peaks which 
were then subjected to g.l.c.—m.s., with the following results.

The first three compounds seen on the g.l.c. trace were all comparatively 
volatile and so were only studied briefly. Compound ‘a’ gave a molecular ion at 
196, corresponding to C15H16 or C13H240 , with a strong M-18 (H20 ) peak; 
thereby implying the latter formulation with the oxygen present as, probably, 
a secondary -OH (significant M+ ion but no m/e31). Compounds ‘b ’ and ‘c’ 
both gave molecular ions at 272 corresponding to C20H32 as for the many 
known natural diterpene hydrocarbons but lacking the usual M-15 peak of the 
polycyclic members (Anon, 1974) and having instead squalene-like ions at 41 
etc. (see below) indicative of Me2C=CH CH2~CH2—C-.

Compound ‘d’, the major g.l.c. constituent, had a mass spectral mol. wt and 
fragmentation pattern suggesting squalene (I, C30H5o). Thus the intense peaks 
at 69 and 137, and weaker at 205, are characteristic of the cleavage of the 
doubly allylic CH2—CH2 bonds in such a molecule (Hemming, 1967; Weeks 
etal., 1969):
Me2C=CH.CH2—CH2.CMe=CH.CH2—CH2.CMe=CH.CH2—.. .->

Me2C=CH.CH2 (m/e 69) etc.
In addition, it seems likely (Hemming, 1967) that the peaks seen at 41, 55 

and 81 are also due to the Me2C=:CH.CH2.CH2- moiety, while we suspect the 
analogous x + 68 group of peaks seen at 109, 123 and 149 can similarly be 
ascribed to fragmentation of the Me2C=CH.CH2.CH2.CMe=CH.CH2.CH2— 
unit. Although comparison with published spectra (Tornabene et al., 1969; 
Anon, 1974) did show slight discrepancies, these seemed likely to be due to 
instrumental differences or to squalene’s inherent instability (Stedman, Swain

Me Me Me

I Me Me Me
11
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& Rusaniwskyj, 1960); and ‘d’ was finally confirmed as squalene by comparing 
it on g.l.c. with authentic material. Compound ‘e’ was apparently a mixture of 
three compounds with molecular weights 440, 430 and 426. Several known 
triterpenes have molecular weights in this region (McCrindle & Overton, 1969); 
and the 440 and 426 peaks were tentatively ascribed to, respectively, 
24-methylenecycloartanol (C31H520 ;  440) and to butyrospermol and/or cyclo- 
artenol (both C30H5oO; 426) since these compounds have all previously been 
identified in crude palm oil (Fedeli et al., 1966; Karleskind, 1967, 1968, 1969). 
The 422 and 408 peaks also seen would then be due to the corresponding 
M—H20  fragments from these constituents. In addition, the latter compounds 
both contain a CH2.CH2.CH=CMe2 side chain so explaining in part the strong 
m/e 69 etc. peaks also seen (the balance probably being due to contamination 
by the previous peak). The constituent with M+ 430 remains unidentified but 
could be the tetrahydroderivative of butyrospermol. Compound T  was shown 
to be hentriacontane (C31H64) from its mass spectral molecular weight and by 
g.l.c. comparison with authentic material.

The mass spectra of compounds ‘g’ to ‘k ’ were measured after conversion 
into the corresponding trimethylsilyl (t.m.s.) ethers and therefore included 
M-90, M-129 and m/e 129 peaks due to the loss of Me3SiOH, loss of 
Me3SiO+= CH.CH=CH2, and to the latter ion itself. The M+ values and the 
common occurrence of x 15 peaks in the spectra suggested that these com
pounds were steroids; and the intensity of the M-129 and m/e 129 peaks sug
gested in turn these were of the 3-hydroxy-A5 type (Budzikiewicz, 1972). 
Thus compound ‘g’ appeared to be a mixture of (i) an unknown with apparent 
M+ of 467*; and (ii) a component having m/e 458 with associated M-15, M-90, 
M-90-15 and M-129 peaks at 443, 368, 353 and 329; and which was identified 
as the t.m.s. ether of cholesterol (or an isomer). Compound ‘h ’ had accurate M+ 
corresponding to C31H56OSi, equivalent to a parent sterol with formula C28H430 , 
and fragments at M-15, M-90, M-90-15, M-129 and m/e 129 in agreement 
with the data expected, and reported (Anon, 1974), for campesterol (C28H480 ) 
t.m.s. ether. Compound ‘i’ was similarly identified as stigmasterol (C29H480 ) 
t.m.s. ether and compound ‘j ’ as /3-sitosterol (C29H50O) t.m.s. ether. The observed 
g.l.c. elution sequence was as reported by others for these sterols on an SE30 
column (Fedeli et al., 1966; Karleskind, 1967, 1968, 1969). Compound ‘k’, a 
minor component of the mixture, gave an apparent M+ value of 495*.

Summarizing, the g.l.c. volatile constituents consisted of:
A Ci3 alcohol (‘a’; 3%), two C20 hydrocarbons (‘b’ and ‘c’; total 18%), 

squalene (‘d’; 50%), 24-methylenecycloartanol, butyrospermol and/or cyclo- 
artenol (triterpenes) (‘e’; trace of each), hentriacontane ( ‘f ’; 1%), an unidentifi- 
fied sterol and possibly cholesterol (‘g’; tr. of each), campesterol (‘h ’; 5%), 
stigmasterol (T ; 2%), /3-sitosterol ( ‘j ’; 17%), and an unidentified compound 
( V ;  1.5%).

*The tendency o f certain t.m .s. ethers to lose a m ethyl group from  the Me3SiO entity
(B eynon , 1960) suggests that these com ponents may have mol. wts o f 482  and 510
respectively.
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The unsaponifiable fraction derived from the second company’s heat- 
bleached palm oil gave a generally similar g.l.c. pattern but had a larger peak ‘d’ 
(68%; presumed to be squalene) but significantly smaller peaks ‘h ’ (0.5%) and 
‘j ’ (3%); and showed two additional, but small, peaks just after ‘c’ which were 
not identified. Although in either case there may have been further constitu
ents before the C13 alcohol ‘lost’ in the solvent peak, there appeared to be none 
following the highest boiling constituent (‘k’); in particular no peak following 
‘k ’ which could have corresponded to Loncin’s C40 hydrocarbon with two- 
three double bonds and a molecular weight, by implication, of around 536. 
This point was checked by repeating the g.l.c. examination on an OV1 column 
at a sufficiently high temperature to elute all the above-mentioned components 
within only about 3 min and then searching the trace from then onwards for 
higher boiling constituents using the paraffinic hydrocarbon C40H82 as marker 
(in the absence of any precise idea as to the nature of Loncin’s C40 compound). 
Even with a high load and high sensitivity, conditions which would have 
revealed peaks with an area of 0.1% of the total, no peak was seen in the 
vicinity of the C40 marker. This is equivalent to there being less than 2 p.p.m. 
of such a constituent in bleached palm oil itself.

Finally, although any constituents with molecular weight >ca. 700 could 
well have been missed by the g.l.c. investigations, the generally good correla
tion between the g.l.c. data on the one hand and the t.l.c. (and n.m.r.) data on 
the other suggests that most of the compounds present were in fact detected.

Toxicological aspects
The results obtained, considered in conjunction with allied work by others, 

provide no evidence of either acute or chronic toxicity. Thus our check for the 
presence of traces of the carcinogenic polycyclic aromatic hydrocarbons reached 
the stage of showing (by u.v. spectroscopy) the equivalent of less than 1 p.p.m. 
present in the bleached oil when a detailed survey by Rost (1976) was 
published which showed there to be less than 1 p.p.b. (109) of either 3,4- 
benzpyrene or 1,2:5,6-dibenzanthracene present in palm oil both before and 
after heat-bleaching. Similarly the negative response obtained from the Ames 
test, carried out on an isolate (the crude test material) which would have 
concentrated any hydrocarbon carcinogens 500-fold as compared with the oil 
itself, showed that the sample had no mutagenic tendencies in this test system; 
and hence, by implication (McCann et al., 1975), was almost certainly not 
carcinogenic. In addition the brief tests (on the same isolate) for acute toxicity 
in mice and in rats were negative, and thereby substantiate the model experi
ments which others have conducted on the material obtained on subjecting 
/3-carotene, the major palm oil carotenoid destroyed by heat-bleaching, to 
vacuum pyrolysis. For example, Lang et al. (1966) added large amounts (100 
times more than would be produced from the carotene naturally present) of 
such a pyrolysate to a sample of bleached palm oil and fed it to rats over 2—3 
years but neither acute nor carcinogenic effects were detected. Falk showed
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that the non-volatile fraction of such a pyrolysate, prepared at 300° (Edmunds 
& Johnstone, 1965), was not carcinogenic on subcutaneous injection in mice. 
Jones & Sharpe (1948) subjected a similar pyrolysate (24 hr at 260°) to column 
chromatography in a search for polycyclic aromatic hydrocarbons of the above 
type but concluded that the pyrolysate contained less than 0.1% of any one of 
them (equivalent to <0.5 p.p.m. in bleached palm oil).

Fate o f  one o f  the carotene thermal-degradation products
The approach here was to ascertain to what extent the carotene-derived com

pounds introduced during the heat-bleaching step are removed during deodori- 
zation of the oil, the least volatile of the known degradation products, ionene, 
being used as the test substance. This was prepared from |3-ionene and added to 
a batch of bleached palm oil which was then subjected to conditions simulating 
the deodorization procedure used commercially, the ionene concentration in 
the oil being monitored by gas chromatography using an internal standard. This 
showed that even using deodorization conditions rather less vigorous than those 
used commercially (a stream of nitrogen was used instead of steam), the 
ionene was removed from the oil very rapidly, virtually none of it remaining 
10 min after treatment.

Conclusions
It is difficult to see any need for immediate concern over the compounds here 
identified (list, p. 8) in the petrol-soluble unsaponifiable fraction from two 
typical batches of heat-bleached palm oil. The major constituent found, squa- 
lene, occurs widely in nature, in common foodstuffs (including various vege
table oils) (Fedeli & Jacini, 1971; Gutfinger & Letan, 1974), and in parts of 
the human body (Goodman, 1964; Nicolaides, Fu & Rice, 1968). Of the others, 
hentriacontane is a common constituent of natural waxes (such as those in 
cabbage and spinach leaves: Deuel, 1951, 1957; Eglinton et al., 1962) and the 
sterols and triterpenes identified are all common natural products. All these 
compounds have previously been identified in crude (unbleached) palm oil 
(Becker et al., 1966; Fedeli et al., 1966; Karleskind, 1967, 1968, 1969). In 
addition, no C40 polycyclic hydrocarbons of the kind Loncin suggested may be 
present were detected despite a search down to a level equivalent to 2 p.p.m. in 
the oil itself; and we have found no evidence of either carcinogenicity or overt 
toxicity. Finally it was shown that the carotenoid degradation products of b.pt. 
up to and including the ionene, which in the non-oxidizing conditions pre
vailing in a modern heat-bleaching plant should account for at least 70% of the 
small quantity (0.05% or so by weight) of such materials produced during 
bleaching, would be removed from the oil by subsequent processing. Taken in 
conjunction with the results reported by others and cited herein, there appears
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to be no evidence of any particular toxic hazard associated with the consump
tion of heat-bleached palm oil. However until the experimental (chemical and/ 
or toxicological) evidence on which the original claim was based is published in 
detail, it will not be possible to know what particular substance(s) or finding 
caused concern, to judge the likely practical effect, or to work towards elimi
nating it.
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Study of the water extractable components of the red seaweed 
E u c h e u m a  s p i n o s u m

H. K. TONG, K. H. LEE a n d  H. A. WONG

Summary
A study of the components of the red seaweed Eucheuma spinosum, found 
growing abundantly in Singapore waters, was made with a view to improving 
its commercial value. Carbohydrates was found to be the chief component, 
accounting for over 70% of the dry weight. Proteins accounted for between 
5—10% of the dry weight.

The nature of the carbohydrates present was determined and found to 
consist mainly of polysaccharide/s extractable with water under the mildest 
of conditions. Centrifuging a 1% homogenate of the dried Eucheuma plant and 
freeze drying the supernatant resulted in the isolation of over 80% of the 
polysaccharide present. By sun bleaching the plants before extraction, the red 
pigments present in the red alga was not extracted with the polysaccharide/s, 
resulting in a white fluffy product. The sugar units of the polysaccharide/s were 
galactose and 3,6-anhydrogalactose in the proportion of 3 :2.

Introduction
Eucheuma spinosum is a red seaweed found growing abundantly in Singapore 
territorial waters. It is the major component of a variety of Eucheuma species 
which are exported under the trade name ‘Singapore Weed’. The Eucheuma 
seaweeds serve as raw materials from which polysaccharides with gel forming 
properties of the carrageenan type are extracted for use as stabilizers or the 
formation o f emulsions in food industries. The gel forming properties of 
the polysaccharides obtained are unfortunately rather weak, consequently, 
the commercial value of these seaweeds are relatively poor. Singapore being 
located in an area where labour is comparatively cheaper than in the countries 
to which the seaweeds are exported, it was felt that the economic value of the 
seaweed could perhaps be increased, if instead of exporting the seaweed plants 
the polysaccharide/s could be extracted and exported. An attempt was there
fore made to develop a simple procedure of extracting the polysaccharide for

A u th o rs ’ address: Prof. H. A. W ong, D ep artm en t o f  B iochem istry , U niversity  o f  S ingapore, 
College R oad , S ingapore 3, R epu b lic  o f  Singapore.
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export. The present paper describes the method and the carbohydrate content 
of the polysaccharide/s extracted from the seaweed under mild conditions. 
Some of the chemical composition of the polysaccharide/s is also described.

Materials and methods
Chemicals

General chemicals were obtained either from BDH (England) or E. Merck 
(Germany). Biochemicals were obtained mainly from Sigma Chemicals (U.S.A.). 
Whenever possible, chemicals of the highest purity available commercially 
were used.

Source o f  seaweed
The Eucheuma spinosum plants were gathered from the shores of Singapore, 

washed in running water, then dried and bleached in the sun. For most purposes, 
appropriate amounts of the seaweed were cut into smaller pieces and dried in 
an oven at 60 °C to  constant weight before use.

Preparation o f  extract
Depending on the temperature at which the polysaccharide/s was extracted, 

care was taken to maintain that temperature throughout the procedures (e.g. 
when cold water extracts of the seaweed were made at 4 °C, the procedure 
was carried out in a cold room). The dried seaweed was soaked in cold distilled 
water (1 litre/4 g seaweed) for 30 min before homogenizing in a Warring 
blender for 10 min. The homogenate was centrifuged at 26 000 g- at 4 °C for 
30 min. The residue was then re-extracted by homogenizing with further 
amounts of cold distilled water, and the supernatant obtained combined with 
the first extract or stored separately at 4 °C depending on the nature of the 
experiments. This process was repeated until the carbohydrate content of the 
supernatant obtained, showed only a very faint reaction with the anthrone 
reagent. The extracts obtained were immediately freeze dried or dialysed before 
being freeze dried. The residue after the final extraction at 4°C  was usually 
stored frozen overnight for further extractions with hot water. It was found 
that freezing at this stage did not appear to affect the properties of the hot 
water extractable polysaccharides.

Hot water extracts at 100 °C were made by gently boiling the homogenate 
with water for 20 min with continuous stirring with a magnetic stirrer on a 
hot plate. Centrifugation was then carried out at 26 000 g at 10 °C for 30 min. 
Extraction with boiling water on the residue was repeated until the super
natant showed it contained little extractable carbohydrate on reaction with
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the anthrone reagent. The extracts, either kept separately or pooled, were 
stored at 4°C  and freeze dried subsequently. Storage was never more than
3 - 4  hr.

Analytical methods
(1) Elemental analysis, (a) Carbon and hydrogen contents were determined 

by Pregl’s method (Grant, 1951) using 5 mg samples, (b) Nitrogen was deter
mined by the micro-Dumas gasometric and or the micro-Kjeldahl method, (c) 
Sulphur was determined as ionic sulphate from the ash obtained in the carbon 
determination. The ash was dissolved in 10 ml distilled water and the pH of 
the solution adjusted to 2.5 to 4.0 and ethanol added to a concentration of 
80% ethanol. The ionic sulphate was then determined by titration against 
barium perchlorate (Fritz & Yamamura, 1955) using Wagner’s thorin indicator 
(1957). The addition of 2 drops of 0.125% methylene blue solution enhanced 
the end point of titration.

(2) Analysis and estimation o f  carbohydrates, (a) Paper chromatography was 
done according to the method of Partridge (1949). 10 mg sample was hydro
lysed with 1 ml m H2S 04 in 5 ml test-tubes, stoppered with marbles in a boiling 
water bath for 2 hr. After neutralization of the acid with solid barium car
bonate and centrifugation at 2000 £ for 10 min, 20 pi of the clear super
natant was spotted on Whatman No. 1 chromatographic paper. Sugar standards 
using 10 pi of a 50% alcoholic solution of concentration 10 mg per ml were 
also spotted and chromatographed together with the samples, (b) Thin layer 
chromatography. Microcrystalline cellulose thin layer plates of thickness 
0.25 mm were prepared and air dried overnight. 2—5 pi of the polysaccharide 
hydrolysate and monosaccharide standards prepared for paper chromatography 
were used. The chromatograms were run in n-butanol: acetic acid .-water 
(50 : 17 : 25) for 7 hr. After having been dried in the oven at 100°C for 10 min, 
they were sprayed with aniline-diphenylamine reagent (Buchan & Savage,
1952) and further dried in the oven for 10 min. (c) Total carbohydrate and 
galactose were estimated by the Anthrone reaction (Tong, Lee & Wong, 1973). 
Glucose was estimated by the glucose oxidase method of Huggett & Nixon 
(1957) after the polysaccharide/s samples were first hydrolysed with 2 n HC1 
in a boiling water bath for 3 hr and the hydrolysate neutralized with 1 n  NaOH. 
Pentoses were estimated by the phloroglucinol method of Euler & Hahn (1946) 
as modified by Dische & Borenfreund (1957); 3,6-anhydrogalactose by the 
modified resorcinol method of Yaphe (1960); and protein by the Lowry’s 
procedure (1951).

Experimental results
Fresh Eucheuma spinosum plants were found to have an average moisture 
content of 92.4%. Drying at 60 °C was found to be as effective as drying at
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100 °C and was preferred if charring was to be avoided. The seaweed, how
ever, is usually sun dried and bleached at the site of collection. This process 
was found to remove most of the moisture and probably prevented deterior
ation of the seaweed during harvesting and storage. The sun dried material was 
found to contain between 14.1% and 16.1% of moisture when it was further 
dried in the oven.

Eucheuma spinosum contains only a small amount of proteins as shown by 
the results of Table 1. A higher value was obtained by the Lowry method than 
from the estimation of nitrogen. With this method the homogenate had a 
higher value than the centrifugate. This could have been due to the presence 
of insoluble proteins in the homogenate. The dialysed centrifugate was found 
to contain a higher percentage of proteins as measured by Lowry’s method. 
The exact cause for this was not known. The enhanced value could probably 
be due to the release of non-nitrogenous groups which could react positively 
with the reagent.

Carbohydrates appeared to be the main constituent of Eucheuma spinosum 
and amounted to 64—78% of its weight (with a mean of 68.7%) when expressed 
in terms of galactose (Table 1). A large percentage of the carbohydrates was 
water soluble since the centrifugate of the 0.1% homogenate contained about 
80% of the total carbohydrates. A preliminary experiment showed that galac
tose was probably the main carbohydrate constituent (Fig. 1). This was con
firmed by paper and thin layer chromatography of the acid hydrolysate of the 
polysaccharide/s (see below).

Table 2 shows the results of a typical experiment for the extraction of 
water soluble material from the seaweed. At 4°C , one single extraction was 
sufficient to remove 90% of the water soluble fraction. Comparable results 
were obtained for extractions made at 28 °C (ambient temperature) and at 
40 °C (results not shown). Fractions obtained at these temperatures appeared 
to have the same chemical composition as those extracted at 4 °C (Table 3).

Table 4 shows the loss of about 3—4% of the total weight of the extract 
on dialysis. Mono- and oligosaccharides accounted for very little of this and it 
was rather impossible to identify them. Enzymic methods for the estimation 
of glucose and galactose showed that there was hardly any of these present 
in the free state. The phloroglucinol method for the estimation of free pentoses 
also showed the absence of these sugars. An attempt was made to concentrate 
all the dialysates from a typical experiment for analysis. The concentrate was 
found to contain only negligible amounts of carbohydrates.

Acid hydrolysate of the crude polysaccharide preparation extracted from 
the seaweed with cold water showed that it contained mainly galactose with 
a small amount of xylose, detectable only on TLC plates. Similarly, small 
amounts of glucose were found as an additional component of the poly
saccharide/s subsequently extracted at 100 °C after exhaustive extraction 
with cold water. Table 5 shows the xylose and glucose contents of the crude 
polysaccharide preparations from various water extracts. The amounts of 
both glucose and xylose were negligible. The amount of pentoses present
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F ig u r e  1. T he an th ro n e-ca rb o h y d ra te  reac tion  ra te  curves for xylose, glucose, 
galactose and crude E u c h e u m a  po ly saccharide/s . 2 ml o f 0.01%  ca rb o hy d ra te  
was reac ted  w i th 4 ml 0.2%  an th ro n e-su lp h u ric  acid reagent. • ,  xylose; o , glucose; 
A, galactose; □ , E u c h e u m a  po lysaccharide/s.

in the extracts before and after dialysis was determined in order to confirm 
that there was little or no free pentoses present. There was no difference in 
the amount of pentoses in the seaweed homogenate before centrifugation 
and that of the polysaccharide/s in the centrifugate. The amount of glucose 
in the subsequent hot water extract and the residue though small, was, how
ever greater than that in the initial extracts. It would appear therefore that 
the glucose present in the seaweed is largely in a less soluble bound form 
either as glucans or mixed type of polysaccharide. It could also be an indi
cation that Floridean starch consisting of glucose units is present in Eucheuma 
spinosum. This form of starch is known to be present in red seaweeds of the 
Rhodophyta family of which Eucheuma is a member.

3,6-anhydrogalactose has been shown to be present in polysaccharide/s 
from Eucheuma (Black et a i, 1965) and known to be of the iota carrageenan 
type (Anderson et a l, 1973). As it is also believed to be responsible for the 
gelling properties of seaweed extracts (Tsuchiya & Hong, 1965) its content 
in the polysaccharide extract was determined. A comparison of the value
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Table 2. R ecovery  ex perim en t

W eight (g) o f  solid W eight o f
in su p e rn a tan t dried  seaw eed

E x trac tio ns (freeze  dried) (%)
A t 4 °C

(1) 2 .0008  g + 200 ml 1.5206 76.03
H om ogenize 10 m in

(2 ) R esidue + 300  m l H 2 0 0 .0609 3.05
20 m in stirring

(3 ) R esidue + 3 0 0  ml H 2 O 0 .0232 1.16
10 m in stirring

(4 ) R esidue + 200  m l H2 O 0.0213 1.07
10 m in stirring

F o u r ex trac tio n s  in 1000 m l at 4°C 1.6260 81 .30

A t 1 0 0 °C
(1 ) R esidue fro m  4 + 2S0 ml H 2 0 0 .0147 0 .74
(2 ) R esidue + 250 m l H2 0 0 .00 1 0 0.05
(3 ) C om bin ed  ex trac tio n s  from  residue 0 .0 07 0 0.35

ex trac ted  w ith  250  m l, 150 ml and 
50 ml H2 0

Five ex trac tio n s  in 950  ml at 100 °C 0.0227 1.14

F ina l residue 0 .2227 11.14

T o ta l recovery 1.8714 93.57

obtained with that obtained by other workers would probably serve as an 
indication as to whether the gel strength of the polysaccharide would be 
affected by the method of extraction proposed by the present study.

Paper and thin layer chromatography was used to confirm that galactose
Table 3. C arbon , hyd rogen  and su lphu r c o n ten ts  o f  po lysaccharide ex tra c ted  a t d iffe ren t 
tem p e ra tu re  and from  d ifferen t fractions

T em p era tu re C (pm ol) H (/Umol) C/H S (pm ol) c/s
F irs t tw o  ex tracts

4 °C 2.87 4 .98 0.58 0 .228 12.58
28 °C  (ro o m  tem p e ra tu re ) 2 .93 5.62 0 .54 0.191 15.34
40  °C 2.90 5.62 0.53 0 .203 14.29

L ater ex trac ts
4 °C 3 .82 7.29 0.52 0 .0698 55.52

28 °C (ro o m  tem p era tu re ) 3.69 7.33 0.50 0 .0743 4 9 .6 6
40  °C 3.85 7.78 0.49 0 .0684 56.28

1 0 0 °C 3.71 7.32 0.51 0 .0 6 50 57.08

R esults are m ean  o f a t least th ree  experim en ts.



272 H. K. Tong, K. H. L ee  a n d  H. A . W ong
Table 4. W eight o f d ialysable m aterial

Average Average

E x p t. A. W eight o f seaw eed 2 .0408 2  g 
H om ogenize w ith  500 ml H 2 0

3 x 50 m l H om ogenate freeze dried 0 .19491  g 95.51 %
3 x 50 m l H o m ogenate  cen trifuged  and 

su p e rn a tan t freeze dried 0 .1 4 8 7 0  g 7 6 .29  %
3 x 50 m l H om ogenate  d ialysed and 

cen trifuged . S u p ern a tan t 
freeze dried 0 .1 4 0 2 7  g 71 .97

Loss a fte r dialysis 8 .43  mg 4 .32  %
R esults o f  trip lica tes  w ere w ith in  ± 5  mg

E xp t. B. W eight o f seaw eed 3 .5002 8  g 
H om ogenize w ith  700 ml H2 0

2 X 150 ml H om ogenate freeze dried 0 .6 9 8 6 5  g 93 .13  %
2 x 1 50 ml H o m ogenate  d ialysed and 

freeze dried 0 .6 7 3 2 0  g 89 .80  %
Loss a fte r  dialysis 25 .45  mg 3.33 %

R esults o f  dup licates w ere w ith in  ± 10 mg 
T herefo re , w eight o f d ialysable m aterial is ap p ro x . 3 —4%

w a s  th e  o n ly  su g a r  p r e s e n t  in  th e  a c id  h y d r o ly s a t e  o f  th e  w a te r  e x tr a c ta b le  
E uch eum a  p o ly s a c c h a r id e .  D u e  t o  th e  in s ta b i l i ty  o f  3 ,6 - a n h y d r o g a la c t o s e  in  
a c id , h y d r o ly s is  o f  p o ly s a c c h a r id e  c o n t a in in g  i t  w o u ld  h a v e  r e s u lte d  in  its  
c o n v e r s io n  t o  g a la c to s e .  H e n c e  i t  is  n o t  s h o w n  in  e i th e r  th e  p a p e r  o r  th in  
la y e r  c h r o m a to g r a m s  o f  a c id  h y d r o ly s a te s  o f  p o ly s a c c h a r id e s .  3 ,6 - a n h y d r o 
g a la c to s e  c o n t e n t  o f  th e  p o ly s a c c h a r id e /s  e x tr a c t  h o w e v e r  c o u ld  b e  d e te r m in e d  
w it h o u t  fir s t h y d r o ly s in g  it  w ith  a c id . T h e  v a lu es  fo r  g a la c to s e  as s h o w n  in  
T a b le  6  w e r e  o b ta in e d  b y  s u b tr a c t in g  th e  a m o u n t  o f  3 ,6 -a n h y d r o g a la c to s e  
fr o m  th e  t o t a l  a m o u n t  o f  c a r b o h y d r a te  d e te r m in e d  as g a la c to s e  b y  th e  A n th r o n e  
m e t h o d .  A  sm a ll a m o u n t  o f  v a r ia t io n  w a s  o b s e r v e d  fr o m  sa m p le  t o  sa m p le . A  
s o m e w h a t  s im ila r  o b s e r v a t io n  h a s  b e e n  m a d e  b y  B la c k  e t al. ( 1 9 6 5 )  o n  th e  
p o ly s a c c h a r id e s  fr o m  G ig a r tin a  an d  C h o n d r u s . A n  a vera g e  o f  th e  r e su lts  o b ta in e d

T able 5. X ylose and glucose c o n ten ts  (average o f th ree  ex perim en ts)

H ydro lysed  sam ple X ylose (%) G lucose (%)

H om ogenate 1.68 0.17
Cold w a te r ex tra c t 1.68 0.13
Cold w ater ex tra c t, d ialysed 1.72 0.12
H ot w ater ex trac t — 6 .84
R esidue — 7.38
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Table 6 . C arbo hy dra te  co n ten t o f E u c h e u m a  s p in o s u m  po lysaccharide as percen tag e o f  d ry  
w eight

Seaw eed
polysaccharide

T o ta l
ca rb o h y d ra te  
(as galactose) 
(%)

3 ,6-anhydrogalactose 
(%)

G alactose
(%)

K appa carrageenan 62 .20 26 .80 3 5 .40
L am bd a carrageenan 59 .50 2.00 57 .50
E u c h e u m a  s p in o s u m 45 .23 16.30 28 .93

47 .73 18.20 29.53
43 .2 9 17.97 2 5 .3 2
56.76 18.23 38 .53
42 .7 7 17.16 25.61
49 .45 18.21 31 .24
46 .42 19.47 26 .95
43 .6 6 17.76 25 .90

M ean ± s.e. m ean 46.91 ± 1.63 17.91 + 0 .3 2 2 9 .0 0  ± 1.55

w a s  c o m p a r e d  w i t h  th a t  o b ta in e d  f o r  a s a m p le  o f  k a p p a  c a r r a g e e n a n  a n d  th a t  
o f  la m b d a  ca r r a g e e n a n  fr o m  D r  N . P. S t a n le y  o f  M a r in e  C o llo id s  I n c . U .S .A .  
T h e  m o la r  r a t io  o f  th e  3 ,6 - a n h y d r o g a la c t o s e  t o  g a la c to s e  c o n t e n t  o f  E u c h e u m a  
p o ly s a c c h a r id e  w a s  0 .6 3  ± 0 .0 3  w h ic h  is lo w e r  th a n  t h e  v a lu e  o f  u n i t y  o b ta in e d  
b y  A n d e r s o n , D o la n  &  R e e s  ( 1 9 7 3 )  th o u g h  c lo s e  t o  th a t  o f  0 .7 1  o b ta in e d  b y  
B la c k  e t  a l.  ( 1 9 6 5 ) .  I t  is  a lso  m u c h  h ig h e r  th a n  th a t  o f  th e  la m b d a  carra
g e e n a n  sa m p le  w h ic h  w a s  0 .0 4  b u t  le s s  th a n  th a t  o f  th e  k a p p a  ca rra g een a n  
sa m p le  w i t h  a m o la r  r a tio  o f  0 .7 7 .  T h e  t o t a l  c a r b o h y d r a te  c o n t e n t  o f  th e  
E u c h e u m a  e x tr a c t  w a s  lo w e r  th a n  t h a t  o f  e i th e r  ca rra g een a n  sa m p le s . T h is  
c o u ld  b e  an  in d ic a t io n  o f  th e  d e g r e e  o f  p u r ity  o f  th e  cr u d e  E u c h e u m a  e x tr a c t .  
A lc o h o l  p r e c ip i ta t io n  o f  t h e  p o ly s a c c h a r id e /s  fr o m  s o lu t io n  r e s u lte d  in  a 
c o l lo id a l  c o m p o u n d  w h ic h  w a s  d i f f i c u l t  t o  d r y  o r  r e d is s o lv e  in  w a te r .

D is c u s s io n

T h e  p r e s e n t  s tu d y  s h o w s  th a t  a s im p le  m e t h o d  c o u ld  b e  u se d  t o  o b ta in  a  cr u d e  
p r e p a r a t io n  o f  th e  p o ly s a c c h a r id e /s  r e s p o n s ib le  fo r  th e  c o m m e r c ia l  v a lu e  o f  
th e  red  s e a w e e d  E u c h e u m a  s p i n o s u m .  T h e  p o ly s a c c h a r id e /s  c o n s is t in g  m a in ly  
o f  g a la c to s e  and  3 ,6 - a n h y d r o g a la c t o s e ,  w a s  e a s ily  e x tr a c ta b le  w it h  w a te r  u n d e r  
e x t r e m e ly  m ild  c o n d it io n s .  C e n tr ifu g in g  a  1% h o m o g e n a t e  o f  t h e  su n  b le a c h e d  
d r ie d  s e a w e e d , a n d  fr e e z e  d r y in g  th e  s u p e r n a ta n t , r e s u lte d  in  th e  e x t r a c t io n  
o f  a w h i t e  f lu f f y  p o ly s a c c h a r id e /s  w h ic h  a c c o u n te d  fo r  a b o u t  7 0 %  o f  t h e  d r y  
w e ig h t  o f  th e  s e a w e e d  p la n t s  (T a b le  2 ) .  O n e  e x tr a c t io n  w i t h  c o ld  w a te r  a t 
4 ° C  w a s  s u f f ic ie n t  t o  e x tr a c t  85%  o f  th e  t o t a l  e x tr a c ta b le  p o ly s a c c h a r id e /s .  
A t  a m b ie n t  te m p e r a tu r e s  ( 2 8  ° C ) , th e  e x t r a c t io n  w a s  as e f f i c ie n t  as a t 4 ° C  i f
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n o t  b e t te r .  I t w a s  fo u n d  th a t  th e  p o ly s a c c h a r id e /s  e x tr a c te d  a t e i th e r  t e m p e r a 
tu r e  w a s  s im ila r  in  c h e m ic a l  c o m p o s i t io n  (T a b le  3 )  a n d  p o s s ib ly  as w e l l  as  
g e llin g  p r o p e r t ie s .

T h e  w a te r  e x tr a c t  o f  th e  d r ie d  s e a w e e d  c o n t a in e d  l i t t l e  fr e e  su g a rs  a n d  
d ia ly s a b le  m a te r ia l. T h e  p r o te in  c o n t e n t  w a s  b e t w e e n  5 — 10%  (T a b le  1 ). T h e  
t o t a l  c a r b o h y d r a te  c o n t e n t  ra n g ed  fr o m  43 %  t o  56%  and  a lth o u g h  it  w a s  lo w e r  
th a n  th a t  o f  th e  k a p p a  a n d  la m b d a  c a r r a g een a n  s a m p le s  s u p p lie d  t o  u s  b y  
M a rin e  C o llo id s  In c . U .S .A .  (T a b le  6 ) ,  it  p r o b a b ly  in d ic a te d  th a t  th e  E u c h e u m a  
w a te r  e x tr a c t  c o n s is t e d  a lm o s t  e n t ir e ly  o f  p o ly s a c c h a r id e /s .  H ig h e r  v a lu e  
c o m p a r a b le  t o  th e  la t te r  w o u ld  p r o b a b ly  h a v e  b e e n  o b ta in e d  i f  s o m e  p u r if i 
c a t io n  o f  th e  w a te r  e x tr a c ta b le  E u c h e u m a  p o ly s a c c h a r id e /s  h a d  b e e n  m a d e .

T h u s  fr o m  th e  r e s u lts  o f  th e  p r e s e n t  s tu d y , it  w a s  f o u n d  th a t  th e  c o m m e r c ia l  
v a lu e  o f  th e  s e a w e e d  E u c h e u m a  s p i n o s u m  c o u ld  b e  e a s ily  e n h a n c e d . T h e  c o s t  
in v o lv e d  in  p r o c e s s in g  th e  w a te r  e x tr a c ta b le  p o ly s a c c h a r id e /s  a n d  m a r k e t in g  it  
in s te a d  o f  th e  d r ie d  s e a w e e d  w a s  e c o n o m ic a l ly  fe a s ib le  d u e  t o  th e  s im p le  
p r o c e d u r e  w ith  w h ic h  it  c o u ld  b e  e x tr a c te d . In fa c t  it is  f e l t  th a t  th e  m e t h o d  
w e h a v e  u se d  is s im p le r  and  s u p e r io r  t o  th e  u su a l m e th o d  o f  b o i l in g  th e  s e a 
w e e d  f o r  sev e r a l h o u r s  an d  p r e c ip ita t in g  th e  p o ly s a c c h a r id e  fr o m  s o lu t io n  
w it h  a lc o h o l .  T h e  r e la t iv e ly  c h e a p e r  la b o u r  c o s t s  in  th is  r e g io n  th an  in  c o n 
su m e r  c o u n tr ie s  in  th e  W e st, c o u p le d  w it h  a r e d u c t io n  in  fr e ig h t  c o s t s  s h o u ld  
b e  a d d it io n a l  fa c to r s  fa v o u r in g  th is .
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Mechanism of gel formation by low methoxyl pectins

R A J N I A . P A D I V A L , S . R A N G A N N A  a n d  S . P . M A N J R E K A R

Summary
F o r  s ta b le  g e l  fo r m a t io n , lo w  m e t h o x y l  p e c t in  (L M P ) s h o u ld  c o n t a in  a t le a s t  
50%  o f  th e  g a la c tu r o n ic  a c id  (G A )  in  th e  free  c a r b o x y l ic  fo r m . T h is  is a c h ie v e d  
b y  p r e c ip ita t in g  a c id  an d  s o d iu m  h y d r o x id e  d e e s te r if ie d  L M P  a t p H  0 .5 ,  1 .5  
o r  3 .0 ,  a n d  a m m o n ia  d e e s te r if ie d  L M P  a t p H  0 .5  o r  1 .5 , b u t  n o t  a t p H  4 .5 .  
W ith  s u c h  L M P , d e p e n d in g  o n  th e  c o n c e n t r a t io n  o f  c a lc iu m  a d d e d  a n d  m e t h o x y l  
c o n t e n t ,  th e  s o l  b e c o m e s  g e l. T h e  c h a n g e s  are c la ss if ie d  in t o  f iv e  r e g io n s :  ( i )  
s o l ,  ( i i )  s o f t  g e l ,  ( i i i )  g o o d  g e l, ( iv )  b r it t le  g e l an d  (v )  c o a g u la te d  g e l.

T h e  m e c h a n is m  o f  g e l fo r m a t io n  b y  L M P in v o lv e s  th e  r e a c t io n  o f  4 0 —50%  
o f  th e  G A  p r e s e n t  in  th e  free  c a r b o x y l ic  fo r m  w ith  c a lc iu m  w h ic h  c a u s e s  th e  
p r e c ip ita t io n  o f  7 5 —90%  o f  th e  t o t a l  L M P  in c lu d in g  th e  e n t ir e  g a la c tu r o n ic  
a c id  u n it s  p r e s e n t  in  th e  e s t e r i f ie d  fo r m . T h e  L M P s o  p r e c ip i ta te d , h o ld s  
5 0 —6 0  g  o f  w a te r  p e r  gram  an d  fo r m s  a s ta b le  g e l. H ig h e r  c o n c e n t r a t io n s  o f  
c a lc iu m  th a n  th e  o p t im u m  in c r e a s e s  th e  r e a c t iv ity  t o  8 0 —90%  w h ic h  r e su lts  
in  s tr o n g  c r o s s  l in k a g e s , in c ip ie n t  p r e c ip ita t io n  o f  L M P a n d  lo s s  o f  g e l s ta te .

I n t r o d u c t i o n

P e c t in s  fo r m  tw o  t y p e s  o f  g e ls  — c o n v e n t io n a l  h ig h  m e t h o x y l  p e c t in  (H M P )  
g e ls  w i t h  65%  o r  m o r e  su g a r  a n d  lo w  m e t h o x y l  p e c t in  (L M P ) g e ls  w ith  o r  
w it h o u t  su g a r  u s in g  c a lc iu m  o r  o th e r  p o ly v a le n t  io n s . T h e  fo r m e r  are fo r m e d  
p r e d o m in a n t ly  th r o u g h  h y d r o g e n  b o n d s ,  w h ile  th e  la t te r ,  b y  c o v a le n t  b o n d s  
(K e r te s z ,  1 9 5 1 ;  D o e s b u r g , 1 9 6 5 ) .  T h e  lo w  s o lid s  g e ls  are m a d e  fr o m  LM P  
h a v in g  3  t o  5% m e t h o x y l ,  a t 2 5  t o  3 0  m g  o f  c a lc iu m  p e r  g  o f  L M P . T h e  b i 
v a le n t  c a t io n s  in te r lin k  a d ja c e n t  p e c t in  m o le c u le s  t o  fo r m  a th r e e  d im e n s io n a l  
n e tw o r k  b y  c o v a le n t  l in k a g e  w it h  c a r b o x y l  g r o u p s  (H il ls  e t  a l ,  1 9 4 9 ;  O w e n s ,  
M c C r e a d y  &  M a c la y , 1 9 4 9 ;  H in to n , 1 9 5 0 ) .  T h e  t e x t u r e  o f  L M P g e ls  h a s  b e e n  
fo u n d  t o  v a r y  w i t h  p H  a n d  c o n c e n t r a t io n  o f  p o ly v a le n t  c a t io n s ;  t h e  g e l s tr e n g th  
d e p e n d s  u p o n  m e t h o x y l  c o n t e n t  and  m o le c u la r  w e ig h t  o f  th e  L M P  ( L o p e z  &  
L i-H s ie n g , 1 9 6 8 ) .

A u th o rs’ address: C entral F o o d  T echnological R esearch In s titu te , M ysore 5 7 0 0 1 3 , India.
0 0 2 2 -1 1 6 3 /7 9 /0 6 0 0 -0 2 7 6  ? 0 2 .0 0  ©  1979 Blackw ell Scientific P ub lica tion s
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F a c to r s  w h ic h  in f lu e n c e  th e  fo r m a t io n  o f  L M P  g e ls  a n d  th e  m e c h a n is m  o f  

g e l  fo r m a t io n  are p r e s e n te d  in  th is  p a p er .

E x p e r im e n ta l

P r e p a r a t i o n  o f  g e l s

LM P p r ep a red  b y  a c id , N a O H  an d  a m m o n ia  d e e s te r i f ic a t io n  p r o c e d u r e s  
(P a d iv a l, 1 9 7 6 )  w e r e  u se d . T a b le  1 g iv e s  th e  a n a ly t ic a l  d a ta  o f  L M P . T o  p r e 
p a re  g e ls  w i t h o u t  su g a r , 1 .0  g  o f  L M P  w a s  w e t t e d  w ith  a fe w  d r o p s  o f  a lc o h o l  in  
a ta red  2 5 0  m l b e a k e r , 1 0 0  m l o f  w a te r  w a s  a d d e d  a n d  h e a te d  t o  b o i l in g  w ith  
stirr in g . U n le s s  o th e r w is e  s ta te d , th e  LM P s o lu t io n  w a s  a d ju s te d  t o  p H  3 .0  u s in g  
s o d iu m  c itr a te , a n d  th e  r e q u ir e d  q u a n t i ty  o f  c a lc iu m  ( 3 0  to  6 0  m g  p e r  g  o f  
L M P ) w a s  a d d e d  as c a lc iu m  c h lo r id e , d r o p w is e  u s in g  a p ip e t t e  a n d  w it h  c o n 
s ta n t  s tirr in g  o f  p e c t in  s o lu t io n .  T h e  g e ls  w e r e  c o o k e d  t o  a f in a l  w e ig h t  o f  
101  g , p o u r e d  in t o  j e l l y  g la sse s  a n d  a llo w e d  t o  s e t  o v e r n ig h t . T o  p r ep a re  g e ls

Table 1. Acid, sodium  hy d ro x id e  and am m onia deesterified  LMP and th e ir  ge lation  ch arac
teristics

Particu lars o f  deeste rifica tion P articu lars o f LMP G elation  ch aracte ris ticsb

A gent 
and pH

Tem p
(°C )

Tim e
(hr)

pH
o f  M oisture 
p p tn  (%)

Ash
(%)

MeO
AM FBa
(%)

O p tim um  
Ca (m g/g 
LMP)

Gel
streng th  
(m l H20 ) A p pearan ce0

HC1 at 60 9.00 0.5 5.6 0.46 4.21 30 40 ++++
0.5 70 5.00 0.5 5.4 0.50 4.61 30 38 ++++

80 1.00 0.5 4.3 0.51 5.20 60 30 +++
HC1 at 60 9 .00 4.5 4 .8 9.40 4 .1 0 — 10d +
0.5 70 5.00 4 .5 5.1 8.60 4 .65 — 10 +

80 1.00 4.5 4.3 7.50 5.21 — 10 +
HC1 at 60 6.00 0.5 5.5 0.25 5.20 50 33 ++++
0.5 60 8.00 0.5 3.7 0.33 4 .36 40 40 ++++

60 15.00 0.5 4 .0 0.41 3 .00 30 50 ++++
NaOH 5 0.15 0.5 6.5 0.56 5.00 40 43 ++++
at 5 0 .25 0.5 6.5 0.52 4 .17 30 38 ++++
11.7 5 0 .50 0.5 4.8 0 .50 3 .0 0 25 33 ++++
N H 3 a t 25 1.50 0.5 6.8 0.66 5.20 60 38 ++++
10.5 25 2.50 0.5 5.7 0.56 4 .32 50 50 ++++

25 3 .50 0.5 4 .9 0.51 3 .00 40 60 ++++

a A sh and m o is tu re  free basis
b Gels w ere prepared  using 1% LMP so lu tion  at pH 3.0 w ith o u t sugar at th e  calcium  levels 

given in th e  tab le
c ++++ V ery good gel; +++ good gel; ++ so ft gel; + coagula ted  gel
d Acid washing o f  th is  LMP resu lted  in the  fo rm ation  o f sa tisfac to ry  gels v nd th e  gel s tren g th  

(3 8 ) m a tched  w ith  th a t o f th e  LMP p rec ip ita ted  at pH 0.5
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c o n t a in in g  35%  t o t a l  s o lu b le  s o lid s  (T S S ) ,  5 4  g  o f  s u c r o s e  (C .P .)  w a s  a d d e d  
t o  L M P  s o lu t io n  in  th e  a b o v e  p r o c e d u r e , an d  th e  f in a l w e ig h t  o f  t h e  g e l a d ju s te d  
t o  1 5 5  g.

T h e  g e l s tr e n g th  w a s  d e te r m in e d  u s in g  th e  B .F .M .I .R .A . j e l l y  t e s t e r  w it h  a 
w a te r  f lo w  ra te  o f  7 5  m l p er  m in  a t 3 0 °  to r q u e .

A c i d  w a s h i n g  o f  L M P  p r e c i p i t a t e d  a t  p H  4 . 5

T o  r e m o v e  s o d iu m  io n s  fr o m  th e  L M P p r e c ip ita te d  a t p H  4 .5 ,  5 0 0  m l o f  
a lc o h o l  c o n ta in in g  3 0  m l o f  c o n c e n tr a t e d  HC1 w e r e  a d d e d  t o  5 g  o f  th e  L M P , 
s tir red  fo r  3 0  m in  a n d  s tr a in e d . T h e  L M P  w a s  w a s h e d  r e p e a te d ly  w it h  a lc o h o l  
o f  in c r e a s in g  c o n c e n t r a t io n  a n d  d r ie d  a t 6 0 ° C  o v e r n ig h t .

N e u t r a l i z a t i o n  o f  f r e e  c a r b o x y l i c  g r o u p s  o f  L M P

T o  s tu d y  th e  e f f e c t  o f  th e  e x t e n t  o f  n e u tr a l iz a t io n  o f  th e  c a r b o x y l ic  g r o u p s  
o n  g e l fo r m a t io n , c a lc u la te d  q u a n t it ie s  o f  N a 2 C 0 3 w e r e  a d d e d  t o  th e  s o lu t io n  
o f  a c id  d e e s te r if ie d  L M P  p r e c ip ita te d  a t p H  0 .5  t o  n e u tr a l iz e  2 5 ,  5 0 ,  7 5  a n d  
100%  o f  th e  c a r b o x y l ic  g r o u p s . T h e  g e ls  w e r e  p r ep a red  u s in g  th e s e  s o lu t io n s  
at th e  o p t im u m  c o n c e n tr a t io n  o f  c a lc iu m  ( 3 0  m g  p e r  g  o f  L M P ).

R e a c t i o n  o f  c a l c i u m  w i t h  c a r b o x y l i c  g r o u p s  o f  L M P  d u r i n g  g e l  f o r m a t i o n

In  th e  d e te r m in a t io n  o f  m e t h o x y l  c o n t e n t  o f  p e c t in ,  th e  in it ia l  t i t r e  v a lu e  
r e p r e s e n ts  t h e  g a la c tu r o n ic  a c id  u n it s  w it h  free  c a r b o x y l ic  g r o u p s  (h e r e a f te r  
re fe rred  t o  as G A -C O O H ), a n d  th e  s a p o n if ic a t io n  t itr e  v a lu e  r e p r e s e n ts  th e  
g a la c tu r o n ic  a c id  u n it s  e s t e r if ie d  w it h  m e t h y l  a lc o h o l  (h e r e a f te r  r e fe r r e d  t o  as  
G A -C O O C H 3). T o g e th e r ,  t h e y  r e p r e s e n t  th e  to ta l  g a la c tu r o n ic  a c id  ( t o t a l  G A )  
c o n t e n t  o f  th e  p e c t in .  T h e  G A  n a tu r a lly  p r e s e n t  as m e ta l l ic  s a lts  is n e g lig ib le  
a n d  h e n c e ,  n o t  in c lu d e d .

T o  s tu d y  t h e  c a lc iu m  r e a c t iv ity  w it h  G A , th e  g e ls  w e r e  m ix e d  w ith  e q u a l  
q u a n t it ie s  o f  w a te r , an d  th e  L M P  p r e c ip ita te d  u s in g  t w o  v o lu m e s  o f  a lc o h o l.  
T h e  p r e c ip ita te  w a s  w a s h e d  r e p e a te d ly  w it h  in c r e a s in g  c o n c e n tr a t io n  o f  a lc o h o l  
t o  r e m o v e  su g a r  o r  e x c e s s  c a lc iu m , an d  d r ied  o v e r n ig h t  at 6 0 ° C . O n e  g ram  o f  
th e  r e c o v e r e d  p e c t in  w a s  d iv id e d  in t o  t w o  e q u a l p o r t io n s .  In  o n e  p o r t io n ,  in it ia l  
an d  s a p o n if ic a t io n  t it r e  v a lu e s  an d  in th e  o th e r ,  c a lc iu m  (A O A C , 1 9 7 5 )  w e r e  
d e te r m in e d . T h e  G A -C O O H  w a s  c a lc u la te d  o n  th e  a s s u m p t io n  th a t  2 0  m g  o f  
c a lc iu m  r e a c ts  w i t h  1 7 6  m g  o f  g a la c tu r o n ic  a c id .

D i s t r i b u t i o n  o f  L M P  in  g e l p h a s e  a n d  s o l p h a s e

G e ls  p r ep a red  w it h  or  w it h o u t  su g a r  u s in g  10  t o  1 4 0  m g  o f  c a lc iu m  p e r  g  o f  
LM P w e r e  d is tu r b e d  u s in g  a m e c h a n ic a l  s tirrer  (a t  1 0 0  r .p .m . fo r  1 m in ) .  T h e
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d is tu r b e d  g e l, a f t e r  a llo w in g  t o  s ta n d  fo r  1 h r  w a s  tra n sfe rred  t o  a c lo s e ly  k n it  
te r y le n e  c lo t h  an d  d r a in ed  fo r  1 hr.

T h e  p e c t in  p r e s e n t  m a in ly  as c a lc iu m  p e c t in a te  c o m p le x  in  th e  g e lp h a s e  ( i .e . ,  
th e  g e l p o r t io n  re m a in in g  o n  th e  c lo t h )  w a s  r e c o v e r e d  b y  a lc o h o l  p r e c ip ita t io n ,  
w e ig h e d  an d  th e n  a sh e d . T h e  L M P  in  th e  g e lp h a se  w a s  c a lc u la te d  o n  a sh  a n d  
m o is tu r e  free  b a s is  u s in g  th e  fo l lo w in g  e x p r e s s io n :

W eig h t o f  W eig h t o f  a sh
LM P in  -  o f  LM P in  

LM P g e lp h a s e  g e lp h a se
p r e c ip ita te d  = ------------------------------------------------------------- X 1 0 0
in  g e lp h a se  W eig h t o f  L M P  in  g e l (1  g)

T h e  w a te r -h o ld in g  c a p a c ity  o f  th e  LM P in  th e  g e lp h a se  w a s  c a lc u la te d  fr o m  
th e  fo l lo w in g  e x p r e s s io n :

W a ter -h o ld in g  
c a p a c ity  
(g  o f  w a te r  
(p e r  g  o f  L M P )

W e ig h t o f  D r y  w e ig h t  o f  L M P
g e lp h a s e  — r e c o v e r e d  fr o m  g e lp h a s e

D r y  w e ig h t
o f  LM P r e c o v e r e d  — W eig h t o f  a sh  
fr o m  g e lp h a se

T h e  p e c t in  in  th e  s o lp h a s e  ( i .e . ,  l iq u id  p o r t io n  d r a in in g  th r o u g h  th e  c lo t h )  
w a s  d e te r m in e d  s im ila r ly .

R e s u l t s  a n d  d is c u s s io n

In th e  p r e p a r a tio n  o f  L M P , a d ju s tm e n t  o f  th e  s a p o n if ie d  e x tr a c t  t o  p H  4 .5  
p r io r  t o  p r e c ip ita t io n  o f  th e  LM P h a s  b e e n  in v a r ia b ly  r e c o m m e n d e d  t o  im 
p r o v e  th e  s ta b i l ity  d u r in g  s to r a g e , t o  in c r e a s e  s o lu b i l i t y  a n d  t o  o v e r c o m e  
u n d u e  a lt e r a t io n  o f  th e  p H  in  g e ls  (K e r te s z , 1 9 5 1 ) .  A c id  d e e s te r if ie d  LM P  
p r e c ip ita te d  a t p H  4 .5  an d  h a v in g  4 .3%  m e t h o x y l  d id  n o t  fo r m  s a t is fa c to r y  g e ls  
at 3 0  t o  6 0  m g  o f  c a lc iu m  p e r  g  o f  p e c t in  (T a b le  1 ). A d ju s t in g  th e  p H  o f  th e  
L M P  s o lu t io n  t o  3 .0  w ith  c itr ic  a c id  d id  n o t  im p r o v e  th e  g e l c h a r a c te r is t ic s .  
In c o n tr a s t ,  LM P p r ep a red  b y  a d ju stin g  th e  p H  t o  0 .5  fo r m e d  g o o d  g e ls  (T a b le  
1).

G e la t io n  c h a r a c te r is t ic s  o f  th e  LM P p r ep a red  b y  a d ju s t in g  th e  p H  t o  1 .5  
o r  3 .0  w e r e  th e  sa m e as th a t  o f  th e  L M P p r ep a red  s im ila r ly  at p H  0 .5 .

In  th e  d e te r m in a t io n  o f  m e t h o x y l  c o n t e n t ,  th e  in it ia l  t i t r e  v a lu e s  o f  th e  
a b o v e  LM P p r e c ip ita te d  a t p H  4 .5  a n d  0 .5  w ere  0 .1 2  a n d  3 .0 8  m .e q . o f  N a O H  
p e r  g  o f  LM P r e s p e c t iv e ly .  T h e s e  r e su lts  s h o w e d  th a t  90%  o f  th e  G A -C O O H  
in  th e  fo r m e r  w e r e  b o u n d  w ith  s o d iu m  io n s  a n d  h e n c e ,  fa ile d  t o  fo r m  s a t is 
fa c to r y  g e ls . A f t e r  w a sh in g  th is  LM P w it h  a c id if ie d  a lc o h o l ,  th e  in it ia l  t i t r e  
v a lu e  w a s  2 .7 2  m .e q . p e r  g  o f  L M P , an d  it  fo r m e d  g o o d  g e ls .
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Figure 1. E ffec t o f  neu tra liza tio n  and pH o f p rec ip ita tio n  o f acid deesterified  
LMP (5%  m e th o x y l)  o n  th e  gel s tren g th  and  G A -reactiv ity  w ith  calcium , a , GA- 
reac tiv ity  w ith  calcium  in gels o f LMP neu tra lized  to  varying ex ten t using 
N a2C03; ■ , Gel s treng th  o f  th e  gels prepared  as in □ ; o , G A -reactiv ity  w ith  
calcium  in gels o f LMP prepared  by p rec ip ita tin g  at d ifferen t pH v a lu e s ;« , Sam e 
as in o  b u t the  gels w ere p repared  a fte r  ad justing  the  pH o f th e  pec tin  so lu tio n  
to  3 .0  irrespective o f  th e  pH  o f p rec ip ita tio n  ; A, Gel s tren g th s  o f gels o f LMP 
p rec ip ita ted  at pH 0 .5 , 1.5, 3.0 and 4 .5 , in the  absence o f b u f fe rs ;A, Sam e a s A 
b u t a f te r  ad justing  th e  pectin  so lu tion  to  3.0 w ith  buffers (c itric  acid o r sodium  
citra te ).

W h en  th e  G A -C O O H  in  th e  LM P p r e c ip ita te d  a t p H  0 .5  w a s  n e u tr a l iz e d  to  
th e  e x t e n t  o f  25%  a n d  50%  u s in g  s o d iu m  c a r b o n a te , th e  g e ls  w e r e  g o o d ;  a t 75%  
le v e l ,  t h e  g e ls  s h o w e d  a t e n d e n c y  t o  c o a g u la te  w h ic h  b e c a m e  p r e d o m in a n t  
at 100%  le v e l .  T h is  is  o b v io u s  fr o m  th e  g e l s tr e n g th  (F ig . 1 ).

In  g e n e r a l, th e  LM P s a m p le s  p r e c ip ita te d  a fte r  a d ju s t in g  th e  p H  o f  t h e  d e 
e s te r if ie d  e x tr a c t  t o  0 .5  y ie ld e d  g o o d  g e ls  in  th e  p H  ra n ge o f  2 .9  t o  3 .6 ,  a n d  at 
3 0 —5 0  m g  o f  c a lc iu m  p e r  g  o f  L M P d e p e n d in g  o n  th e  m e t h o x y l  c o n t e n t  
( 3 —5% ) a n d  th e  m o d e  o f  d e e s t e r i f ic a t io n ,  b u t  n o t  th e  L M P p r e c ip ita te d  a t 
p H  4 .5  (T a b le  1).

R ea c tio n  o f  calcium  w ith  G A-CO O H  during gel fo rm a tio n

W h en  c a lc iu m  is a d d e d  t o  an a q u e o u s  s o lu t io n  o f  L M P , a g e la t in o u s  p r e 
c ip ita te  is  fo r m e d  w h ic h , u n d e r  c o n t r o l le d  c o n d i t io n s ,  is  t r a n s fo r m e d  t o  a 
s ta b le  g e l b y  sa lt  fo r m a t io n  (O w e n s , M cC rea d y  & M a c la y , 1 9 4 9 ;  H in t o n ,  1 9 5 0 )  
o r  b y  c h e la t io n  (H a m m , 1 9 6 3 ) .  A c id  d e e s te r if ie d  LM P h a v in g  4 .3 %  m e t h o x y l  
a n d  p r e c ip ita te d  a t p H  0 .5  u se d  in  th is  s tu d y  h a d  a p H  o f  a b o u t  2 .0  t o  2 .4  in  
1% s o lu t io n .  O n e  gram  o f  th is  LM P c o n t a in e d  8 2 0 .2  m g  o f  to ta l  G A  o f  w h ic h  
2 8 .4 %  ( 2 3 2 . 9 m g )  w a s  p r e s e n t  as G A -C O O C H 3 a n d  71 .6%  ( 5 8 7 .3  m g ) as 
G A -C O O H  (T a b le  2 ) .  In th e  L M P  r e c o v e r e d  fr o m  g e l, o n ly  4 0 .5 %  ( 2 4 0 .6  m g )  
o f  G A -C O O H  w a s  b o u n d  w ith  c a lc iu m , and th e  g e lp h a se  c o n t a in e d  2 7 .0  m g  o f  
c a lc iu m  (T a b le  2 ) .  U s in g  th e  s t o ic h io m e t r ic  r e la t io n  th a t  2 0  m g  o f  c a lc iu m  
r e a c ts  w ith  1 7 6  m g  o f  G A , th e  v a lu e  o f  2 4 0 .6  m g  ta llie d  e x t r e m e ly  w e ll  w ith  
th e  G A  c o n t e n t  c a lc u la te d . In  th is  e x p e r im e n t ,  th e  g e l w a s  p r e p a r e d  a fte r
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Table 2. R eac tiv ity  o f  acid deesterified  LMP w ith  calcium  in sugar gela
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LMP w ith  4.3%  MeO

pp td  at pH 0.5 p p td  a t pH  4.5
Particu lars

LMP
as
such

LMP
recovered 
from  gel

LMP
as
such

LMP
recovered 
from  gel

0 ) GA* w ith  free C OOHb (m g/g) 587 .3 346 .7 21.1 20.6
( 2) GA in  th e  esterified  fo rm c (m g/g) 232 .9 232 .6 232 .9 232 .0
(3) GA presen t as sod ium  saltd (m g/g) — — 566.2 —
(4) GA presen t as calcium  salt6 (m g/g) — 240.6 — 566.7

T o ta l GA (m g/g) 820 .2 819 .9 820 .2 819 .3

(5) C alcium  — C alcdf (m g/g) 27.3
— fo u n d8 (m g/g) 27.0 20.6

( 6) E x ten t o f GA bo u nd  by  calcium *1 1[%) 40.5 9 6 .4 '

* GA = galactu ron ic  acid
a Sugar gel con tain ing  35% TSS was prepared  w ith  1% LMP so lu tio n  at pH 3.0 using 

30 mg and 20 mg o f Ca for LMP p rec ip ita ted  at pH  0.5 and 4 .5  respectively  
b C alculated from  (1) (10  ml o f  0.1 N NaOH = 23 m g o f Na = 176 mg GA) 
c C alculated  from  sapon ifica tion  titre  value as in ‘b ’ 
d C alcula ted  from  th e  d ifference in th e  ‘b ’ o f LMP p p td  a t pH  0.5 an d  4.5 
e C alcu la ted  as in ‘b ’ from  th e  d ifference in in itia l titre  value o f the  original LMP and 

th a t  recovered  from  gel
f C alcu la ted  from  (4 ) (1 76  mg o f GA = 20 m g o f Ca) 
g By ash analysis o f LMP recovered from  gel 
h  C alculated  (e /b  x 100) 
i C alculated  (d /b  X 100)

a d ju stin g  th e  pH  o f  th e  LM P s o lu t io n  t o  3 .0 .  In g e ls  p rep a red  w it h o u t  a d ju stin g  
th e  p H  t o  3 .0 ,  o n ly  30%  o f  G A -C O O H  r e a c te d  w ith  c a lc iu m  g iv in g  a s o f t  s e t .

N e u tr a liz a t io n  o f  2 5  an d  50%  o f  G A -C O O H  w ith  N a 2C 0 3, o r  b u f fe r in g  to  
p H  1 .5  and 3 .0  in  th e  a b o v e  LM P h a d  s im ila r  e f f e c t  o n  G A  r e a c t iv ity  w it h  
c a lc iu m . T h e  r e a c t iv ity  in c r e a se d  t o  4 6  an d  60%  r e s p e c t iv e ly  a n d  th e  g e ls  w e r e  
g o o d . W h en  n e u tr a liz e d  t o  th e  e x t e n t  o f  7 5  and 100% , 8 0  a n d  100%  r e s p e c t iv e ly  
o f  th e  G A -C O O H  r e a c te d  w ith  c a lc iu m  r e su lt in g  in  c o a g u la te d  g e ls  (F ig . 1).

W h en  th e  m e t h o x y l  c o n t e n t  o f  th e  LM P w a s  3 .9 5 % , 4 5 .5  a n d  5 4 .2 %  o f  th e  
G A -C O O H  r e a c te d  w it h  3 0  and  4 0  m g  o f  c a lc iu m  p er  g  o f  L M P  r e s u lt in g  in  
g o o d  g e ls; th e  r e a c t iv ity  w a s  m o r e  in  g e ls  p r ep a red  w it h o u t  su g a r  th a n  in  g e ls  
w it h  su g a r  (T a b le  3 ) .

In  th e  LM P p r e c ip ita te d  at p H  4 .5 ,  o u t  o f  5 8 7 .3  m g  o f  s a p o n if ie d  G A , o n ly  
3 .6 %  (2 1 .1  m g ) w a s  p r e s e n t  as G A -C O O H  an d  th e  r e m a in in g  as s o d iu m  sa lt. 
T h e  p H  o f  a 1% s o lu t io n  o f  th is  p e c t in  w a s  a b o u t  4 .0  t o  4 .3 .  O n  a d d in g  c a lc iu m ,  
th e  G A  r e a c te d  w i t h  it  a lm o s t  q u a n t i ta t iv e ly  fo r m in g  c o a g u la te d  g e ls . O n  
b u ffe r in g  t o  p H  3 .0  w ith  c itr ic  a c id  and h e a t in g  as in  g e l m a k in g , th e  LM P



T ab le 3. R eac tiv ity  o f  acid deeste rified  LMP w ith  added  calcium  in sugar and sugar-free gels

G el fo r m a tio n  b y  lo w  m e th o x y l  p e c t in s  283

LMP w ith  3.95%  MeO

P articu lars
Sugar gel* 1 * * * * Sugar-free gelk

LMP
as
such

LMP
recovered 
from  gel

LMP
as
such

LMP
recovered  
from  gel

( 1) GA* w ith  free C OOHb (m g/g) 595.1 324 .5 595.1 251 .9
(2) GA in  th e  esterified  fo rm c (m g/g) 224 .3 221.8 224.3 2 23 .0
(3) GA p resen t as sod ium  sa ltd (m g/g) — — — —
(4) GA presen t as calcium  sa lt6 * * * * (m g/g) — 270.9 — 343 .3

T o ta l GA (m g/g) 819 .4 817 .2 8 19 .4 818 .2

(5) C alcium  — C alcdf (m g) 30.8 38.6
— Found® (m g) 30.1 39 .0

( 6) E x te n t o f  GA bound  b y  calcium 11 (%) 4 5 .51 57.1

* GA = G a lac tu ron ic  acid
b, c, d, e, f, g and h  see fo o tn o te  o f T able 2
j Sugar gel was prepared  w ith  1% LMP so lu tio n  at pH  3 .0  using 30 m g o f calcium  and 

35% TSS
k Sugar-free gel was prepared  w ith  1% LMP so lu tio n  at pH 3 .0  using 40 m g o f calcium  

and w ith o u t sugar
1 Sugar gel p repa red  as in ‘j ’ w ith  40 mg o f calcium  per g o f LMP show ed 54.2%  o f the 

GA reac tiv ity  w ith  calcium

r e c o v e r e d  b y  p r e c ip ita t io n  w ith  a lc o h o l  c o n ta in e d  o n ly  19 .2%  G A -C O O H  w h ic h  
w a s  m u c h  lo w e r  th a n  th e  m in im u m  o f  40%  req u ired  fo r  th e  fo r m a t io n  o f  
g o o d  g e ls . O n  tr e a t in g  w it h  a lc o h o l ic  HC1, 88%  o f  th e  c a r b o x y l ic  g r o u p s  w e r e  
s e t  fr e e , an d  th e  L M P  fo r m e d  g o o d  g e ls .

T h e s e  r e su lts  s h o w  th a t  LM P s h o u ld  c o n t a in  a m in im u m  o f  4 0  t o  50%  o f  
G A -C O O H  t o  fo r m  g o o d  g e ls . T h is  is a c h ie v e d  b y  p r e c ip ita t in g  t h e  a c id  o r  
N a O H  d e e s te r if ie d  LM P at p H  3 .0  o r  lo w e r . A m m o n ia  d e e s te r if ie d  L M P  p r e 
c ip ita te d  a t p H  3 .0  c o n t a in e d  10 .5%  a m m o n iu m  sa lts  o n  th e  c a r b o x y l ic  g r o u p s
and  4 .2 %  a m id e s , and  d id  n o t  fo r m  s a t is fa c to r y  g e ls . T h e  s a m p le s  p r e c ip ita te d
a t p H  0 .5  and  1 .5  c o n ta in e d  0  an d  5% a m m o n iu m  sa lts  r e s p e c t iv e ly  a n d  fo r m e d  
s ta b le  g e ls  a lth o u g h  th e  a m id e  c o n t e n t  r e m a in e d  th e  sa m e .

B e s id e s  th e  G A -r e a c t iv ity  w i t h  c a lc iu m , th e  o th e r  fa c to r s  w h ic h  in f lu e n c e
th e  m e c h a n is m  o f  g e l fo r m a t io n  are d is c u ss e d  b e lo w .

A c id  deesterified  LM P

Gel characteristics. G e l fo r m a t io n  b y  LM P is th e  tr a n s fo r m a tio n  o f  s o l  s ta te
t o  gel s ta te  c a u s e d  b y  a d d e d  c a lc iu m  and it s  r e a c t iv ity  w it h  G A -C O O H . T o  a
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Acid deesterified LMP NaoH deesterified LMP Ammonia deesteritied LMP

Figure 2. S chem atic  illu s tra tion  o f gelation  characte ris tics  o f acid, NaOH and 
am m onia deesterified  LMP prepa ra tio ns  w ith  increasing c o n cen tra tio n  o f  calcium , 
a, Sol region (□ ); b, S oft gel region (©); c, G ood  gel region ( • ) ;  d, B rittle  gel 
region (©); e, C oagulated  gel region (o ).

LM P h a v in g  3% m e t h o x y l  ( 6 7 7 .6  m g  o f  G A -C O O H ), c a lc iu m  a d d ed  at 1 0 — 
2 0  m g  p e r  g  o f  p e c t in  in c r e a s e d  th e  v is c o s i t y  b u t  th e  L M P r e m a in e d  as a s o l  
(r e g io n  a in  F ig . 2 ) .  F u r th e r  in c r e a se  in  th e  c o n c e n tr a t io n  o f  c a lc iu m  c h a n g e d  
th e  so l t o  a g e l;  b e t w e e n  th e  so l  and  th e  gel r e g io n , a s o f t  g e l reg ip n  (b )  e x is t e d  
w h ic h  h a d  a h ig h  c o n s is t e n c y . N e x t  t o  th is ,  w a s  a b r o a d  g e l reg io n  w h ic h  c o u ld  
b e  d iv id e d  in to  th r e e  su b -r e g io n s: ( i )  r e g io n  c  h a v in g  a g o o d  s e t  ( 2 0 —4 0  m g  o f  
c a lc iu m ) , ( i i)  reg io n  d in  w h ic h  g e ls  w e r e  a p p a r e n t ly  g o o d  b u t  w e r e  a c tu a l ly  
b r it t le  and  tu r b id  ( 4 0 - 5 0  m g ) a n d  ( i i i )  r e g io n  e  o f  c o a g u la te d  g e ls  in  w h ic h  
th e  c a lc iu m  c o n c e n tr a t io n  w a s  h ig h  ( 6 0  m g ) c a u s in g  in s ta n ta n e o u s  p r e c ip ita t io n  
o f  L M P.

T h e  a b o v e  o b s e r v a t io n s  w e r e  s im ila r  w ith  LM P h a v in g  4  an d  5% m e t h o x y l  
( 5 9 9 .9  an d  5 8 1 .3  m g  o f  G A -C O O H ) e x c e p t  th a t  th e  c a lc iu m  c o n c e n tr a t io n s  
r e q u ired  t o  b r in g  a b o u t  th e s e  ch a n g e s  w e r e  h ig h e r  as th e  m e t h o x y l  c o n t e n t  
in c r e a se d  fr o m  3 t o  5%  (F ig . 2 ) .

Gel strength . W ith  in c r e a s in g  c o n c e n tr a t io n  o f  c a lc iu m , th e  g e l s tr e n g th  
in c r e a se d  w h ic h  w a s  m a x im u m  at th e  o p t im u m , d e c r e a se d  r a p id ly  th e r e a f te r ,  
a n d  le v e lle d  o f f  at 1 0 0  m g  or  m o r e  p er  g o f  L M P (F ig . 3 a ) . In g e ls  c o n t a in in g  
35%  T S S , th e  o p t im u m  c o n c e n tr a t io n  o f  c a lc iu m  req u ired  to  e x h ib it  m a x im u m  
g e l s tr e n g th  w a s  lo w e r  th a n  in  g e ls  c o n ta in in g  n o  su g a r  (F ig . 3 d ) .

Gelphase and solphase. W h en  g o o d  g e ls  w e r e  d is tu r b e d  and  a llo w e d  t o  s ta n d  
fo r  1 h r , a d is t in c t  s e p a r a tio n  in to  a g e lp h a s e  a n d  a s o lp h a s e  o c c u r r e d . T h is  
w a s n o t  se e n  in  s o f t  g e ls , and  t h e y  r e se t  a f te r  d is tu r b in g  a n d  a llo w in g  to  s ta n d .  
T h e  w e ig h t  o f  g e lp h a se  in  g o o d  g e ls  w a s  m o r e  th a n  th a t  in  b r it t le  g e ls  w h ic h ,  
in  tu rn , w a s  m o r e  th a n  th a t  in c o a g u la te d  g e ls  (F ig .  3 b ) .

E x te n t o f  LM P prec ip ita ted  in gelphase. T h e  c o n c e n tr a t io n s  o f  c a lc iu m  
( 4 0  m g ) an d  LM P (1 g ) b e in g  th e  s a m e , th e  e x t e n t  o f  p e c t in  p r e c ip ita te d  in  
th e  g e lp h a s e  fo r  g o o d  g e ls  w a s  7 7 , 7 9  an d  88%  fo r  p e c t in  h a v in g  5 , 4  a n d  3%
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Figure 3. E ffec t o f increasing c o n cen tra tio n  o f calcium  on gel streng th , gelphase, 
pec tin  co n ten t in gelphase and w ater-holding cap acity  o f pectin  in gelphase o f 
acid deeste rified  LMP p repa ra tio ns  having 3, 4 and 5%  m e th o x y l groups, n, sol; 
e , so ft gel; • ,  good gel; «, b r ittle  gel; o , coagula ted  gel.
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m e t h o x y l  g r o u p s  r e s p e c t iv e ly .  T h e  L M P p r e s e n t  in  th e  g e lp h a s e  c o n s is t e d  o f  
m o s t  o f  th e  G A -C O O C H 3, th e  G A  b o u n d  b y  c a lc iu m  a n d  th e  r e m a in in g  G A -  
C O O H  (T S b le  4 ) .  W ith  in c r e a s in g  c o n c e n tr a t io n  o f  c a lc iu m  fr o m  3 0  t o  1 4 0  m g  
p e r  g  o f  L M P , p e c t in  in  th e  g e lp h a s e  in c r e a se d  s lig h t ly  (F ig . 3 c ) .

W ater-holding capacity. I r r e sp e c t iv e  o f  m e t h o x y l  c o n t e n t ,  a t th e  o p t im u m  
c o n c e n tr a t io n s  o f  c a lc iu m  at w h ic h  th e  g e ls  e x h ib it e d  m a x im u m  g e l s tr e n g th ,  
th e  w a te r -h o ld in g  c a p a c ity  o f  LM P in  g e lp h a s e  w a s  th e  sa m e  ( 5 7  t o  5 8  g  o f  
w a te r  p e r  g  o f  L M P ) (F ig . 3 e ) .  In s o f t  g e ls  fo r m e d  a t s u b -o p t im a l  c o n c e n tr a t io n s  
o f  c a lc iu m , th e  w a te r -h o ld in g  c a p a c ity  o f  LM P m a y  b e  c o n s id e r e d  t o  b e  m a x i
m u m , i .e . ,  1 0 0  g  o f  w a te r  p er  g  o f  L M P u sed  in  gel m a k in g , w h e r e a s  at c o n c e n -
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T able 4 . D istrib u tio n  o f  pec tin  be tw een  gelphase and solphase o f  th e  gel p repa red  from  
am m onia deeste rified  LMP having 3% m e thoxy l

LMP recovered from  gel3

Particu lars
Original
LMP
(m g)

G elphase
(m g) (% )b

Solphase
(m g) (% )b

W eight o f  LMP 1000.00 883 .5 88.4 75.9 7.6
GA* w ith  free- COOH 674 .7 303 .2 44 .9 70.9 10.5
GA presen t as Ca salt — 293 .2 43 .5 0.0 —
GA in esterified  form 166.8 161.2 97.0 4.0 2.4

* GA = G a lac tu ro n ic  acid
a T he gel was p repa red  using 1.0 g o f LMP and 30 m g o f Ca w ith o u t sugar and pH 

ad justed  to  3 .0
b P ercent o f th e  value show n u n d er th e  co lum n ‘original LM P’

T able 5. C om parison  o f gel characte ris tics  o f  non-sugar gels o f  acid , sodium  h y d ro x id e  and 
am m onia  deesterified  LMP

Particu lars MeO
( ± 0. 1%)

Acid
deesterified
LMP

NaOH
deesterified
LMP

n h 3
deeste rified
LMP

(%) (m g/g  o f  LMP)
(1 ) O p tim um  Ca concn 3 30 25 50

for m axim um  gel 4 40 30 60
stren g th 5 50 40 80

(%) (m l H20 )
(2 ) Gel s tren g th  at 3 50 33 57

o p tim um  Ca concn 4 38 38 50
5 32 43 38

(%) (g per 100 g gel)
(3 ) G elphase a t 3 51 51 44

o p tim um  Ca concn 4 48 45 41
5 45 42 35

(% ) (per cent)
(4 ) LMP p p td  in gelphase 3 88 86 88

at o p tim um  Ca concn 4 79 76 79
5 77 75 77

(%) (g o f H20  per g LMP)
(5 ) W ater-holding capacity 3 58 55 51

at o p tim um  Ca concn 4 57 57 51
5 57 56 49
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tr a t io n s  o f  c a lc iu m  a b o v e  th e  o p t im u m , th e  w a te r -h o ld in g  c a p a c ity  d e c r e a s e d  
r e s u lt in g  in  c o a g u la te d  g e ls  (F ig . 3 f ) .

S o d iu m  h yd ro x id e  an d  am m o n ia  deesterified  LM P

T h e  tr a n s fo r m a t io n s  d is c u ss e d  a b o v e  w e r e  s im ila r  in  N a O H  d e e s te r if ie d  L M P  
e x c e p t  th a t  th e  c a lc iu m  ran ge w a s  n a r r o w e r  fo r  g o o d  g e ls  (F ig .  2 ) ;  th e  b r it t le  
and  c o a g u la te d  g e l r e g io n s  (d  an d  e )  m e r g e d  r e su lt in g  in  a b r o a d  c o a g u la te d  g e l 
reg io n . In a m m o n ia  d e e s te r if ie d  L M P , th e  c a lc iu m  ra n ge fo r  g e l fo r m a t io n  w a s  
b r o a d e r  an d  w a s  d iv id e d  a lm o s t  e q u a l ly  iq t o  g o o d  g e l ,  b r it t le  g e l a n d  c o a g u la te d  
g e l r e g io n s . T h e  g e l c h a r a c te r is t ic s  o f  a c id , s o d iu m  h y d r o x id e  a n d  a m m o n ia  
d e e s te r if ie d  L M P are g iv en  in  T a b le  5 . T h e  c a lc iu m  r e q u ir e m e n t  fo r  g e ls  w i t h o u t  
su g a r  v a r ied  fr o m  3 0 —5 0  m g , 2 5 - 4 0  m g  an d  5 0 —8 0  m g  r e s p e c t iv e ly  p e r  g  o f  
a c id , s o d iu m  h y d r o x id e  an d  a m m o n ia  d e e s te r if ie d  LM P h a v in g  3  t o  5%  m e t h o x y l  
c o n t e n t .  A d d it io n  o f  su g a r  in  g e ls  r e d u c e d  s in é r e s is  a n d  th e  c a lc iu m  r e q u ir e m e n t  
t o  2 5 —3 0  m g  p e r  g  o f  L M P ir r e s p e c t iv e  o f  th e  t y p e  o f  LM P.
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Quality changes in frozen Brussels sprouts during storage.
I . S e n s o r y  c h a r a c t e r i s t i c s  a n d  r e s id u a l  e n z y m e  a c t iv i t i e s

E . S T E IN B U C H , R . A . H IL H O R S T , W . K L O P , J . E . R O B B E R S , W . R O L  
a n d  R . G . V A N  D E R  V U U R S T  D E  V R I E S

S u m m a r y

S e n s o r y  e v a lu a t io n  a n d  q u a n t i ta t iv e  a n a ly s e s  o f  c a ta la s e , p e r o x id a s e  a n d  
l ip o x y g e n a s e  w e r e  p e r fo r m e d  in  fr o z e n  B r u sse ls  s p r o u ts  d u r in g  s to r a g e  at 
th r e e  d i f f e r e n t  te m p e r a tu r e s . W ith in  6  w e e k s  a t —4 ° C  a ll s e n s o r y  a t tr ib u te s  
h a d  r e a c h e d  th e  l im it  o f  a c c e p t a b i l i t y ,  w h ile  p e r o x id a s e  a c t iv ity  in c r e a s e d  
in  t h e  s a m e  p e r io d . A t  th e  e n d  o f  th is  p e r io d  c a ta la se  a c t iv ity  h a d  in c r e a se d  
s t r o n g ly . C o lo u r  a n d  f la v o u r  d e c r e a s e d  s lo w ly  d u r in g  11 m o n t h s  s to r a g e  a t 
—9 ° C , w h ile  t e x t u r e  r e m a in e d  o n  a c o n s ta n t  le v e l .  A f t e r  4  m o n t h s  a t —9 ° C  
a s lig h t  c a ta la se  a c t iv ity  b e c a m e  d e te c ta b le .  A t  ^ 1 8 ° C  n o  d e t e c t a b le  c h a n g e s  
o c c u r r e d  d u r in g  11 m o n th s .  C h a r a c te r iz a t io n  o f  th e  p r e lim in a r y  b la n c h in g  
p r o c e s s  in  te r m s  o f  r e s id u a l a c t iv it ie s  o f  p e r o x id a s e  a n d  c a ta la se  r e m a in s  p o s s ib le  
a f te r  p r o lo n g e d  s to r a g e , p r o v id e d  m ic r o b ia l  g r o w th  ca n  b e  e x c lu d e d .

I n t r o d u c t i o n

D is c u s s io n s  in  b o t h  n a t io n a l  a n d  in  in te r n a t io n a l  o r g a n iz a t io n s  c o n c e r n in g  
fr o z e n  v e g e ta b le s ,  in d ic a te  a s e r io u s  la c k  o f  o b je c t iv e  a s se s s m e n ts  fo r  th e  
q u a li ty  o f  th e  p r o c e s s e d  p r o d u c t .  In a n s w e r  t o  a r e q u e s t  o f  th e  C odex A li- 
m entarius  G r o u p  o f  E x p e r ts  fo r  th e  S ta n d a r d iz a t io n  o f  Q u ic k  F r o z e n  F o o d  
P r o d u c ts , a r e se a r c h  h a s  b e e n  ca rr ied  o u t  in t o  q u a li ty  c h a n g e s  in  f r o z e n  v e g e 
ta b le s .

S e v e ra l a u th o r s  (D ie tr ic h , 1 9 5 7 ; G u a d a g n i, 1 9 6 1 ,  1 9 6 8 ; G u a d a g n i  & F e n s te l ,  
1 9 6 1 )  in d ic a te  th a t  fr o z e n  v e g e ta b le s  m a in ta in  th e ir  q u a lity  fo r  a t le a s t  o n e  
y e a r , i f  s to r e d  a t p r o p e r  te m p e r a tu r e s . F r o m  th e  a u th o r s ’ o w n  e x p e r ie n c e ,  
h o w e v e r , th e  q u a li ty  o f  in d u s tr ia lly  p r o c e s s e d  v e g e ta b le s  s h o w s  s tr ik in g  v a r i
a t io n s  w ith in  t h e  f ir s t  y e a r  o f  s to r a g e .

T h e  p u r p o s e  o f  t h e  u n d e r ly in g  w o r k  is  to  d is c o v e r  th e  e x t e n t  o f  q u a li ty  
c h a n g e s  o f  f r o z e n  B r u sse ls  s p r o u ts  in  p r a c t ic a l c o n d it io n s  o f  s to r a g e  t im e  and

C orresp onden ce to : E. S te in bu ch , Sprenger In s ti tu u t, Haagsteeg 6, 6 7 0 0  AA W ageningen, 
T he N etherlands.
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t e m p e r a tu r e  a n d  th e  d e v e lo p m e n t  o f  c r ite r ia  fo r  o b je c t iv e  a s se s s m e n t . S e n s o r y  
c h a r a c te r is t ic s  are  in h e r e n t ly  im p o r ta n t  in d ic a to r s  fo r  q u a li ty .  H o w e v e r ,  
u n c e r t a in t ie s ,  as r e la te d  t o  th e  in te r p r e t a t io n  o f  th e  r e s u lts  o f  s e n s o r y  t e s t s ,  
a n d  th e ir  la b o r io u s  n a tu r e  e n f o r c e  th e  d e v e lo p m e n t  o f  fe a s ib le  o b je c t iv e  
c r ite r ia . A  n o n -s e n s o r y  c h a r a c te r iz a t io n  o f  a f r o z e n  p r o d u c t  w ith  s u ita b le  
m e t h o d s  fo r  th e  d e te r m in a t io n  o f  q u a l i ty  c o u ld  c e r ta in ly  p r o v id e  fo r  a  s u b 
s ta n t ia l  n e e d .

T h e r e f o r e ,  a  n u m b e r  o f  p h y s ic a l  a n d  c h e m ic a l  p a r a m e te r s  w a s  d e te r m in e d ,  
in c lu d in g  h a r d n e ss , c o lo u r  a n d  a s c o r b ic  a c id . In  o r d e r  t o  o b ta in  m e a s u r a b le  
c h a n g e s  in  a l im ite d  t im e ,  th e  e x tr e m e  s to r a g e  te m p e r a tu r e  o f  - 4 ° C  h a s  b e e n  
in c lu d e d . M ic r o b io lo g ic a l  t e s t s  h a v e  b e e n  ca rr ied  o u t ,  m a in ly  in  v ie w  o f  th e  
a p p lic a t io n  o f  th is  h ig h  te m p e r a tu r e . In  o r d e r  t o  c h a r a c te r iz e  t h e  a p p lie d  
d e g r e e  o f  b la n c h in g , e n z y m e  a c t iv it ie s  w e r e  d e te r m in e d  b e fo r e  a n d  a fte r  
b la n c h in g . E n z y m e  r e s id u a l a c t iv ity  d u r in g  s to r a g e  h a s  b e e n  s tu d ie d  in  v ie w  
o f  th e  p o s s ib i l i ty  o f  b la n c h in g  c h a r a c te r iz a t io n  a f te r  p r o lo n g e d  s to r a g e . In  
p a rt I o f  th e  in v e s t ig a t io n , t h e  r e su lts  o f  s e n s o r y  e v a lu a t io n s  a n d  e n z y m e  
a c t iv ity  d e te r m in a t io n s  are g iv e n  in  f u n c t io n  o f  s to r a g e  t im e  a n d  te m p e r a tu r e .

E x p e r i m e n t a l

M aterials

1 5 0  k g  o f  B r u sse ls  s p r o u ts ,  c u lt iv a r  P a rc iv a l, w e r e  s iz e  g ra d ed  t o  2 . 5 —3 cm  
a n d  c le a n e d  a t t h e  a u c t io n  M ie r lo  (N e th e r la n d s )  o n  2 7  O c to b e r  1 9 7 5 .

T h e  s p r o u ts  w e r e  s to r e d  o v e r n ig h t  a t 3 ° C . B la n c h in g  w a s  p e r fo r m e d  th e  
n e x t  d a y  fo r  3 .5  m in  in  w a te r  a t a te m p e r a tu r e  o f  9 8 ° C . T h e  b la n c h in g  t im e  
s ta r te d  a f te r  a p p r o x im a te ly  4  m in , w h e n  th e  te m p e r a tu r e  o f  th e  b la n c h in g  
w a te r  h a d  ag a in  in c r e a s e d  t o  th e  d e s ir e d  le v e l .  T h e  f r e e z in g  o f  th e  s p r o u ts  a t  
—38 °C  w a s  c o m p le t e d  w ith in  2 h r  in  a tu n n e l  fr ee zer .

A f te r  m ix in g , t h e  p r o d u c t  w a s  p a c k e d  in  c a r to n s , e a c h  c o n t a in in g  2 5 0  g. 
T h e  p a c k e d  c a r to n s  w e r e  s to r e d  in  th r e e  fr e e z e  c o n ta in e r s  a t — 4 , — 9 a n d  

1 8 ° C , e a c h  c o n t a in in g  1 2 6  c a r to n s .

Sam pling

E v e r y  3 w e e k s  s a m p le s  o f  2  k g  ( e ig h t  c a r to n s )  w e r e  ta k e n  at r a n d o m  fr o m  
e a c h  o f  t h e  th r e e  f r e e z e  c o n t a in e r s .  T h e  f ir s t  s a m p lin g  ( z e r o  t im e )  w a s  o n e  
w e e k  a f t e r  fr e e z in g . A f t e r  e a c ii  s a m p lin g , th e  c a r to n s  w ere  r e p la c e d  b y  f r o z e n  
d u m m ie s  t o  a v o id  d is tu r b a n c e  o f  te m p e r a tu r e  e q u ilib r iu m  in  th e  fr e e z e  
c o n ta in e r s .

S a m p le s  fr o m  e a c h  s to r a g e  te m p e r a tu r e  w e r e  m ix e d  s e p a r a te ly  in  a s te r i le  
r o o m  a n d  d iv id e d  in t o  s u b sa m p le s  fo r  a n a ly s is  o f  h a r d n e ss , c o lo u r  — b o t h  b e f o r e
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a n d  a f te r  c o o k in g  — b a c te r ia l  c o u n t ,  a s c o r b ic  a c id , s e n s o r y  a t t r ib u te s  a n d  
e n z y m e  a c t iv ity .

Sen sory  evaluation

P r e p a r a t io n s  o f  t h e  fr o z e n  s p r o u t  s a m p le s  w e r e  m a d e  b y  c o o k in g  7 0 0  g  o f  
th e  p r o d u c t  in  2 5 0  m l o f  ta p  w a te r , w it h  a n  o r ig in a l t e m p e r a tu r e  o f  c. 1 5 °C .  
T h e  p a n s  w it h  th is  c o n t e n t  w e r e  h e a te d  o n  e le c tr ic  p la te s . W ith in  a p p r o x im a te ly  
7 - 8  m in  th e  w a te r  s ta r te d  t o  b o i l  a n d  a t  th is  m o m e n t  th e  c o o k in g  t im e  o f  
5 m in  w a s  c o n s id e r e d  t o  h a v e  c o m m e n c e d .  D u r in g  t h e  w h o le  h e a t in g  tr e a t 
m e n t  t h e  p a n s  w e r e  c lo s e d  b y  f i t t in g  l id s  a n d  th e  c o n t e n t  w a s  s h a k e n  u p  
s e v e r a l t im e s  in  o r d e r  t o  s t im u la t e  reg u la r  h e a t in g  o f  t h e  in d iv id u a l s p r o u ts . 
A  tr a in e d  p a n e l  o f  s ix  t o  e ig h t  p e r s o n s  s u b s e q u e n t ly  e v a lu a te d  th e s e  sa m p le s  
fo r  c o lo u r ,  t e x t u r e  a n d  f la v o u r . T h e  a p p lie d  e v a lu a t io n  s y s t e m  w a s  b a se d  o n  
t h e  d iv is io n  o f  th e  p r o d u c t  in t o  th r e e  m a in  q u a l i ty  g r o u p s :  g o o d ,  a c c e p ta b le  
a n d  in fe r io r .  E a c h  m a in  q u a li ty  g r o u p  is  s u b d iv id e d  in  th r e e  s e c t io n s ,  a c c o r d in g  
t o  th e  K a r lsru h e  s c h e m e  (G u ts c h m id t ,  1 9 5 1 ;  P a u lu s , G u ts c h m id t  &  F lic k e r ,
1 9 6 9 )  fo r  s e n s o r y  q u a l i ty  e v a lu a t io n  o f  fo o d s :

6 I
5 a c c e p ta b le  
4  )

3 I2  in fe r io r  
1 )
T h e  f r e q u e n c y  o f  j u d g e m e n ts ,  e v a lu a te d  b y  t h e  p a n e l  m e m b e r s , d iv id e d  o v e r  
t h e  th r e e  m a in  c a te g o r ie s , g o o d ,  a c c e p ta b le ,  a n d  in fe r io r , is  g iv e n  fo r  ea c h  
s a m p le . In  o r d e r  t o  e x a m in e  th e  s ig n if ic a n c e  o f  t h e  e f f e c t  o f  t h e  s to r a g e  t im e  
o n  th e  s e n s o r ic  q u a l i ty  o f  f r o z e n  s p r o u ts  a t d i f f e r e n t  te m p e r a tu r e s , th e  te s t  
o f  J o n c k h e e r e  (L e h m a n , 1 9 7 4 )  is  u s e d . T h is  n o n -p a r a m e tr ic  t e s t  is  a p p r o p r ia te  
f o r  in d ic a t in g  in c r e a se  o r  d e c r e a s e  o f  t h e  m e a n  ra n k s.

E n zy m e  ex tra c tio n

A  la b o r a to r y  s a m p le  ( 2 0 0  g ) w a s  h o m o g e n iz e d  w ith  4 0 0  m l 0 .0 5  m p h o s p h a te -  
b u f fe r  p H  7 .0  c o n t a in in g  2% g lu c o s e  a n d  2% s o d iu m  c h lo r id e  ( la b o r a to r y  
h o m o g e n iz e r ) .  A  c o n v e n ie n t  p a rt o f  t h e  h o m o g e n a t e  w a s  fu r th e r  c o m m in u t e d  
in  a h ig h  s p e e d  b le n d e r  ( t y p e  E d m u n d  B u h le r )  u n d e r  c a r e fu l ly  c o n t r o l le d  c o n 
d i t io n s  ( 1 5  s e c  m a x im u m  s p e e d  -  15 s e c  s t o p  — 15 s e c  m a x im u m  s p e e d ; c h il l in g  
w it h  ic e -w a te r ) .

g o o d

13
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E n zy m e  a c tiv ity

P eroxidase ac tiv ity . P art o f  t h e  h o m o g e n a t e  w a s  c le a r e d  a t 4 8  0 0 0  g  fo r  
2 0  m in  a t 4 ° C  (M S E  h ig h  s p e e d  c e n tr ifu g e ) .  P e r o x id a s e  a c t iv ity  in  th e  c lea r  
s u p e r n a ta n t  w a s  m e a s u r e d  a c c o r d in g  t o  L u c k  ( 1 9 6 5 )  in  s u c h  a w a y  th a t  t h e  
in c r e a s e  in  o p t ic a l  d e n s i ty  w a s  r e c o r d e d  a t 2 5 ° C  (B e c k m a n n  D B G T  s p e c tr o 
p h o t o m e t e r  w i t h  a th e r m o s t a t e d  c e l lh o u s e ) .  B e c a u s e  o f  an  o c c a s io n a lly  o c c u r 
r in g  la g -t im e  th e  r e c o r d in g  h a d  t o  b e  f o l lo w e d  o v e r  10  m in , e s p e c ia l ly  a t lo w  
a c t iv it ie s .  O n e  a rb itra ry  u n it  o f  p e r o x id a s e  a c t iv it y  is  d e f in e d  as an  in c r e a se  in  
o p t ic a l  d e n s i t y  e q u a l t o  o n e  in  1 m in .

Catalase ac tiv ity . U s in g  a  G ils o n  O x y g r a p h  e q u ip p e d  w it h  a C lark  o x y g e n  
e le c tr o d e  th e  l ib e r a t io n  o f  fr e e  0 2 fr o m  a s o d iu m p e r b o r a te  s u b s tr a te  w a s  
r e c o r d e d  a g a in s t  t im e ,  a c c o r d in g  t o  G o ld s te in  ( 1 9 6 8 ) .

T h e  B id d e r  h o m o g e n a t e  fr o m  fr e sh  m a te r ia l (h ig h  c a ta la s e  a c t iv it y )  h a d  t o  b e  
d ilu te d  w ith  b u f fe r  t o  0 .3  m g  d ry  w e ig h t /m l  o r  le s s , a n d  0 .5 0  m l o f  th e  d ilu te d  
s u s p e n s io n  w a s  ta k e n  fo r  a n a ly s is . T h e  h o m o g e n a t e  fr o m  b la n c h e d  m a te r ia l  
w a s  u se d  u n d ilu te d . O n e  in te r n a t io n a l  u n it  ( I U )  o f  c a ta la se  l ib e r a te d  0 .5  X lO “6 
M o l 0 2 /m in .

L ip oxygenase  ac tiv ity . T o  c h e c k  l in e a r ity ,  a d i lu t io n  se r ie s  c o n ta in in g  a b o u t  
5 ,  1 0 , 2 0  a n d  4 0  m g  d ry  w e ig h t  in  1 m l w a s  m a d e  fr o m  th e  B iih le r  h o m o 
g e n a te  ( fr e s h  o r  b la n c h e d )  an d  e q u ilib r a te d  t o  th e  air a t 3 0 ° C  0 .7 0  m l p h o s p h a te  
— b u f fe r  p H  7 .0  (e q u i l ib r a te d  t o  th e  air a t 3 0 ° C )  a n d  0 .2 0  m l su b s tr a te  s o lu t io n  
( 3 2  m M  l in o le ic  a c id  a n d  1% T W E E N -2 0  in  0 .0 5  m  B o r a te  b u f fe r  p H  9 .0  fr e s h ly  
p r e p a r e d  e v e r y  w e e k  and  s to r e d  u n d e r  n it r o g e n )  w e r e  b r o u g h t  to g e t h e r  in  th e  
C lark  e le c tr o d e  v e s s e l. T h e  r e a c t io n  w a s  s ta r te d  w ith  0 .5 0  m l o f  th e  d i lu te d  o r  
u n d ilu te d  h o m o g e n a te .  T h e  p H  o f  th e  r e a c t io n  m ix t u r e  h a d  t o  b e  7 .5 .  O n e  
in te r n a t io n a l  u n it  o f  l ip o x y g e n a s e  a c t iv ity  c a ta liz e d  th e  c o n s u m p t io n  o f  10"6 
M o l 0 2 p e r  m in .

R e s u l t s  a n d  d is c u s s io n

Sensory  evaluation
T a b le  1 s h o w s  th e  r e su lts  o f  th e  s e n s o r y  t e s t s ,  w h ic h  w e r e  p e r fo r m e d  fo u r te e n  

t im e s  w ith in  a p e r io d  o f  11 m o n th s .  T h e  f r e q u e n c y  d is tr ib u t io n  in d ic a te s  a 
la rg e  v a r ia t io n  a t e v e r y  e v a lu a t io n  s e s s io n . T h e  r e a so n s  fo r  th is  ra th er  se r io u s  
v a r ia t io n  m ig h t  b e  th e  ‘w it h in  s a m p le ’ v a r ia t io n  and  th e  e f f e c t  o f  th e  in d iv id u a l  
in te r p r e t a t io n s  o f  th e  e v a lu a t io n  s y s te m  b y  th e  m e m b e r s  o f  th e  e v a lu a t io n  
p a n e l . N o t w it h s t a n d in g  th is  large v a r ia t io n , th e  r e su lts  o f  th e  e v a lu a t io n  te s t s  
in d ic a te  o b v io u s  c h a n g e s  in  s o m e  q u a l i ty  a s p e c t s  o f  f r o z e n  B r u sse ls  s p r o u ts ,  
o v e r  v a r io u s  s to r a g e  t im e s  and  at v a r io u s  te m p e r a tu r e s .

T h e  r e s u lts  o f  s ta t i s t ic a l  t e s t s ,  a c c o r d in g  t o  L e h m a n  ( 1 9 7 4 )  are g iv e n  in  
T a b le  2 . T h e  d e c r e a s e  fr o m  ‘g o o d ’ t o  ‘in fe r io r ’ o f  th e  c o lo u r  a n d  f la v o u r  o f  
s p r o u ts  s to r e d  at —4 ° C  and  at —9 ° C  and  th e  t e x tu r e  o f  s p r o u ts  s to r e d  at —■4 ° C  
p r o v e d  t o  b e  s ig n if ic a n t .
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S p r o u ts  s to r e d  a t —<4 ° C  r a p id ly  s h o w e d  d u ll  o liv e - l ik e  d is c o lo u r a t io n s .  W h en  

s to r e d  a t —9 ° C , th e  ‘c o lo u r ’ d e c r e a se d  m o r e  s lo w ly ;  a fte r  3  m o n th s  a fa ir ly  
g o o d  c o lo u r  c o u ld  s t i l l  b e  o b s e r v e d , b u t  g ra d u a l d is c o lo u r a t io n  o c c u r r e d  
d u r in g  th e  n e x t  8  m o n th s .  N o  d e te c ta b le  c h a n g e s  o c c u r  in  s p r o u ts  s to r e d  at
— 1 8 °C .

T h e  t e s t s  fo r  f la v o u r  s h o w  s im ila r  r e s u lts ;  s p r o u ts  s to r e d  a t —4 ° C  d e v e lo p  an  
o f f  f la v o u r  o b v io u s ly  d u e  t o  b a c te r ia l  s p o ila g e  (T ijs k e n s  e t al., 1 9 7 9 ) .  T h e  
m o r e  g r a d u a lly  d e v e lo p in g  o f f - f la v o u r s  in  s p r o u ts , s to r e d  a t - 9 ° C  c o in c id e  w it h  
a d e c r e a se  in  a s c o r b ic  a c id  c o n t e n t  (T ijs k e n s  e t al., 1 9 7 9 ) .  S p r o u ts  s to r e d  a t
— 1 8 °C  d o  n o t  d e v e lo p  o f f - f la v o u r s  a t a ll. H o w e v e r , at th e  en d  o f  th e  s to r a g e  
p e r io d  a s lig h t  d e c r e a s e  o f  f la v o u r  c o u ld  b e  o b se r v e d .

A s  i t  c a n  b e  c o n c lu d e d  fr o m  T a b le  2 ,  f r o z e n  s p r o u ts  d o  n o t  e x h ib it  im p o r ta n t  
c h a n g e s  in  t e x t u r e  d u r in g  a s to r a g e  t im e  o f  a p p r o x im a te ly  11 m o n th s  a t —9 o r
— 1 8 °C . H o w e v e r  w h e n  th e  s p r o u ts  are s to r e d  a t —4 ° C  a ra p id  s o f t e n in g  ca n  b e  
o b s e r v e d , w h ic h  m a y  b e  th e  r e su lt  o f  sp o ila g e .

E n zy m e  inactiva tion  b y  blanching

T h e  c a ta la se  an d  p e r o x id a s e  a c t iv it ie s  in  fre sh  B r u sse ls  s p r o u ts  a p p e a r  t o  b e  
s u f f ic ie n t  fo r  c h e c k in g  a n o r m a l b la n c h in g  tr e a tm e n t  b y  m e a n s  o f  th e  r e s id u a l  
e n z y m e  a c t iv ity .  D u r in g  b la n c h in g , c a ta la se  and  p e r o x id a s e  w e r e  in a c t iv a te d  to  
r e s p e c t iv e ly  <  0 .0 5 %  and  0 .5%  o f  th e  o r ig in a l a c t iv ity  (T a b le  3 ) .  L in d q u is t  e t 
al. ( 1 9 5 1 )  in d ic a te d  a  s ig n if ic a n t  q u a l i t y  d e te r io r a t io n  d u r in g  1 0  m o n t h s  o f  
fr o z e n  s to r a g e  a fte r  a b la n c h in g  tr e a tm e n t  r e su lt in g  in  a 2%  c a ta la se  a n d  12%  
p e r o x id a s e  r e s id u a l a c t iv ity .  S a m p le s  w i t h  a r e s p e c t iv e ly  ‘z e r o ’ a n d  0 .0 4 %  
r e s id u a l a c t iv ity  w e r e  ju d g e d  as ‘g o o d ’.

D u e  t o  th e  lo w  m e a su r a b le  l ip o x y g e n a s e  a c t iv ity  in  th e  fr e sh  p r o d u c t ,  th is  
e n z y m e  is le s s  s u ita b le  as a b la n c h in g  p a r a m e te r  fo r  fr o z e n  B r u sse ls  s p r o u ts . In  
h o w  far th e  q u a li ty  d e te r io r a t io n  o f  fr o z e n  B r u sse ls  s p r o u ts  d u r in g  s to r a g e  a t 
—9 ° C  m ig h t  d e p e n d  o n  a r e m a in in g  l ip o x y g e n a s e - l ik e  a c t iv ity  is a c tu a l ly  
u n k n o w n .

E n zy m e  a c tiv ity  during storage

In  F ig . 1 t h e  v a lu e s  o f  th e  r e s id u a l a c t iv it ie s  o f  th e  th r e e  e n z y m e s  are p lo t t e d  
a g a in st  s to r a g e  t im e . L ip o x y g e n a s e  r e s id u a l a c t iv ity  r e m a in e d  o n  a lo w  a n d  
c o n s t a n t  le v e l fo r  12  w e e k s  a n d  w a s  n o t  in v e s t ig a te d  fu r th e r . D u r in g  s to r a g e  
at - 9 ° C  an d  a t -  1 8 °C  p e r o x id a s e  a c t iv ity  d id  n o t  c h a n g e  s ig n if ic a n t ly ,  w h ile  
c a ta la se  a t 1 8 °C  r e m a in e d  b e lo w  th e  s e n s i t iv i ty  l im it .  F u r th e r m o r e  th e  
v a r ia n ce  in  p e r o x id a s e  and  c a ta la se  a c t iv ity  b e tw e e n  c u lt iv a r  v a r ie t ie s  s e e m s  t o  
b e  lo w  e n o u g h  t o  d e r iv e  a g e n e r a l v a lu e  fo r  th e  e n z y m e  a c t iv ity  in  fr e sh  B r u sse ls  
s p r o u ts  ( s e e  T a b le  4 ) .  S o , b la n c h in g  in t e n s i t y  m a y  b e  e s t im a te d  in  a fr o z e n  
p r o d u c t  o f  u n k n o w n  o r ig in  u s in g  th e  r e s id u a l a c t iv ity  o f  th e s e  e n z y m e s .  T h e
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Table 3. Enzyme inactivation during blanching of Brussels sprouts at 98°C for 3.5 min

A ctiv ity  
(fre sh  p ro d u c t)

A ctiv ity  afte r 
b lanching

Sensitiv ity
lim it

R elative 
s tandard  
dev iation  
o f analysisc
(%)

C atalase3 660 ± 210d < 0 .3 0.3 10.1
L ipoxy genase3 4 ± 2 1 ± 0.1 0.1 10.7
P erox idase*3 1300 ± 200 6.5 ± 0.5 0.5 4.3

a. In te rn a tio n a l u n its  per gram  dry  m a tte r.
b. A rb itra ry  u n its  per gram  dry  m a tte r  (see te x t) .
c. D e te rm ined  fo r ac tiv ities ten  tim es th e  sensitiv ity  lim it.
d. C onfiden ce lim its  are given fo r  a  = 0 .05 .

s ig n if ic a n c e  o f  s u c h  an e s t im a t io n  d e p e n d s  o n  th e  te m p e r a tu r e  h is to r y  d u r in g  
s to r a g e  in  fr o z e n  c o n d i t io n .  T h u s  th e  s tr ik in g  r ise  o f  c a ta la se  a c t iv ity  a f t e r  6 
w e e k s  a t  —4 ° C  is  n o t  d u e  t o  in s u f f ic ie n t  b la n c h in g  b u t  t o  n e w ly  fo r m e d  
b a c te r ia l c a ta la se  as i t  c o in c id e s  w i t h  a s tr o n g  in c r e a s e  in  b a c te r ia l  c o u n ts  
(T ijs k e n s  e t al., 1 9 7 9 ) .  T h e  a p p a r e n t r e a c t iv a t io n  o f  p e r o x id a s e  d u r in g  th e  fir s t  
6 w e e k s  a t —4 ° C  m a y  b e  c a u se d  b y  m o u ld  g r o w th . A f te r  9  w e e k s  a t  —4 ° C  th e  
sa m p le s  w e r e  o b v io u s ly  m o u ld e d .

E n zy m e  a c tiv ity  as a q u a lity  param eter
B o th  s u f f ic ie n t  b la n c h in g  an d  s to r a g e  a t a  s u f f ic ie n t ly  lo w  te m p e r a tu r e  are 

e s s e n t ia l  fo r  q u a l i t y  r e te n t io n . P e r o x id a s e  a n d  c a ta la s e  r e s id u a l a c t iv it ie s

Figure 1. E nzym e residual ac tiv ity  o f  b lanched  and fro zen  Brussels sp rou ts
during  storage at th ree  tem p era tu res . -  . —, Perox idase - 4 ° C ; -------- , Peroxidase
—9 ° C ; ------, Perox idase 1 8 ° C ; --------, C atalase - 4 ° C ; -------- , C atalase —9°C ;
......... , L ipoxygenase - 4 , - 9  and -1 8 °C .
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Table 4. E nzym e ac tiv ity3 in fresh  Brussels sp ro u ts  o f  d iffe ren t origin

Catalase L ipoxygenase Peroxidase

C ultivar
Parcival 1975 660 4.0 1300
L u net 1976 310 2.3 1800
P erfec t Line 1976 4 10 1.9 1010
C itadel 1977 640 0.9 1410
L eonor 1977 710 0.9 1010
U nknow n 1977 370 2.0 1210

M ean 517 2.0 1290
Square ro o t o f  variance 172 1.14 296

a. F o r d e fin itio n  see T able 3.

p r o v e  t o  b e  u s e fu l  o b je c t iv e  p a r a m e te r s  fo r  th e  b la n c h in g  p r o c e s s  a n d  th e r e 
fo r e  fo r  th e  q u a l i t y  r e t e n t io n  d u r in g  s to r a g e .

H o w e v e r , th e  in te r p r e t a t io n  o f  th e  m e a su r e d  r e s id u a l a c t iv it ie s  d e p e n d s  
u p o n  th e  m ic r o b ia l  in te g r ity  o f  th e  fr o z e n  p r o d u c t .  S a m p le s , s h o w in g  a d e t e c 
ta b le  c a ta la se  a c t iv ity ,  s h o u ld  a lw a y s  b e  s u b je c te d  t o  m ic r o b io lo g ic a l  in v e s t i 
g a t io n .
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a n d  m ic r o b io lo g ic a l  g r o w t h

L. M . M . T I J S K E N S , P . C . K O E K , M . A . V A N  D E R  M E E R ,
E . P . H . M . S C H IJ V E N S  a n d  Y . D E  W IT T E

S u m m a r y

B r u sse ls  s p r o u ts  w e r e  s to r e d  a t —1 8 ° C , —9 ° C  a n d  —4 ° C . D u r in g  th is  s to r a g e ,  
th e  c o lo u r  o f  w h o le  B r u sse ls  s p r o u ts  an d  B r u sse ls  s p r o u ts  s lu r r y , m e a s u r e d  as  
th e  g r e e n n e s s  (H u n te r  — a v a lu e ) ,  d e c r e a s e d , p r o b a b ly  c a n  b e  d e sc r ib e d  a s  a fir s t  
o r d e r  d e c a y . T h e  r e f le c t io n  a t 6 8 0  n m  o f  B r u sse ls  s p r o u t  s lu rry  m e a su r e s  
p o s s ib ly  th e  c o n s ta n t  su m  o f  c h lo r o p h y l l  a n d  p h e o p h y t in .  T h is  c a n  b e  a  u s e f u l  
in d ic a t io n  o f  th e  in it ia l  c o lo u r  o f  th e  p r o d u c t . A lso  th e  a s c o r b ic  a c id  c o n t e n t  
c a n  b e  a u s e f u l  q u a l i ty  in d e x ,  p r o v id e d  th e  in it ia l  le v e l  is  k n o w n .

A lt h o u g h  n o t  a v e r y  s e n s it iv e  o n e ,  th e  sh e a r  fo r c e  s e e m s  t o  b e  th e  m o s t  
r e lia b le  t e x tu r a l  p a r a m e te r .

F r o m  m ic r o b io lo g ic a l  p o in t  o f  v ie w , a  s to r a g e  te m p e r a tu r e  o f  ^ 1 8 ° C  as w e l l  
as —9 ° C , is q u it e  a c c e p ta b le .

I n t r o d u c t i o n

In  th e  f ir s t  p a r t o f  th is  p u b lic a t io n  ( S t e in b u c h  e t al., 1 9 7 9 ) ,  th e  s e n s o r y  c h a r a c 
te r is t ic s  a n d  th e  r e s id u a l e n z y m e  a c t iv it ie s  o f  f r o z e n  B r u sse ls  s p r o u ts , s to r e d  a t 
th r e e  d if f e r e n t  t e m p e r a tu r e s , w e r e  r e p o r te d , a n d  th e  im p o r ta n c e  o f  o b je c t iv e  
q u a li ty  p a r a m e te r s  w a s  s tr e s se d . In  th is  p a r t , th e  b e h a v io u r  o f  fo u r  o b je c t iv e  
q u a li ty  p a r a m e te r s , m e a su r e d  d u r in g  th e  sa m e  s to r a g e  p e r io d , is  r e p o r te d .

It is  lo n g  s in c e  k n o w n  th a t  c o n v e r s io n  o f  c h lo r o p h y l l  t o  p h e o p h y t in  ta k e s  
p la c e  in  v e g e ta b le s  d u r in g  fr o z e n  s to r a g e  (D ie tr ic h  e t al., 1 9 5 7 ;  D ie tr ic h  e t  al., 
1 9 5 9 ;  D ie tr ic h , H u x s o l l  &  G u a d a g n i, 1 9 7 0 ;  E h e a r t &  O d la n d , 1 9 7 3 ;  W alk er , 
1 9 6 4 ;  H u d s o n , S h a r p ie s  &  G r e g o r y , 1 9 7 4 )  a n d  s t e r i l iz a t io n  (G o ld  &  W e c k e l,  
1 9 5 9 ) .  I t is  a lso  k n o w n  th a t  th is  c o n v e r s io n  ca n  b e  m e a su r e d  as a c h a n g e  in  
s e n s o r ic a l  a p p e a r a n c e  (W a lk er , 1 9 6 4 )  and  p h y s ic a l  c o lo u r  (D ie tr ic h  e t al., 
1 9 5 7 ;  D ie tr ic h  e t al., 1 9 5 9 ;  G o ld  &  W e c k e l, 1 9 5 9 ) .  A s  a p p le s  d u r in g  r ip e n in g  
s h o w  a s u b s ta n t ia l  in c r e a s e  in  l ig h t  r e f le c t io n  a t 6 8 0  n m  (A d r ia a n s e , 1 9 6 8 ) ,  
i t  w a s  e x p e c t e d  th a t  th e  H u n te r  p a r a m e te r s  as w e l l  as th e  r e f le c t io n  a t 6 8 0  n m  
c o u ld  serv e  as v a lu a b le  q u a li ty  in d e x e s .
A u th o rs’ address: Sprenger In s ti tu u t, H aagsteeg 6, 670 0  AA W ageningen, T h e N e therland s.
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T h e  a s c o r b ic  a c id  c o n t e n t  a lso  h a s  b e e n  in v e s t ig a te d  b y  sev e r a l a u th o r s  fo r  

i t s  u s e f u ln e s s  a s  a  q u a l i ty  p a r a m e te r  ( D ie tr ic h ,  H u x s o l l  &  G u a d a g n i, 1 9 7 0 ;  
E h e a r t  &  O d la n d , 1 9 7 3 ;  A b r a m s , 1 9 7 5 ;  B le g e n  &  R o g n e r u d , 1 9 7 2 ;  H u d s o n  
e t al., 1 9 7 4 ; P i m m , 1 9 7 3 ;  W o y k e  &  M a k o w s k i, 1 9 6 8 ) .

A l t h o u g h  t e x t u r e  is  c o m m o n ly  c o n s id e r e d  as a p r o p e r ty  o f  v e g e ta b le s  
im p o r ta n t  t o  th e  c o n s u m e r , in  r e c e n t  l ite r a tu r e  th e r e  is l i t t le ,  i f  a n y  r e se a r c h  
r e p o r te d , d e v o te d  t o  th e  m e a s u r e m e n t  o f  t e x t u r e  o f  B r u sse ls  s p r o u ts . T h e  
in s tr u m e n ta l  m e th o d s  c h o s e n  w e r e  th e  K r a m e r  sh e a r  p r ess  a n d  t e x t u r e  p r o f i le  
a n a ly s is . T h e  f ir s t  m e t h o d  w a s  c h o s e n  b e c a u s e  o f  i t s  u n iv e rsa l a p p lic a b il i ty ,  
th e  s e c o n d  o n e  b e c a u s e  o f  i t s  m o r e  fu n d a m e n ta l  a s p e c ts .

T h e  m ic r o b io lo g ic a l  t e s t s  h a v e  m a in ly  b e e n  ca rr ied  o u t  in  v ie w  o f  th e  a p p li
c a t io n  o f  r a th er  h ig h  t e m p e r a tu r e s . N e v e r th e le s s ,  t h e y  ca n  p r o v id e  u s e f u l  
in fo r m a t io n  a b o u t  th e  e f f i c a c y  o f  th e  b la n c h in g  a n d  f r e e z in g  t r e a tm e n ts .

M a te r ia l s  a n d  m e t h o d s

M a ter ia ls  and  s a m p lin g  te c h n iq u e s  are d e sc r ib e d  in  th e  f ir s t  p a rt o f  th is  p u b li
c a t io n  ( S t e in b u c h  e t al., 1 9 7 9 ) .

C olour m ea surem ents  on w h o le  Brussels sprou ts

C o lo u r  m e a s u r e m e n ts  w e r e  ca rr ied  o u t  w ith  a H u n te r L A B , m o d e l  D 2 5 D 2 P .  
B e c a u s e  o f  th e  sm a ll  s iz e  o f  th e  p r o d u c t  ( 2 5 —3 0  m m ) ,  th e  d ia m e te r  o f  th e  
r e f le c t io n  e x i t  p o r t  w a s  r e d u c e d  w it h  a b la c k  s h e e t  fr o m  2 8  m m  t o  2 0  m m . T h e  
m e a s u r e d  r e f le c t io n  v a lu e s  fo r  Y, X  an d  Z  w e r e  c o r r e c te d  fo r  th is  sm a ll  d ia m e te r  
e x i t  p o r t  w i t h  th e  f o l lo w in g  fo r m u la :

R c o r = ( R - R bs) ~ wn
^ w s  -*^bs

w h e r e  R  =  r e f le c t io n  {Y , X , Z  r e s p e c t iv e ly )  
in d e x  b  =  b la c k  s ta n d a r d  t i le  

w  =  w h ite  s ta n d a r d  t i le  
s =  sm a ll  e x i t  p o r t  
n =  n o r m a l e x i t  p o r t

F r o m  th e  c o r r e c te d  Y, X  an d  Z  v a lu e s , th e  H u n te r  L, a a n d  b w e r e  c a lc u la te d  
a n d  fr o m  L, a, b o t h e r  d e r iv e d  p a r a m e te r s .

F r o m  e a c h  sa m p le  o f  B r u sse ls  s p r o u ts , o n e  p a r t w a s  m e a su r e d  a f te r  15  m in  
th a w in g  in  w a te r  o f  1 5 ° C , th e  o th e r  p a r t a f te r  5 m in  c o o k in g  in  b o i l in g  w a te r . 
E a c h  B r u sse ls  s p r o u t  w a s  m e a s u r e d  o n  fiv e  d i f f e r e n t  s p o ts :  f o u r  e q u a to r ia l  a n d  
o n e  o n  th e  to p . T h e  f ir s t  m e a s u r e m e n t  o n  e a c h  w a s  m a d e  o n  th e  s p o t  th a t  
a p p e a r e d  t h e  m o s t  g reen .
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C olour m ea surem en ts  on  m ix e d  spro u ts

In  an  A E G  m ix e r ,  1 0 0  g  o f  B r u sse ls  s p r o u ts  w e r e  m ix e d  w i t h  1 0 0  g  d is t i l le d  
w a te r  fo r  5  m in  a t m a x im u m  s p e e d  ( in  d u p l ic a te ) .  T h e  s lu rry  o f  p r o d u c t  a n d  
w a te r  w a s  p o u r e d  in t o  a g la ss  c e l l  ( 1 0  m m  lig h t  p a th )  a n d  d e b u b b le d . T h e  
r e f le c t io n  a t 6 8 0  n m  w a s  m e a su r e d  a t b o t h  s id e s  o f  th e  c e l l  w i t h  a  B a u s c h  &  
L o m b  s p e c t r o p h o t o m e t e r  ( m o d e l  5 0 5 ) ,  e q u ip p e d  w i t h  a  r e f le c t io n  s p h e r e ,  
W ith  th e  H u n te r  c o lo u r  m e te r , th e  L, a an d  h v a lu e s  w e r e  a lso  m e a s u r e d  a t  b o t h  
s id e s  o f  th e  c e l l .

A sco rb ic  acid co n ten t

F o r  a s c o r b ic  a c id  d e te r m in a t io n , 1 0 0  g  o f  B r u sse ls  s p r o u ts  w e r e  m ix e d  in  a 
W arin g b le n d o r  w it h  2 0 0  g  o f  2% m e ta p h o s p h o r ic  a c id . A s c o r b ic  a c id  ( A A )  and  
A A  +  d e h y d r o a s c o r b ic  a c id  ( D A A )  w e r e  d e te r m in e d  t i t r im e tr ic a l ly  a c c o r d in g  to  
Z o n n e v e ld  ( 1 9 6 3 ) .

T ex tu re

O f  e a c h  s a m p le  o f  B r u sse ls  s p r o u ts , o n e  p a rt w a s  m e a su r e d  a f te r  15  m in  
th a w in g  in  w a te r  a t 1 5 °C , th e  o th e r  p a rt a f te r  5  m in  c o o k in g  in  b o i l in g  w a te r .  
B o t h  p a r ts  w e r e  m e a su r e d  w i t h  th e  f o l lo w in g  m e th o d s :

Shear press com pression. T h e  B r u sse ls  s p r o u ts  w e r e  c u t  lo n g it u d in a l ly  in  
tw o  p ie c e s ,  a n d  d iv id e d  in t o  p a r c e ls  o f  f iv e  h a lv e s  o f  n e a r ly  e q u a l w e ig h t .  T h e s e  
p a r c e ls  w e r e  c o m p r e s s e d  in  th e  S h e a r  p r ess  w it h  a  c r o s s h e a d  s p e e d  o f  1 0  c m /m in .  
T h e  s h e a r  f o r c e  w a s  d e f in e d  as t h e  h ig h e s t  r e g is tr a te d  fo r c e ,  a n d  th e  m e a n  sh e a r  
f o r c e  w a s  c a lc u la te d  fo r  e a c h  s a m p le .

T ex tu re  p ro file  analysis ( TP A ).  T h e  s ta lk s  w e r e  c u t  o f f  a t  15  m m  fr o m  th e  
t o p ,  in  o r d e r  t o  g e t  a  u n ifo r m  h e ig h t  (v e r y  im p o r ta n t  in  th is  m e t h o d )  a n d  a 
s ta b le  p o s i t io n in g  o f  th e  p r o d u c t  d u r in g  m e a s u r e m e n t . O n e  b y  o n e ,  t h e  B r u sse ls  
s p r o u ts  w e r e  c o m p r e s s e d  t w o  t im e s  b e t w e e n  p a ra lle l p la te s  t o  20%  o f  th e ir  
o r ig in a l  h e ig h t ,  w ith  a  c r o s s h e a d  s p e e d  o f  2  c m /m in  (B o u r n e , 1 9 6 8 ;  F r ie d m a n ,  
W h itn e y  & S z c z e s n ia k , 1 9 6 3 ) .  A c c o r d in g  t o  th e  d e f in i t io n s  o f  B o u r n e  ( 1 9 6 8 )  
a n d  F r ie d m a n , W h itn e y  &  S z c z e s n ia k  ( 1 9 6 3 ) ,  th e  t y p ic a l  T P A  p a r a m e te r s  
w e r e  d e te r m in e d  a n d  t h e  m e a n  fo r  e a c h  p a r a m e te r  w a s  c a lc u la te d  fo r  e a c h  
sa m p le .

M icrobio logica l tests

F o r  e a c h  m ic r o b io lo g ic a l  t e s t ,  2 0 0  g  o f  B r u sse ls  s p r o u ts  w e r e  w e ig h e d  o u t  
a n d  p u t  in t o  a  s te r i le  p o ly e t h y le n e  b a g , to g e th e r  w it h  2 0 0  m l o f  p h y s io lo g ic a l  
sa lin e  (0 .8 5 %  N a C l in  s te r i l iz e d , d is t i l le d  w a te r ) .
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T h e  p r o d u c t  w a s  a l lo w e d  t o  th a w  in  th e  b a g  a t r o o m  te m p e r a tu r e  fo r  a b o u t  

1 hr. S u b s e q u e n t ly ,  th e  B r u sse ls  s p r o u ts  w e r e  h o m o g e n iz e d  b y  th e  C o lw o r th  
S t o m a c h e r  4 0 0 .  1 m l o f  th e  h o m o g e n iz e d  p r o d u c t  w a s  p ip e t t e d  ( in  d u p l ic a te )  
in t o  a  P e tr i d ish . T h e  agar m e d iu m  w a s  a d d e d  a fte r w a r d s .

T o t a l  v ia b le  c o u n t  w a s  d e te r m in e d  a c c o r d in g  t o  t w o  m e th o d s :  ( i )  b y  in c u 
b a t io n  o n  P la te  C o u n t  A g a r  ( O x o id  C M  3 2 5 )  fo r  7  d a y s  a t 1 7 ° C  fo r  d e t e c t io n  
o f  p s y c h o t r o p h ic  b a c te r ia , an d  ( i i )  b y  in c u b a t io n  o n  P la te  C o u n t  A g a r  fo r  3  
d a y s  a t 3 0 ° C fo r  d e t e c t io n  o f  m e s o p h y l ic  b a c te r ia .

F in a l ly  th e  b a c te r ia  o f  th e  c o l ifo r m  g r o u p  w e r e  d e te r m in e d  b y  in c u b a t io n  o n  
V io le t  R e d  B ile  A g a r  ( O x o id  CM  1 0 7 )  a t 3 0 ° C  fo r  2  d a y s  ( S p e c k ,  1 9 7 6 ) .

R e s u l t s  a n d  d i s c u s s io n

C olour

C olour o f  w ho le  Brussels sprouts. C o m p a r in g  th e  —a /b  v a lu e s  w ith  th e  —a 
v a lu e s , th e  f ir s t  o n e s  s h o w  m u c h  m o r e  v a r ia b il ity  w ith in  th e  sa m p le  th a n  th e  
la s t  o n e s . M o r e o v e r , th e  b v a lu e s  d o  n o t  c h a n g e  v e r y  m u c h  d u r in g  s to r a g e . A s  
a c o n s e q u e n c e ,  th e  d e c r e a s e  in  a /b  is  m a in ly  d u e  t o  a d e c r e a s e  in  a v a lu e .

C o m p a r is o n  o f  th e  fir s t m e a s u r e m e n t  o n  e a c h  B r u sse ls  s p r o u t ,  w h ic h  w a s  a t 
th e  s p o t  ju d g e d  as th e  m o s t  g r e e n , w ith  th e  o t h e r  fo u r  m e a s u r e m e n ts , s h o w s  
th a t  th e  fir s t s p o t  a lw a y s  h a s  t h e  lo w e s t  L  v a lu e , w h e r e a s  th e  — a v a lu e  is a b o u t  
th e  s a m e . S o , th e  ‘m o s t  g r e e n  s p o t ’ is  d a rk er , b u t  n o t  g reen er .

T h e  - a  v a lu e  is d e c r e a s in g  w ith  s to r a g e  t im e  a n d  th e  s lo p e  d e p e n d s  o n  th e  
s to r a g e  te m p e r a tu r e  ( s e e  F ig . 1). T h e  ra te  o f  d e c r e a s e  o f  th e  - a  v a lu e ,  m e a su r e d  
o n  c o o k e d  p r o d u c t  is a lm o s t  th e  sa m e  as th a t  o f  th e  u n c o o k e d  B r u sse ls  sp r o u ts  
a t c o r r e sp o n d in g  s to r a g e  te m p e r a tu r e s . T h r o u g h  th e  c o o k in g  p r o c e s s  h o w e v e r ,  
an a d d it io n a l  v a r ia b il ity  is  in tr o d u c e d . I t is  d i f f i c u l t  t o  c o n c lu d e  fr o m  th e  d a ta  
o f  F ig . 1, w h e th e r  th e  d e g r a d a t io n  o f  th e  g r e e n  c o lo u r , e x p r e s se d  as —a v a lu e , is 
l in e a r  in  t im e  o r  n o t .  A  f ir s t  o r d e r  m o d e l ,  h o w e v e r ,  w a s  fo u n d  b y  G u p t e ,  E l-B is i  
&  F r a n c is  ( 1 9 6 4 )  fo r  th e  th e r m a l d e g r a d a t io n  o f  c h lo r o p h y l l  in  sp in a c h  p u r e é ,  
an d  a lso  b y  D ie tr ic h  e t al. ( 1 9 5 9 )  fo r  th e  r e te n t io n  o f  c h lo r o p h y l l  in  g reen  
sn a p  b e a n s  d u r in g  fr o z e n  s to r a g e . A s  th e  g reen  c o lo u r  o f  v e g e ta b le s  is la r g e ly  
d e te r m in e d  b y  th e  c h lo r o p h y l l  c o n t e n t ,  th e  d e g r a d a tio n  o f  th e  g r e e n  c o lo u r  
is  l ik e ly  to  d e c a y  a c c o r d in g  t o  th e  sa m e  e x p o n e n t ia l  m o d e l .

In  F ig . 2  a s e m i- lo g a r ith m ic  p lo t  is  s h o w n  o f  th e  a v a lu e  a g a in st  s to r a g e  
t im e ,  to g e t h e r  w ith  th e  c a lc u la te d  r e g r e ss io n  c o e f f ic ie n t s .  F ig u r e  3 s h o w s  th e  
te m p e r a tu r e  d e p e n d e n c e  o f  th e  r e g r e ss io n  c o e f f i c i e n t s ,  a c c o r d in g  t o  th e  
A r r h e n iu s  e q u a t io n . A s  th r e e  p o in t s  are t o o  f e w  t o  b e  su re  th is  r e la t io n s h ip  is  
c o r r e c t , fu r th e r  e x p e r im e n ts  s h o u ld  in c lu d e  m o r e  te m p e r a tu r e  le v e ls .

C olour o f  Brussels sp ro u t slurry. T h e  r e f le c t io n  o f  B r u sse ls  s p r o u t  s lu rry  at 
6 8 0  n m  d id  n o t  c h a n g e  w i t h  s to r a g e  t im e  n o r  te m p e r a tu r e . O b v io u s ly ,  th e  
c o n s ta n t  su m  o f  c h lo r o p h y l l  an d  p h e o p h y t in  w a s  m e a su r e d . P erh a p s  th is  m e th o d  
c a n  b e  u s e d  as an  in d ic a t io n  o f  th e  in it ia l  a p p e a r a n c e  o f  th e  fr o z e n  p r o d u c t .
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F igure 1. T he effect o f s to rage tem p e ra tu re  on  th e  green co lour o f Brussels
sp ro u ts , expressed as -  a  v a lu e . ------, T haw ed Brussels s p r o u ts ; ------ , cooked  in
boiling  w ater.

Figure 2. Semi-logarithmic plot of the green colour (—a value) of thawed Brussels
sprouts versus time ( ln ( -  a) =  ln (— a0) — k t ) .
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F igu re 3. E ffec t o f  the  storage tem p e ra tu re  on  th e  ra te  o f d egradatio n  o f th e  
green co lo u r (A rrh en iu s  p lo t).

T h e  r e s u lts  o f  c o lo u r  m e a s u r e m e n ts  w ith  th e  H u n te r L A B  are s h o w n  in  
T a b le  1. T h e r e  is a m a r k e d  d e c r e a s e  in  g r e e n n e s s  ( - a )  w it h  t im e  a n d  te m p e r a 
tu r e , w h ic h  is fu l ly  s y n c h r o n o u s  w ith  th e  r e s u lts  o f  th e  m e a s u r e m e n ts  o n  w h o le  
p r o d u c t  an d  a lso  w it h  th e  c o lo u r  a s se sse d  s e n s o r ic a l ly  (S t e in b u c h  e t al., 1 9 7 9 ) .  
B e lo w  a = 8 ,  th e  c o lo u r  w a s  n o  lo n g e r  a c c e p ta b le  t o  h a l f  th e  t e s t  p a n e l. T h is  is 
in  g o o d  a g r e e m e n t  w it h  D ie tr ic h  e t al. ( 1 9 7 0 ) ,  a s  t h e y  fo u n d  a g r e a te r  c o n v e r s io n  
o f  c h lo r o p h y l l  t o  p h e o p h y t in  a t 7 ° C  ( 2  m o n t h s )  th a n  a t 1 8°  C ( 6  m o n t h s ) .  
T h e y  a ls o  m e n t io n e d  th a t  B r u sse ls  s p r o u ts  w ith  - a b e lo w  7 ,  are q u ite  b r o w n ish  
o liv e  g reen .

W h erea s  E h e a r t &  O d la n d  ( 1 9 7 3 )  fo u n d  a  s u b s ta n t ia l  d e c r e a s e  in  L  v a lu e  a n d  
a c o n s ta n t  ra tio  o f  a /b , o u r  r e su lts  s h o w  o n ly  a v e r y  s m a ll  d e c r e a s e  in  L  a n d  b 
v a lu e s  an d  th e r e fo r e  a s u b s ta n t ia l  in c r e a se  in  a/b.

A sco rb ic  acid co n te n t

T a b le  2  s h o w s  th e  A A  c o n t e n t  and  th e  A A  +  D A A  c o n t e n t  o f  t h e  B r u sse ls  
s p r o u ts . A s  th e  d r y  m a t te r  c o n t e n t ,  d e te r m in e d  b y  d r y in g  15 g o f  B r u sse ls  s p r o u t  
s lu r r y , w a s  q u ite  s ta b le  d u r in g  s to r a g e  at a ll t e m p e r a tu r e s , as c o u ld  b e  e x p e c t e d  
fo r  g o o d  se a le d  p a c k a g e s , th e  A A  an d  A A  +  D A A  c o n t e n t  ca n  b e  e x p r e s s e d  o n
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T a b le  1. T he co lour o f  th e  s lu rry  o f  Brussels sp ro u ts  m easured w ith  th e  H u n ter co lour 
d ifferen ce  m e te r

S torage
tim e
(w eeks)

S to red  at — 18°C S to red  at - 9 ° C S tored  at - 4 ° C

L a b L  a b L  a b

9 47.1 - 1 2 .9 22.9 46 .0 -11.7 22.4 46 .2 -8.3 22.0
12 46 .7 - 1 2 .4 22.3 45 .6 10.6 21.7 4 4 .2 -5.9 20.4
15 46 .8 - 1 2 .4 22.6 45 .7 10.4 21.9 4 4 .0 4 .0 19.3
18 47 .0 - 1 2 .0 22 .4 46.1 10.1 21.9
21 47.1 - 1 2 .1 22.5 44 .6 - 9 .2 21.3
24 48 .0 — 11.3 22.4 45 .4 - 8 .5 21.4
27 47.5 - 1 1 .7 22 .6 45 .0 - 8 .3 21.1
30 47 .6 - 1 2 .1 22.6 45 .7 - 7 .5 21.5
33 46 .6 - 1 1 .9 22.6 45 .3 - 7 .6 21.4
39 46 .8 - 1 1 .4 22.0 43 .9 - 6 .9 20.3
45 46 .6 - 1 1 .8 22 .2 44 .2 - 4 .7 19.9
51 46 .6 - 1 1 .9 22.1 44 .0 - 4 .4 19.8

s.d. 0.6 0.3 0 .2 1.0 0.4 0.3 0.4 0.3 0.5

s.d. = s tan d a rd  dev iation  be tw een  dup licates

a fre sh  w e ig h t  b a s is . T h e  irreg u la r  r e su lts  a f te r  1 8 , 21  and  4 5  w e e k s  a t —9 ° C  
a n d  —1 8 ° C  are p r o b a b ly  d u e  t o  s a m p lin g  a n d /o r  a n a ly s is  error . A t  - 4 ° C  
s to r a g e , th e r e  is a  rap id  d e c r e a s e  o f  A A  t o  33%  o f  th e  in it ia l  c o n t e n t  a f te r  12  
w e e k s ,  b u t  n o  c o n s is t e n t  in c r e a se  o f  D A A . T h e  —9 ° C  s to r a g e  s h o w s  a g ra d u a l  
d e c r e a s e  o f  A A  t o  75%  a f te r  12 w e e k s ,  a n d  t o  54%  a fte r  3 9  w e e k s .  T h e s e  
r e su lts  are in  fa ir ly  g o o d  a g r e e m e n t w it h  P im m  ( 1 9 7 3 )  a n d  D ie tr ic h  e t al. ( 1 9 7 0 ) .

T a b le  2. T he co n ten t o f  ascorbic acid (A A ) and o f ascorbic acid + d ehy d ro asco rb ic  acid 
(D A A ) in m g /1 0 0  g o f  frozen  Brussels sp rou ts

S torage
tim e
(w eeks)

S to red  a t - 1 8 ° C S to red  at —9°C S to red  at —4°C

AA AA + DAA AA AA + DAA AA AA + DAA

0 110 112 111 112 110 112
3 113 114 112 114 108 111
6 120 125 111 119 75 87
9 107 118 94 97 58 65

12 97 101 83 87 37 41
18 68 73 60 63
21 78 82 72 74
24 104 114 77 83
27 110 122 66 70
30 106 119 74 82
33 97 108 63 72
39 85 93 60 72
45 66 67 34 35
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T h e  —1 8 °C  s to r a g e  s h o w s  f lu c t u a t in g  re su lts :  a f te r  3 9  w e e k s ,  th e  lo s s  o f  A A  

a n d  A A  +  D A A  w il l  b e  a b o u t  20% . H e re  th e  r e fe r e n c e s  are n o t  u n a n im o u s :  
H u d s o n  e t al. ( 1 9 7 4 )  fo u n d  n o  lo s s  o f  A A , w h e r e a s  E h e a r t  & O d la n d  ( 1 9 7 3 )  
a n d  W o y k e  &  M a k o w s k i ( 1 9 6 8 )  r e p o r te d  g r e a te r  lo s s e s . A s c o r b ic  a c id  in  fr o z e n  
B r u sse ls  s p r o u ts  tu rn s  o u t  t o  b e  s u s c e p t ib le  t o  h ig h  te m p e r a tu r e  d u r in g  s to r a g e ,  
a n d  m a y  b e  an  in d ic a to r  fo r  in fe r io r  h a n d lin g  o r  s to r a g e  (B le g e n  &  R o g n e r u d ,
1 9 7 2 ) .  T h e  m a in  p r o b le m  rem a in s  th a t  fo r  a n y  s to r e d  sa m p le  (e .g . fr o m  a s h o p ) ,  
th e  A A  c o n t e n t  d ir e c t ly  a f te r  b la n c h in g  is u n k n o w n . M o r e o v e r , th e r e  is  a w id e  
d iv e r g e n c e  in  th e  A A  c o n t e n t  o f  fr e sh  B r u sse ls  s p r o u ts :  A b r a m s ( 1 9 7 5 )  
m e n t io n s  a ra n g e  o f  8 2 - 1 4 0  m g / 1 0 0  g  fo r  n in e  v a r ie t ie s , a n d  W o y k e  & 
M a k o w s k i ( 1 9 6 8 )  8 4 —2 6 5  m g / 1 0 0  g  fo r  t w e n t y  v a r ie t ie s .

T ex tu re

Shear press com pression. F o r  th e  th a w e d  p r o d u c t  (F ig .  4 )  th e r e  c le a r ly  is ,  in  
s p ite  o f  th e  fa ir ly  g rea t f lu c t u a t io n s  in  th e  d a ta , a d e c r e a se  in  sh ea r  fo r c e  v a lu e  
w it h  in c r e a s in g  s to r a g e  t im e . A ls o  th e  ra te  o f  d e c r e a se  in  sh e a r  fo r c e  is  c le a r ly  
d e p e n d e n t  o n  th e  s to r a g e  te m p e r a tu r e .

F o r  th e  c o o k e d  p r o d u c t  (F ig .  5 )  th e r e  is n o  lo n g e r  a n y  e v id e n c e  o f  a c h a n g e  
in  s h e a r  fo r c e . T h e  e f f e c t  o f  s to r a g e  t im e  and  te m p e r a tu r e  o n  th e  t e x tu r a l  
p r o p e r t ie s  o f  th e  B r u s s e ls  s p r o u ts  g e t s  a p p a r e n t ly  lo s t  in  t h e  r a th e r  v io le n t  
c o o k in g  tr e a tm e n t .

Figure 4. Shear force v. storage time for thawed Brussels sprouts.
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F ig u r e  5. Shear fo rce  v. s to rage tim e fo r  cooked  B russels sp rou ts .

T e x tu re  p ro file  analysis. O n e  o u t s ta n d in g  fe a tu r e  in  th is  m e t h o d  is  th a t  th e  
p r o d u c t  d o e s  n o t  e x h ib it  a  b r it t le n e s s  p e a k  an d  th a t  th e  h a r d n e ss  p e a k  a lw a y s  
o c c u r s  a t m a x im u m  c o m p r e s s io n . T h e  p r o c e s s  ca n  b e s t  b e  d e s c r ib e d  as a 
‘c o n t in u o u s  fa i lu r e ’.

Figure 6. TPA springiness v. storage time for thawed Brussels sprouts.
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F igu re  7. TPA cohesiveness v. s torage tim e fo r th aw ed  B russels sp rou ts.

O f  th e  ty p ic a l  T P A  p a r a m e te r s , o n ly  ‘s p r in g in e ss ’ a n d  ‘c o h e s iv e n e s s ’ are  
p r o m is in g  ( F ig s  6 ,  7 ) .  T h e y  b o t h  s h o w  a n  in c r e a se  in  v a lu e  w i t h  in c r e a s in g  
t im e  a n d  te m p e r a tu r e , p r o b a b ly  to w a r d s  an  a s y m p t o t ic  e n d  v a lu e .

B e c a u s e  o f  th e  g r e a te r  f lu c t u a t io n s ,  b o t h  T P A  p a r a m e te r s  s e e m  t o  b e  le ss  
r e lia b le  th a n  th e  s h e a r  fo r c e . A l l  t h e  o t h e r  T P A  p a r a m e te r s  d o  n o t  c h a n g e  
d u r in g  th e  s to r a g e , o r  e x h ib it  s u c h  g rea t f lu c t u a t io n s  th a t  n o  lo n g e r  a n y  c o r r e 
la t io n  w it h  n e ith e r  t im e  n o r  te m p e r a tu r e  ca n  b e  d e t e c t e d .  T h e  g rea t f lu c t u a t io n s  
in  th e  d i f f e r e n t  T P A  p a r a m e te r s , in c lu d in g  ‘s p r in g in e s s ’ a n d  ‘c o h e s iv e n e s s ’, can  
t o  s o m e  e x t e n t  b e  e x p la in e d  b y  th e  d i f fe r e n c e s  in  s iz e  a n d  d im e n s io n s  o f  th e  
B r u sse ls  s p r o u ts :  th e  c o n t a c t  area  fo r  large  B r u sse ls  s p r o u ts , e s p e c ia l ly  a t h ig h e r  
c o m p r e s s io n s ,  is g r e a te r  th a n  fo r  sm a lle r  o n e s .  I t h a s  b e e n  o b se r v e d  th a t  large  
B r u sse ls  s p r o u ts  n e e d  m o r e  fo r c e  an d  e n e r g y  t o  b e  c o m p r e s s e d  o v e r  t h e  sa m e  
d is ta n c e  th a n  th e  s m a lle r  o n e s ,  n o tw ith s ta n d in g  th e  fa c t  th a t  t h e y  a ll h a v e  b e e n  
c u t  a t 15  m m  fr o m  t h e  to p .

F o r  th e  c o o k e d  p r o d u c t  o n e  c a n  m a k e  t h e  s a m e  re m a r k s  f o r  t h e  sa m e  
r e a so n s  as fo r  th e  s h e a r  p ress  c o m p r e s s io n .

M icrobio logica l tests

In T a b le  3 , th e  r e su lts  are g iv e n  fo r  th e  fr e sh , th e  b la n c h e d  a n d  th e  d e e p  
fr o z e n  B r u sse ls  s p r o u ts . T h e  n u m b e r  o f  b a c te r ia  is  d e c r e a se d  c o n s id e r a b ly  b y  
t h e  b la n c h in g  tr e a tm e n t .
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T a b le  3. R esu lts o f  m icrob iological tes ts  be fo re  storage

P ro d u c t

T o ta l viable coun t
V iable co un t o f th e  
co lifo rm  group  at 
30°C  (c t/g )

A t 30°C  
(c t/g )

A t 17°C 
(c t/g )

F resh 3,4 x 106 l A  X 106 3 '4 x 10s4.0 2.4 3.2
B lanched o o X l O 1 3 ' ° x l 0 ‘ 2

8.0 6.0 2
D eep fro zen 1 3  x 103 7 '1  x 102 2

1.4 6.8 0

I m m e d ia te ly  a f te r  fr e e z in g  th e  s p r o u ts , th e  t o t a l  v ia b le  c o u n t  a g a in  in c r e a se d  
c o n s id e r a b ly ,  d u e  t o  in f e c t io n  b y  h a n d lin g . T h is  a m o u n t  o f  b a c te r ia  s e e m s  t o  
b e  in h e r e n t  t o  th e  fr e e z in g  and  h a n d lin g  p r o c e s s  (S c h m id t - L o r e n z , 1 9 7 6 ) .  T h e  
a v era g e  o f  th e  d u p lic a te s  o f  th e  t o t a l  c o u n t  a t 17 an d  3 0 ° C  in  f u n c t io n  o f  th e  
s to r a g e  t im e  is s h o w n  in  F ig s  8  and  9 . A s  ca n  b e  s e e n , th e  t o t a l  c o u n t  a t  b o th  
17  a n d  3 0 ° C  in c r e a s e d  e n o r m o u s ly  a f te r  3  w e e k s  o f  s to r a g e  a t —4 ° C  t o  a b o u t  
1 0 7/g  a f te r  9  w e e k s .  B y  th a t  t im e ,  a  fu n g u s  h a d  g r o w n  o n  th e  B r u sse ls  s p r o u ts .  
M o r e o v e r , t h e  p r o d u c t  w a s  n o  lo n g e r  a c c e p ta b le  b e c a u s e  o f  i t s  h ig h  t o t a l  
c o u n t  o f  b a c te r ia .

T h e  fu n g u s  w a s  i s o la te d  a n d  id e n t i f ie d  as C la d o s p o r iu m  h e r b a r u m  (P e r s .)  
L in k . T h e  m in im u m  g r o w th  te m p e r a tu r e  o f  th is  fu n g u s  v a r ie s  fr o m  —6 ° C  
d o w n  t o  — 1 0 ° C . T h e  b a c te r ia , i s o la te d  fr o m  th e s e  B r u sse ls  s p r o u ts ,  w e r e  
id e n t i f ie d  w i t h  t h e  E n te r o tu b e  s y s t e m  (L a  R o c h e  D ia g n o s t ic s )  a n d  t w ic e  
P r o te u s  r e t tg e r i  a n d  o n c e  P s e u d o m o n a s  s p . w a s  fo u n d .

Storage time (weeks)

Figure 8. Sem i-logarithm ic p lo t o f  th e  to ta l  viable co u n t (3 0  C) o f  Brussels 
sp ro u ts  v. s torage tim e .
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F ig u r e  9. Sem i-logarithm ic p lo t o f th e  to ta l  viable co u n t (1 7 °C ) o f Brussels 
sp ro u ts  v. s torage tim e.

F r o m  a b a c t e r io lo g ic a l  p o in t  o f  v ie w , th e  e x p e r im e n t  h a s  s h o w n  ( F ig s  8 ,  9 )  
th a t  d e e p  fr o z e n  B r u sse ls  s p r o u ts  c a n  b e  s to r e d  a t 1 8 °C  fo r  a p e r io d  o f  51  
w e e k s  w i t h o u t  a n y  p r o b le m  fo r  th e  p r o d u c t  o r  th e  c o n s u m e r . T h e  p r o d u c t  
s to r e d  a t —9 ° C  fo r  th e  sa m e  p e r io d  o f  t im e  s e e m s  t o  b e  s a fe  t o o .  B u t  as th e  
g ra p h s  s h o w  in  F ig . 8 , th e  p r o d u c t  m ig h t  b e  u n b a la n c e d  a n d  n o t  u n d e r  m ic r o 
b io lo g ic a l  c o n t r o l  a n y  m o r e  i f  th e  s to r a g e  c o n d i t io n s  s h o u ld  b e c o m e  w o r s e  
(S c h m id t - L o r e n z , 1 9 7 6 ) .  A s  m e n t io n e d  b e fo r e  th e  B r u sse ls  s p r o u ts  s to r e d  a t  
—4 ° C  are s p o i l t  a f te r  9  w e e k s  o f  s to r a g e . A t  th e  m o m e n t  th e  c o u n t  o f  th e  
c o l i f o r m  g r o u p  w a s  1 .3  X 1 0 7/g ,  w h ic h  is a d a n g e r o u s  a m o u n t  f o r  th is  t y p e  o f  
b a c te r ia . T h e  p r o d u c t  s to r e d  a t —9 ° C  a n d  —1 8 ° C  g iv e s  n o  p r o b le m  c o n c e r n in g  
th e  c o l i fo r m  g r o u p ; th e  a v era g e  o f  th e  g r o u p  w a s  <  2 /g  d u r in g  th e  w h o le  p e r io d .

Conclusions

G r e e n n e s s , m e a su r e d  a s  th e  H u n te r  a v a lu e  o n  b o t h  B r u sse ls  s p r o u ts  a n d  slu rry , 
is  fo u n d  t o  b e  a  v e r y  u s e fu l  q u a l i ty  p a r a m e te r , as i t  is  fa ir ly  s e n s it iv e  a n d  s h o w s  
a c o n s e q u e n t  t e m p e r a tu r e  d e p e n d e n c y .  T h e  r e f le c t io n  o f  B r u sse ls  s p r o u t  s lu rry  
at 6 8 0  n m  se e m s  t o  b e  u s e le s s  as a q u a l i ty  p a r a m e te r  d u r in g  s to r a g e , b u t  m a y  
b e  im p o r ta n t  in  d e te r m in in g  th e  in it ia l  q u a li ty  o f  th e  p r o d u c t .

T h e  a s c o r b ic  a c id  c o n t e n t  o f  th e  p r o d u c t  is  a lso  a v e r y  u s e fu l  q u a l i ty  in d e x ,  
p r o v id e d  th e  in it ia l  le v e l  is  k n o w n .

O f  th e  te x tu r a l  p a r a m e te r s  t e s t e d ,  th e  sh ea r  fo r c e ,  m e a su r e d  w ith  th e  K r a m e r  
s h e a r  c e l l ,  s e e m s  t o  b e  th e  m o s t  r e lia b le , as i t  c le a r ly  in d ic a te s  a d e c r e a s in g  
t e x t u r e  w ith  in c r e a s in g  s to r a g e  t im e  a n d  te m p e r a tu r e . T h e  t e x t u r e  p r o f i le  
p a r a m e te r s  are t o o  m u c h  in f lu e n c e d  b y  th e  s iz e  a n d  w e ig h t  o f  th e  in d iv id u a l  
B r u sse ls  s p r o u ts . F r o m  a m ic r o b io lo g ic a l  p o in t  o f  v ie w , th e  e x p e r im e n ts  h a v e
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s h o w n  th a t  a  s to r a g e  te m p e r a tu r e  o f  —9°C  is  q u ite  a c c e p ta b le ,  as lo n g  as th e  
t e m p e r a tu r e  d o e s  n o t  in c r e a s e  a n y  fu r th e r , a n d  t h e  th a w in g  p e r io d  is  n o t  t o o  
lo n g .
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Sensory analysis o f bitterness in apple wine

J. P. R O O Z E N *  a n d  J. P . V A N  B U R E N

Summary

A  d i lu t io n  t e s t  d e te r m in in g  th e  o c c u r r e n c e  o f  b a s ic  ta s te s  in  a p p le  w in e  a n d  
h a rd  c id e r  s h o w e d  s o u r n e s s ,  s w e e t n e s s  a n d  b it te r n e s s  t o  b e  p r e s e n t . F o r  s e le c t io n  
o f  a s se sso r s  a b it te r n e s s  s ta n d a r d  w a s  d e f in e d  as a  ta s te  d if f e r e n c e  b e t w e e n  t w o  
a p p le  w in e s . R a n k in g  an d  p a ired  c o m p a r is o n  t e s t s  w e r e  u se d  fo r  a n a ly s is  o f  
b it t e r n e s s  le v e ls .  A d d it io n s  t o  th e  f e r m e n ta t io n s  im p r o v in g  th e  g r o w in g  c o n 
d i t io n s  fo r  th e  y e a s t  d e c r e a se d  th e  b it t e r n e s s  o f  th e  a p p le  w in e .

Introduction

B it te r n e s s  is an  im p o r ta n t  fa c to r  in  th e  e v a lu a t io n  o f  h ard  c id e r  a n d  a p p le  w in e ,  
w h ic h  is  m a d e  fr o m  j u ic e  a m e lio r a te d  w ith  su c r o s e  t o  2 0 —2 2 °  B r ix  (V a n  B u ren  
e t al., 1 9 7 8 ) .  Q u a li ty  im p r o v e m e n t  is  o f t e n  re la ted  t o  th e  lo w e r in g  o f  th e  b i t t e r  
t a s te .  F o r  th is  r e a so n  w e  h a v e  e x p lo r e d  m e t h o d s  o f  b i t t e r  ta s te  a n a ly s is  w i t h  
w h ic h  tr e a tm e n ts  o f  th e  j u ic e  a n d /o r  th e  w in e  ca n  b e  e v a lu a te d .

Materials and m ethods

T h e  a p p le  ju ic e s ,  s o m e  o f  w h ic h  w e r e  a m e lio r a te d  w ith  s u c r o s e  (T a b le  1 ) , w e r e  
fe r m e n te d  w it h  M o n tr a c h e t  5 2 2  y e a s t  t o  d r y n e s s  ( e x c e p t  fo r  N Y  2 6 0 ) .  T h e  
h a rd  c id e r s  an d  w in e s  w e r e  b o t t le d  a n d  k e p t  in  c o ld  s to r a g e  u n t i l  u s e . F o r  
s o m e  e x p e r im e n ts  1 3 0  m l a ir  p e r  m in  w e r e  b u b b le d  th r o u g h  3 0 0  m l w in e  in  
5 0 0  m l E r le n m e y e r  f la sk s  d u r in g  4  h r  at r o o m  te m p e r a tu r e .

T h e  d i lu t io n - t h r e s h o ld  t e s t in g  w a s  carr ied  o u t  w it h  a h a rd  c id e r  a n d  t w o  
w in e s . T h e y  w e r e  d i lu te d  w it h  d is t i l le d  w a te r  g iv in g  t h e  se r ie s  1 0 , 1 2 .5 ,  2 5 ,
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T a b le  1. D escrip tion  o f th e  origin o f th e  apple w ines used

C ode C ultivar and p rep a ra tio n  co nd ition s

B
C
184
174

A

NY 260

HC
FO R T

CR

164
154

dou b le  s tre n g th  apple ju ic e  (S eneca F o o d  Co. 1974 co n cen tra te  
d ilu ted  w ith  w ater to  21° B rix)
Ju ice  A plus an  equal volum e o f  21 ° B rix sucrose so lu tion  
Ju ice  A plus 3 volum es o f  21° B rix  sucrose so lu tion  
C ortlan d  ju ice  1974 + sucrose added  to  give 22° Brix 
C ortland  ju ice  1974 + 0.1%  (w /v) (N H 4)2 H P 0 4 + sucrose 
ad ded  to  22° Brix
C ortlan d  ju ice  1974, ox id ized  + sucrose added  to  22 Brix 
C o rtlan d  ju ice 1974, ox id ized , + 0.1%  (N H 4)2 H P 0 4 + sucrose 
ad ded  to  22° Brix
New Y ork  Agric. E xper. S ta. selected-seedling ju ice  1975 +
sucrose ad ded  to  22° Brix
(= ha rd  cider) from  C ortlan d  ju ice  1975
C onical R om e ju ice  1975 -*■  h a rd  cider, fo rtified  w ith  e th ano l
to  12% a lcoho l co n ten t
C ow in R om e ju ice  1974 + sucrose added  to  22 Brix

5 0  a n d  100%  w in e  o r  c id e r . T w e lv e  p a n e lis t s  n e ith e r  s e le c te d  n o r  tr a in e d , 
w e r e  a sk e d  t o  in d ic a te  th e  d i lu t io n  in  w h ic h  t h e y  c o u ld  d e t e c t  a s o u r , s w e e t ,  
b it t e r  o r  s a lt y  ta s te .  T h e  d i lu t io n s  w e r e  t e s t e d  fr o m  lo w e r  t o  h ig h e r  c o n 
c e n tr a t io n s .  S a m p lin g  w a s  d o n e  th r o u g h  a s tr a w . T h e  p a n e l is t s  u s e d  7 -U p  fo r  
r in s in g  th e ir  m o u t h s  a n d  r e s to r in g  th e ir  ta s te  a b i l ity .  C o lo u r  d if f e r e n c e s  b e t w e e n  
th e  s a m p le s  w e r e  n e u tr a l iz e d  b y  p la c in g  s h e e t s  o f  o r a n g e  p a p e r  u n d e r  p la s t ic  
c u p s  f i l le d  w ith  th e  d i lu t io n s .  T h e  p a n e l ta s te d  in  th e  m o r n in g s  at 1 1 .0 0  a n d  in  
th e  a f t e r n o o n  a t 1 4 .3 0  h o u r s .

S c o r e s  w e r e  tr a n sfe r r e d  t o  p r o p o r t io n  v a lu e s  (A S T M , 1 9 6 8 ) ,  a n d  th e  c o r r e 
s p o n d in g  Z -sc o r e s  (d e v ia t io n s  fro m  th e  m e a n  in  u n it s  o f  s ta n d a r d  d e v ia t io n )  
w e r e  fo u n d  in  a u n it  n o r m a l d is t r ib u t io n  ta b le  (T o r g e r s o n , 1 9 6 7 ) .  A c c o r d in g  
t o  G u ilfo r d  ( 1 9 5 4 )  o n e  c a n  a ssu m e  th a t  th e  r e g r e ss io n  o f  Z -sc o r e s  o n  lo g  
( c o n e .  %) is a s tr a ig h t l in e .

A n  a n a ly t ic a l  p a n e l w a s  s e le c te d  fo r  fu r th e r  e v a lu a t io n  o f  b it t e r n e s s .  T h e  
s e le c t io n  c r ite r iu m  fo r  a sse sso r s  w a s  a  ta s te  d if f e r e n c e  b e tw e e n  a lo w  a n d  a  
h ig h  b i t t e r  w in e . B e c a u s e  o f  d i f f e r e n c e s  in  b i t t e r n e s s  p e r c e p t io n  (A m e r in e ,  
P a n g b o r n  & R o e s s le r , 1 9 6 5 )  w e  a v o id e d  p u re  c h e m ic a ls  s u c h  as q u in in e  o r  
c a f fe in e  as s ta n d a r d s  fo r  b i t t e r  m a te r ia ls  in  a p p le  w in e .  T h e  c la s s i f ic a t io n  
lo w  and  h ig h  b i t t e r  w in e  w a s  d e te r m in e d  b y  a sm a ll e x p e r ts  p a n e l  ra n k in g  f iv e  
w in e s  p e r  s e s s io n  w ith  a to ta l  o f  tw e n t y - t h r e e  w in e s .  T h e  lo w  a n d  h ig h  b i t t e r  
w in e  o f  a p r e v io u s  s e s s io n  w e r e  a lw a y s  in c lu d e d  in  th e  n e x t  o n e .

A ll  th e  p e o p le  w o r k in g  in  th e  F o o d  R e se a r c h  L a b o r a to r y  w e r e  in v ite d  fo r  
a s e le c t io n  te s t  w ith  th e  w in e s  c la s s if ie d  as lo w  b it te r :  F O R T , and  h ig h  b it te r :  
C R . T h e  te s t  c o n s is t e d  o f  a  p a ired  c o m p a r is o n  t e s t  (w h ic h  o n e  is  m o r e  b it te r ? )  
a n d  a t w o f o ld  f iv e  s a m p le  d i f f e r e n c e  t e s t  (a n a lo g o u s  t o  th e  tr ia n g le  t e s t  w it h  
t w o  an d  th r e e  id e n t ic a ls ) .  A  tr a in in g  in  s e n s o r y  m e t h o d o lo g y  a n d  ta s te  c h a r a c 
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t e r is t ic s  o f  a p p le  w in e  w a s  g iv e n  t o  s ix t e e n  p e r s o n s  s e le c t e d ,  fr o m  w h o m  e ig h t  
p a s s e d  a  s e c o n d  s e le c t io n  ( s ix  tr ia n g le s ) .  T h e  a s se sso r s  o b ta in e d  w e r e  a b le  t o  
d is t in g u is h  b it te r n e s s  fr o m  o th e r  ta s te  c h a r a c te r is t ic s  o f  a p p le  w in e ,  a n d  h a d  
fa ir ly  e q u a l  s e n s i t iv i t y  to w a r d s  b it te r n e s s .  R a n k in g  a n d  p a ir e d  c o m p a r is o n  
t e s t  (A S T M , 1 9 6 8 )  s e s s io n s  o f  th e  a n a ly t ic a l  p a n e l  w e r e  h e ld  r e g u la r ly  in  
in d iv id u a l b o o t h s  a t  2 .3 0  p .m . T h e  sa m p le s  w e r e  p r e s e n te d  a t r o o m  te m p e r a tu r e  
in  p la s t ic  c u p s  s ta n d in g  o n  o r a n g e  p a p e r . S tr a w s , c r a c k e r s , 7 -U p  d r in k  a n d  
w a te r  w e r e  f r e e ly  a v a ila b le .

Results and discussion

T h e  ta s t e  o f  a p p le  w in e /c id e r  w a s  a n a ly se d  b y  a  d i lu t io n - t h r e s h o ld  t e s t  fo r  
b a s ic  ta s te s  (F ig . 1 ). N o  s a lty  ta s t e  w a s  d e t e c t e d  a n d  s w e e t  ta s te  o n ly  in  t h e  N Y  
2 6 0  w in e . T h e  f e r m e n ta t io n  o f  th e  la t te r  w in e  e n d e d  o f  i t s e l f  w h i le  f e r m e n ta b le  
su g a rs  w e r e  s t i l l  p r e s e n t . T h e  c o r r e la t io n  c o e f f i c i e n t  o f  th e  r e g r e ss io n  l in e  o f

F igure 1. P lo ts o f d ilu tio n  tes ts  fo r de term in ing  th e  occurrence  o f basic tastes  in :
C o rtland  apple w ine (C ode 184), x — X ; C o rtlan d  ha rd  cider, o -------- o ; NY 26€
ap ple w ine, □ ------ □ .
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Z -sc o r e s  o n  lo g  c o n c e n tr a t io n  o b ta in e d  fo r  s w e e tn e s s  ju s t i f ie s  th e  a s s u m p t io n  
o f  a  c u m u la t iv e  n o r m a l d is tr ib u t io n  fo r  s e n s i t iv i ty .  T h e  r e g r e ss io n s  fo r  s o u r n e s s  
in d ic a te  th a t  th is  ta s te  w a s  p r e se n t  in  e v e r y  w in e  a n d  th a t  th e  w in e s  (a n d  h a rd  
c id e r )  w e r e  n o t  d i lu te d  fa r  e n o u g h  fo r  e x a c t  d e te r m in a t io n  o f  th e  th r e s h o ld s .  
B it te r n e s s  w a s  d e t e c t e d  in  b o t h  C o r tla n d  f e r m e n ta t io n s .  T h e  d a ta  s c a t te r  
b e c a u s e  o f  th e  w id e  d is tr ib u t io n  o f  b i t t e r  s e n s i t iv i ty  o f  t h e  a s se sso r s  (A m e r in e  
e t al., 1 9 6 5 ) .  F o r  fu r th e r  a p p lic a t io n  o f  th e  d i lu t io n  m e t h o d  w e  s h o u ld  h a v e  
u s e d  a  m u c h  la r g e r  p a n e l.

A p p le  w in e s  A , B  a n d  C  w e r e  m a d e  w i t h  d i f f e r e n t  a m o u n ts  o f  a p p le  c o n 
s t i t u e n t s .  D i f f e r e n c e s  in  th e  b it t e r n e s s  o f  th e  w in e  w e r e  s tu d ie d  w i t h  a ra n k in g  
t e s t  u s in g  th e  a n a ly t ic a l  p a n e l  (T a b le  2 ) .  S e t  I s h o w s  a  h ig h e r  b it t e r n e s s  w ith  
lo w e r  c o n c e n t r a t io n  o f  a p p le  c o n s t i t u e n t s ,  an d  th is  w a s  c o n f ir m e d  w it h  s a m p le s  
e q u a l iz e d  in  c o lo u r  ( S e t  I I ) . C o m p o u n d s  fr o m  th e  a p p le  ju ic e  s e e m  t o  a c t  o n  
t h e  y e a s t  m e ta b o l is m  in  a  w a y  t h a t  h ig h e r  c o n c e n tr a t io n s  d e c r e a se  th e  fo r m a t io n  
o f  b i t t e r  m o le c u le s .

S u o m a la in e n  &  N y k a n e n  ( 1 9 6 8 )  c o n c lu d e  fr o m  th e ir  g a s  c h r o m a to g r a p h ic  
a n a ly s is  o f  a ro m a  c o m p o u n d s  in  a lc o h o l ic  b e v e r a g e s  th a t ,  at le a s t  q u a li ta t iv e ly ,  
t h e  sa m e  c o m p o u n d s  w e r e  p r o d u c e d  in  b o t h  fe r m e n te d  su g a r  s o lu t io n s  a n d  in  
b e v e r a g e s . S o  d i f f e r e n c e s  in  b i t t e r  ta s te  o f  A , B and  C w in e s  s h o u ld  b e  carr ied  
b a c k  t o  r e la t iv e  c o n c e n t r a t io n s  o f  c o m p o u n d s  in  t h e  w in e s .  B u b b lin g  air  
th r o u g h  th e  w in e s ,  as w e  d id  fo r  S e t  III, d id n ’t c h a n g e  th e s e  r e la t iv e  c o n 
c e n tr a t io n s  e n o u g h  t o  a lt e r  th e  re su lts  o f  th e  r a n k in g  t e s t .

T h e  a d d it io n  o f  y e a s t  g r o w th  fa c to r s  t o  h o n e y  f e r m e n ta t io n s  c o n s id e r a b ly  
im p r o v e d  th e  ta s te  o f  th e s e  w in e s  (S te in k r a u s  &  M o rse , 1 9 6 6 ) .  W e m o d i f ie d  
o u r  ju ic e s  b y  o x id a t io n  w ith  air an d  a d d it io n  o f  (N H 4 ) 2 H P 0 4 t o  t h e  fe r m e n 
ta t io n  s o lu t io n .  T h e  r e su lt in g  w in e s  1 5 4 , 1 6 4 , 1 7 4  a n d  1 8 4  w e r e  a n a ly se d  fo r

T able 2. R elative b itte rness  o f  apple w ines m easured by  ranking  tests  (increasing b it te r 
ness sequence)

Set A ssessm ents S am ples1 R ank to ta ls
S ign ificantly
d iffe ren t2

I 14 A 19 yes
B 29 no
C 36 yes

II 16 A 23 yes
B f 30 no
C f 43 yes

III 14 A* 16 yes
B * 29 no
C* 39 yes

* Sam ples, bu b b led  a ir th ro u g h
t  Sam ples w ere b row n co loured  w ith  acid soluble caram el to  get th e  sam e co lou r as 

sam ple A
1 C odes are explained  in T ab le  1
2 A ccording to  K ram er’s tab les fo r P  = 0 .05 (A m erine e t  a l., 1965)
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b it t e r n e s s  w ith  a p a ir e d  c o m p a r is o n  t e s t  (T a b le  3 A ) .  T h e  s ta t is t ic a l  o v e r a ll  te s t  
o f  e q u a l i t y  w a s  ca rr ied  o u t  a c c o r d in g  t o  D a v id  ( 1 9 6 9 ) :
X2 = 4 [S' -  V4 nm 2 (n — l )2]/m  -n = 14.1
d .f .  =  n  — 1 =  3  (d e g r e e s  o f  f r e e d o m )
S  =  su m  o f  sq u a r e s  (T a b le  3 )  
n =  n u m b e r  o f  s a m p le s  (=  4 )  
m  =  m e m b e r s  o f  p a n e l  ( t im e s  2 = 1 6 )

T a b le  7  o f  th e  A S T M  ( 1 9 6 8 )  m a n u a l s h o w s  th a t  o u r  r e s u lts  are s ig n if ic a n t  
( F < 0 .5 % ) .  S o  th e  C o r tla n d  w in e  w i t h  b o t h  tr e a tm e n ts  ( 1 5 4 )  is  s ig n if ic a n t ly  
le s s  b i t t e r  th a n  th e  o n e  w i t h o u t  tr e a tm e n ts  ( 1 8 4 ) .  T h e  sa m e  r e su lt  w a s  o b ta in e d  
w it h  a r a n k in g  t e s t  (T a b le  3 B ) . R e a z in , S c a le s  &  A n d r e a s e n  ( 1 9 7 0 )  f o u n d  th a t  
a d d it io n  o f  a m m o n iu m  sa lts  t o  a  fe r m e n t in g  s o lu t io n  r e s u lte d  g e n e r a lly  in  a d e 
c re a se  o f  h ig h e r  a lc o h o l  p r o d u c t io n . T h e ir  e x p la n a t io n  is th a t  e x c e s s  a m m o n iu m  
io n s  p r o m o te  an  a c c u m u la t io n  o f  a m in o  a c id s , d e c r e a s in g  th e  fo r m a t io n  o f  
a c e t o la c t ic  a c id s  a n d  o f  fu s e l  o i l .  S o m e  fu se l  o i ls ,  t y r o s o l  a n d  t r y p t o p h o l  fo r  
e x a m p le ,  w e r e  c o n s id e r e d  as b it te r  s u b s ta n c e s  b y  R ib e r e a u -G a y o n  &  S a p sis  
( 1 9 6 5 ) .  T h e  b i t t e r n e s s  o f  m a n y  a p p le  w in e s  m a y  b e  th e  r e su lt  o f  f e r m e n ta t io n  
c o n d i t io n s ,  p a r t ic u la r ly  y e a s t  n u tr ie n ts .

T a b le  3. T he in fluen ce o f  ju ice  tre a tm en t on  th e  b itte rn ess  of C ortland  apple w ine

A. P a ire d  c o m p a r is o n  t e s t
Selections o f th e  m ore  b i t te r  tas ting  sam ple

Pair* 154 164 174 184

154—164 5 11
1 7 4 -1 8 4 5 11
1 7 4 -1 5 4 6 10
1 8 4 -1 5 4 3 13
1 7 4 -1 6 4 9 7
1 6 4 -1 8 4 5 11

T o ta ls 14 25 22 35
Sum  squares (S ) = 196 + 625 + 484 + 1225 = 2 530

B. R a n k i n g  t e s t  ( in c r e a s in g  b i t t e r n e s s  s e q u e n c e )

Sign ificantly
A ssessm ents Sam ples* R ank to ta ls d iffe ren tf

16 154 29 yes
164 29 yes
174 51 yes
184 51 yes

* Codes are explained  in T able 1.
t  A ccord ing  to  K ram er’s tab les fo r P  = 0 .05  (A m erine e t  a l., 1965)
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S u m m a r iz in g  th e  v a lu e  o f  th e  t e s t s  u se d  in  m e a su r in g  b it te r n e s s  w e  c o n c lu d e  

th a t  th e  a n a ly t ic a l  p a n e l  s h o u ld  b e  c o m p o s e d  o f  a b o u t  te n  s e le c te d  a sse sso r s . 
T h e  s e n s o r y  m e t h o d  s h o u ld  b e  a d is c r im in a t iv e  o n e  fo r  a s p e c if ic  d if fe r e n c e .

A cknow ledgm ents

A  F u lb r ig h t-H a y s  s c h o la r s h ip  e n a b le d  o n e  a u th o r  (J .P .R .)  t o  w o r k  o n  th is  
p r o je c t  fo r  3  m o n th s .
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Technical note: Quality retention o f unblanched frozen vegetables 
by vacuum packing.
I. M ushrooms

E . S T E IN B U C H

In  c o n t r a s t  t o  c a n n in g  and  d r y in g , th e  f r e e z in g  p r e se r v a tio n  m e t h o d  h a s  b e e n  
u s e d  o n  a l im it e d  s c a le  fo r  m u s h r o o m s . T h e  f la v o u r , t e x t u r e  a n d  ju ic in e s s  
a p p e a r  t o  d e p e n d  h ig h ly  o n  th e  fr e e z in g  t im e  (A s tr o m  & L o n d a h l ,  1 9 6 9 ) .  
T r e ss le r  &  E v er s  ( 1 9 5 7 )  r e c o m m e n d  p r e p a r a tio n  a n d  f r e e z in g  th e  s a m e  d a y  
o n  w h ic h  th e  m u s h r o o m s  are p ic k e d  as w e l l  as s te a m  b la n c h in g  in  o r d e r  t o  
m a in ta in  q u a li ty .  G o r m le y  ( 1 9 7 2 )  m e n t io n s  fa v o u r a b le  e f f e c t s  o f  f r e o n  fr e e z in g ,  
h o w e v e r , th e  in d u s tr ia l  a p p lic a t io n  o f  th is  m e t h o d  m e e t s  t e c h n ic a l  p r o b le m s .  
M o r e o v e r , in  c o m p a r is o n  w i t h  o t h e r  fr o z e n  v e g e ta b le s ,  th e  q u a l i t y  o f  f r o z e n  
m u s h r o o m s  d o e s  n o t  m e e t  g e n e r a l s ta n d a r d s  fo r  c o n s u m e r  a c c e p ta n c e .  T h e  
b la n c h in g  tr e a tm e n t  w ill  g e n e r a lly  c a u se  a s u f f ic ie n t  in a c t iv a t io n  o f  e n z y m e s ,  
r e s u lt in g  in  a p r o d u c t  w it h o u t  s e r io u s  d is c o lo r a t io n s  a n d  o f f - f la v o u r s .  H o w 
e v e r , th e  t e x t u r e  o f  b la n c h e d  an d  n o r m a lly  fr o z e n  m u s h r o o m s  in d ic a te s  u n 
fa v o u r a b le  to u g h n e s s  (S t e in b u c h ,  1 9 7 9 ) .

E x p e r im e n ts  w i t h  th e  p r o c e s s in g  o f  u n b la n c h e d  m u s h r o o m s  c o n f ir m  e n z y m e -  
in d u c e d  d e f e c t s  w it h  regard  t o  c o lo u r  a n d  f la v o u r  a f te r  s to r a g e  fo r  6 —1 0  w e e k s  
a t — 2 0 ° C . T h e r e f o r e ,  th e  r e t e n t io n  o f  t e x t u r e  o f  th e s e  u n b la n c h e d  fr o z e n  
m u s h r o o m s  h a s  in d ic a te d  th e  n e c e s s i t y  o f  in v e s t ig a t io n  o f  a lte r n a t iv e  t e c h n o 
lo g ic a l  t r e a tm e n ts ,  w h ic h  m ig h t  a v o id  th e  h a r m fu l a c t io n  o f  e n z y m e s  in  th e  u n 
b la n c h e d  fr o z e n  p r o d u c t .  S in c e  th e  o x y g e n - d e p e n d e n c e  o f  m o s t  e n z y m e s  is 
g e n e r a lly  k n o w n , s o m e  e x p e r im e n t s  h a v e  b e e n  carr ied  o u t  in  regard  t o  th e  
r e m o v a l o f  o x y g e n  fr o m  th e  fr e s h  p r o d u c t .  T h e  r e m o v a l o f  air h a s  b e e n  a c h ie v e d  
b y  v a c u u m  p a c k in g  o f  th e  s l ic e d , u n b la n c h e d  m u s h r o o m s . T h e  r e s u lts  o f  th e  
fr e e z in g  e x p e r im e n ts  w ith  m u s h r o o m s , w h ic h  h a v e  b e e n  p r e tr e a te d  ( b y  v a r io u s  
m e t h o d s ) ,  are s u m m a r iz e d  in  T a b le  1.

T h e  s e n s o r y  e v a lu a t io n  o f  th e  p r o d u c t  a s h o r t  t im e  a f te r  fr e e z in g  d o e s  n o t  
d e liv e r  r e le v a n t  r e s u lt s ,  b e c a u s e  q u a l i t y  d e te r io r a t io n  c a n n o t  b e  c o r r e c t ly  
d e t e c t e d .  O n  th e  o t h e r  h a n d , th e  g r a v ity  o f  s to r a g e - t im e -d e p e n d in g  q u a l i ty  
a s p e c t s  m a y  b e  s h o w n  a fte r  p r o lo n g e d  s to r a g e  (T a b le  2 ) .

T h e  c o m p a r is o n  o f  th e  d a ta  o f  T a b le  1 an d  2 ,  in d ic a te s  th e  o b v io u s  c o lo u r  
a n d  f la v o u r  a lt e r a t io n s  o f  u n b la n c h e d  m u s h r o o m s  d u r in g  fr o z e n  s to r a g e ,  
h o w e v e r , th e  q u a l i t y  o f  u n b la n c h e d  v a c u u m  p a c k e d  m u s h r o o m s  s h o w s

Author’s address: E. Steinbuch, Sprenger Instituut, Haagsteeg 6, 6700 AA Wageningen,
The Netherlands.
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T able 1. Sensory  evaluation  of th e  qua lity  o f frozen  m ushroom s, as affec ted  by  b lanching 
and packaging, a f te r  1 m o n th ’s sto rage a t  20 C

Q u ality  aspects being 
evaluated

P re trea tm en t

b lanching
4-

cooling
1

slicing
1

freezing
4

packing

slicing
4

freezing
(freeze  flow ing) 

1
packing

slicing
4

vacuum  packing 
;

freezing

C olour yellow ish brow nish yellow
Flavour flat accep tab le n a tu ra l
T ex tu re to u g h good good

p r o m is in g  p r o s p e c ts .  B o t h  c o lo u r , f la v o u r  a n d  t e x t u r e  o f  th is  p r o d u c t  o b ta in  
h ig h  s c o r e s  o f  s e n s o r y  e v a lu a t io n , in d ic a t in g  o n ly  s lig h t  d i f fe r e n c e s  w i t h  fr e sh  
m u s h r o o m s . T h e  m a in te n a n c e  o f  c o lo u r  a n d  f la v o u r , h o w e v e r ,  a p p e a r  t o  b e  
h ig h ly  d e p e n d e n t  o n  th e  g a s  a n d  o x y g e n  p e r m e a b il ity  o f  th e  u se d  p a c k in g  
m a te r ia ls .

In  regard  t o  sh r in k a g e  lo s s e s ,  th e  v a c u u m  p a c k  p r o c e s s  a lso  s h o w s  p r o m is in g  
r e su lts . T h e  w e ig h t  d e c r e a s e  d u r in g  c o o k in g  o f  th e  u n b la n c h e d  v a c u u m  p a c k e d

T able 2. Sensory ev aluatio n  o f th e  q ua lity  o f  fro zen  m u sh ro om s as affec ted  b y  b lanching  
an d  packaging a f te r  3 m o n th s ’ sto rage a t  — 20 C

P re trea tm en t

Q u ality  aspects being 
evaluated

blanching
4

cooling
4

slicing
4

freezing
4

packing

slicing
4

freezing 
(free  flow ing) 

4
packing

slicing
4

vacuum  packing
4

freezing

C olour a little  dark brow n yellow ish
yellow ish

F lav our flat obvious off-flavour n a tu ra l
T ex tu re to u g h good good
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frozen m ushroom s was considerably less than the shrinking, w hich occurs 
during the blanching process, obviously caused by an unexplained retention  
or m aintenance o f  the tissue, when the product is not blanched before freezing. 
B oth the high quality and the lim ited weight losses o f  unblanched frozen  
mushroom s show favourable indications for the eventual application o f  this 
processing m ethod.
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Technical note: Selected functional properties o f a whey 
protein isolate

K. J. BURGESS a n d  J. KELLY

Cheese w hey contains approxim ately 20% o f  the proteins present in m ilk and 
the recovery o f  these proteins is therefore an im portant feature o f  m any w hey  
utilization processes. The high nutritional value o f  w hey protein is w ell docu
m ented (Wingerd, 1971; D elaney, 1976) and a denatured form o f  w hey protein  
(known com m ercially as ‘lactalbum in’) has been m anufactured for m any years 
as a protein supplem ent. However, protein ingredients are not often added to  
foods for their nutritional value alone. Most protein additives are used for a 
specific physical function, e.g. foam form ation, gelation, water and fat absorp
tion, and in this respect ‘lactalbum in’ has lim ited applications because o f  poor  
solubility.

New processes for w hey protein concentrate production are therefore  
designed to  recover the proteins in a soluble form in order to  fu lly  exp lo it  
their functional properties. Such processes include ultrafiltration, gel filtration, 
com plex form ation and precipitation procedures. The com position  and 
properties o f  a range o f  these w hey protein concentrates have been reviewed 
by Morr, Swenson & Richter (1 9 7 3 )  and D elaney (19 7 6 ).

A  disadvantage o f  m ost o f  these m ethods for w hey protein recovery is that 
the lipid fraction o f  the w hey is to a varying exten t concentrated w ith the 
protein. Apart from causing off-flavours during storage (D e Boer, D e Wit & 
Hiddink, 1977), the presence o f  fat in w hey protein concentrates is also known  
to  be detrim ental to  their foam ing (M cDonough e t  a l . ,  1974) and gelling  
(Sternberg, Chiang & Eberts, 1976) properties. Several attem pts have there
fore been made to reduce the fat content o f  w hey protein concentrates. These  
include centrifugal separation (Breslan, G onlet & Cross, 1975), filtration  
(Burgess, 1977 unpublished) and a com bination o f dem ineralization and pH 
adjustment (D e Wit, Klarenbeek & D e Boer, 1978). However, recent develop
m ents in the use o f  ion exchange celluloses for protein recovery have made 
possible the isolation o f  w hey protein o f  very high purity (Palmer, 1977).

It is claimed by the manufacturers that w hey protein isolates produced in 
this w ay possess unique functional properties (Palmer, 1977) but to-date no  
independent assessment has been reported. Selected functional properties o f

A u th o rs’ address: An F o ras  T alun ta is, M oorepark  R esearch C entre , F erm o y , Co. C ork, 
Ireland.
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the w hey protein isolate were therefore exam ined and compared w ith  those  
o f  fresh egg w hite and a w hey protein concentrate prepared by ultrafiltration.

Materials and m ethods

M a t e r i a l s

Whey protein isolate (WPI) was produced by the V iscose Group Ltd. in a 
700 litre pilot plant using regenerated ion exchange cellulose. Details o f  the 
recovery process have already been published (Palmer, 1977). Analysis (dry 
weight): protein, 95%; ash, 3%; fat, 0.5%.

Ultrafiltration w hey protein concentrate (WPC) was prepared by batch  
ultrafiltration (D .D .S. Laboratory M odule, type 600  membranes) o f  separated 
cheese w hey to a total solids content o f  22%. The concentrate was dried in a 
pilot scale spray drier (A nhydro Lab 3) w ith an outlet temperature o f  85°C . 
Analysis: protein, 58%; ash, 4%; fat, 5%. Raw egg-white was obtained from  
fresh hen eggs.

P r o t e i n  s o l u b i l i t y

Solutions o f  1% protein were made in distilled water and adjusted to pH 3,
4.5 and 8 with 1 NHC1 or 1 N N aO H . After m ixing for 30 min, solutions were 
centrifuged at 3000  g  for 10 min. Total nitrogen was determ ined in the super
natant by the micro-Kjeldahl m ethod (AO AC, 1970) and the percentage 
soluble protein calculated from this. N o correction was made for non-protein  
nitrogen.

G e l a t i o n  p r o p e r t i e s

G elation tem perature, gel water holding capacity and gel hardness and 
springiness were determined as described by Sternberg e t  a l. (1 9 7 6 ) using 11% 
protein solutions. This protein level was chosen because it compares w ith the 
protein concentration in egg-white (Shrim pton, 1969).

W h ip p in g  p r o p e r t i e s

Whipping tests were carried out on 11% protein solutions at their reconstituted  
pH.

Protein solutions (1 0 0 g )  were whipped in a K enw ood Chef food m ixer 
using the ‘K’ beater at full speed for 5 min. The specific foam volum e was
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measured by weighing a known volum e o f  foam (180  ml) and defined as the 
reciprocal o f  the foam  density.

The com plete foam  was then allowed to  drip through a 1 mm nylon  mesh  
in to  a measuring cylinder. Foam stability was defined as the volum e o f  liquid 
drained in 30  min.

Results and discussion

P r o t e i n  s o l u b i l i t y

Protein solubility data for the w hey protein isolate, the w hey protein con
centrate and egg-white are given in Table 1. The protein solubility o f  ultra
filtration w hey protein concentrate always exceeded 90% with only a small 
drop in solubility around the isoelectric point. This is in agreement with  
previous work (D elaney, 1976). Similarly the protein solubility o f  egg white  
always exceeded 98%. However, while the protein solubility o f  the whey  
protein isolate exceeded 98% at high (8 .0 ) and low (3 .0 ) pH, the solubility  
fell to  only 35% at pH 4.5 .

Solubility at pH 4.5  is often  used as a measure o f  denaturation in whey  
protein system s (D elaney, D onnelly & O’Sullivan, 1973) and the low  protein  
solubility o f  the w hey protein isolate at this pH therefore suggests that the 
protein recovery process in some way altered the native structure o f  the w hey  
protein. This may be explained by the alkaline (pH 9) conditions used in the 
recovery process. A t this high pH, the repulsive forces within the protein  
m olecules are large and cause the m olecules to  open up and unfold. Processing 
temperature (50°C  for the isolate studied) also affects this m olecular un
folding since it has been shown that the protein solubility at pH 4.5 o f  whey  
protein isolate recovered at 2 0 °C is over 75% (Phillips, 1977, personal com 
m unication).

In spite o f  its low solubility at pH 4 .5 , the whey protein isolate was alm ost 
com pletely soluble at pH 3 and is therefore suitable for the protein supple
m entation o f  carbonated beverages where a pH o f  3 .5  is usual (D e Boer e t  a l . ,
1977).

Table 1. P ro tein  so lu b ility  o f egg and w hey pro te in s

P ro te in  so lub ility

Protein pH 3.0 pH 4.5 pH 8.0

W hey p ro te in  iso late (W PI) 98.4 35.0 99.2
W hey p ro te in  co n cen tra te  
(WPC) 94.6 90 .2 95.9
Egg-white 98.6 99.3 99.0
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Som e o f  the gelling properties o f  the WPI are given in Table 2 , w ith  the 
relevant properties o f  egg w hite and WPC included for com parison. The gelation  
temperature o f  egg white (60° C) is generally considered low  compared to other 
protein sources but the gelation temperature o f  WPI was shown to be lower 
still, an indication o f  its excellent gelling properties. The gel temperature o f  
WPI was not particularly pH sensitive, falling from 58°C  at pH 7 to 56°C  at 
pH 9, compared to 74  and 67°C  respectively for WPC.

G ellin g  p ro p e r tie s

Table 2. Gelling p rop ertie s  o f  egg and w hey p ro te in s  (11%  p ro te in )

Protein pH

G elation
tem p era tu re
(°C )

W ater hold ing 
cap acity
(%) H ardness Springiness

Egg w hite 8.5 60 97.8 7.2 0.59
W hey p ro te in  iso late 7.0 58 98.4 8.4 0.65

8.0 56 99 .0 5.2 0 .60
9.0 56 98 .2 5.2 0.58

U ltra filtra tio n  WPC 7.0 74 90.6 7.8 0.42
8.0 69 a a a
9.0 67 a a a

a. N o t m easured

Ferry (1 9 4 8 ) has described gelation as a 2-stage process: initial denaturation  
o f  native protein into unfolded polypeptides, then gradual association to form  
the gel matrix. The unfolded m olecular nature o f  the WPI therefore accelerated  
gelation since the first stage o f the process was at least partially com plete. In 
the case o f  the WPC, the presence o f lipid may have reduced the ability o f  the 
protein to  gel through the com petition o f  lipid com ponents for the hydrogen  
bonding sites involved in association.

The water holding capacity o f  WPI gels was excellent and was approxim ately  
the same as that o f  egg w hite at 98% retention. WPC gels were slightly inferior 
w ith a value o f  on ly 90% retention.

WPI gels were harder than egg-white gels at pH 7 but softer at pH 9 and 8, 
though they were still firm under these conditions. WPI gels were also quite 
springy like egg w hite gels in contrast to the relatively inelastic WPC gels.

W h ip p in g  p r o p e r t i e s

Table 3 compares the whipping properties o f  som e w hey protein concentrates 
with those o f  egg w hite. The WPI solution (11% protein) gave a foam with  
approxim ately the same specific volum e as egg w hite foam (lO m l/g ), while the 
WPC gave a foam with a specific volum e o f only 2.5 ml/g.
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T able 3. W hipping p rop ertie s  o f egg and w hey  p ro te in s  (11%  p ro te in )

P ro te in
Specific foam  value 
m l/g

D rainage at 30 m in 
ml

Egg w h ite 10.0 12
W hey p ro te in  iso late 10.2 8
W hey p ro te in  co n cen tra te 2.5 100
*W hey p ro te in  iso late 3.1 4
*Egg w hite 3.5 2

*100  g p ro te in  so lu tio n  + 100 g sucrose

The stability o f  the WPI foam  was excellent w ith only 8 ml drainage after 
3 0 m in. This compared very favourably w ith  the egg w hite foam where 12 ml 
drainage had occurred in the same tim e. In contrast, the foam o f  the WPC had 
com pletely collapsed after 30 min (1 0 0  ml drainage). The poor specific volum e 
and stability o f  the WPC prepared by ultrafiltration was attributed to  the 
relatively high fat content o f  this concentrate (5%).

In food system s, sugar is often present in protein foams. The effect o f  added 
sugar on  the whipping properties o f  WPI and egg w hite is shown in Table 3. The 
specific volum e o f  the foam s was considerably reduced by the addition o f  sugar. 
The specific volum e o f  the egg white foam (3 .5  m l/g) was slightly higher than 
that o f  the WPI (3.1 m l/g) after sugar addition ( 1 0 0 g). However, the stability  
o f  each foam was improved by sugar addition with only 2 and 4 ml drainage 
from egg w hite and WPI foam s respectively.

These lim ited data indicate that the whey protein isolate should find a 
num ber o f  uses in the food industry as an egg w hite replacer.
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Book reviews

The Analysis o f  Nutrients in Food. By D. R. Osborne and P. Voogt.
London: A cadem ic Press, 1978. Pp. vii + 251. £1 0 .5 0 .
This book is the latest in the series o f  F ood Science and T echnology m on o
graphs and sets out to  provide the analyst w ith a set o f  reliable procedures for 
the determ ination o f  significant dietary nutrients. It is divided into tw o parts; 
Part I contains som e useful but fairly elem entary background inform ation on  
the chem istry and biochem istry o f  micro and macro nutrients (Chapters 1 and 
2) recom m ended intakes o f  nutrients (Chapter 4 ), food  com position  tables 
(Chapter 5), a reasonably com prehensive appendix o f  references to both books 
and published papers for further reading, and a short chapter on analysis o f  
nutrients (Chapter 3) which would have been better placed as an introduction  
to Part II. Analytical m ethods are described in Part II for m oisture and total 
solids, proteins and nitrogenous com pounds, carbohydrates (Where, unfortu
nately, the m ethods for ‘crude’ and ‘acid detergent’ fibre are inadequate for the 
measurem ent o f  dietary fibre), lipids, inorganic constituents, and fat and water- 
soluble vitamins with a brief section on the calculation o f  calorific value. On 
the w hole the m ethods are detailed, well laid out and easy to fo llow  although  
the more sophisticated techniques such as gas and high perform ance liquid 
chrom atography are introduced in a very matter-of-fact manner w ith  no real 
indication o f  the problems likely to be encountered, and those wishing to 
analyse Vitamin D in margarine by gas chromatography may be put o ff  by the 
suggested m ethod when they learn that a mass spectrom eter is required to 
overcom e the effects o f  interfering substances. The book is well presented  
although Part I does seem overlong (97  pages compared to 141 pages in Part 
II); the typescript is clear and there are very few  typographical errors. It should  
prove a useful addition to the library shelf although analysts requiring m ethods 
for one or tw o specific com ponents might be better advised to try a literature 
survey first.

A .  H o b s o n - F r o h o c k

Books Received
Food Poisoning and Food Hygiene (4 th  edn). By B. C. Hobbs and R. J. Gilbert. 
London: Edward Arnold, 1978. Pp. VIII + 366 . Paperback, £4 .50 .
The new edition o f  this well established book has been revised and brought up 
to date.



3 3 2 B o o k  re v ie w s
The Life o f Yeasts (2nd edn). By H. J. Pfaff, M. W. Miller and E. M. Mrak. 
Cambridge, Mass: Harvard University Press, 1978. Pp. IX + 341. £1 0 .5 0 .
A  com prehensive tex t which has been written for non-specialists. The new  
edition  has been revised to incorporate knowledge gained since 1968.

Advances in Food Research, V olum e 24. Ed. by C. O. Chichester.
N ew  York: A cadem ic Press, 1978. Pp. VII + 378. U S $32 .00 .
The present volum e contains m onographs on the follow ing topics: sulph- 
hydryl and disulphide groups in m eat, histam ine(?) tox ic ity  from fish products, 
food  irradiation, tea, honey.

G lutam ic A cid. Advances in Biochem istry and Physiology. Ed. by L. J. Filer Jr, 
S. Garattini, M. R. Kare, W. A. R eynolds and R. J. Wurtman.
New York: Raven Press, 1979. Pp. XIV + 40 0 . U S $ 36 .40 .
A collection  o f  tw enty-six papers dealing with sensory and dietary aspects o f  
glutam ate, its m etabolism  in mammals, glutamate in the central nervous system , 
safety evaluation and clinical aspects o f  glutamate utilization.

Food and People (3rd edn). By M. E. Lowenberg, J. R. Savage, E. N . Tod- 
hunter, J. L. Lubawski and E. D. Wilson.
N ew  York: John W iley & Sons, 1979. Pp. VIII + 382 . £8 .50 .
This book is intended for undergraduate students in food  technology and hom e  
econom ics. It develops in a general con text the im portance o f  food  and nutri
tion in the life and affairs o f  com m unities.

Animal Feeds and Pet Foods. R ecent D evelopm ents 
Food T echnology Review No. 50 . By C. S. Sedano.
N ew  Jersey. N oyes Data Corporation, 1979. Pp. XI + 257 . U S $36 .00 .



C a i t y o u  m e a s u r e  
s p e c i f i c  s u g a r  

c o n c e n t r a t io n  
i n  6 0  s e c o n d s ?

Y e s - w i t h  th e  YSI in d u s tr ia l  
A n a ly se r y o u  g e t  a d ig ita l read  
o u t  in o n e  m in u te .
Unlike other assay methods it provides 
measurements specific to the sugar 
being analysed. Designed for use in 
the quality control laboratory or on the 
production line in the food, drinks and 
pharmaceutical industries. The 
simplified assay procedure combines 
immobilised enzyme technique with a 
linear electro-chem ical sensor. The 
enzymes can be re-used indefinitely. 
No costly reagents are needed. 
Operating costs are only a few pence 
per test.
Other advantages include: Built in 
tem perature compensation. No sample 
carry-over. N o  optical adjustments. . 
Freedom from the interference which 
can occur with refractometers, density 
meters or manual methods.
Write or phone for full technical data 
or for dem o n stra tio n  o f the YSI 27 in 
your lab.

C l a n d o n
S c i e n t i f i c

Clandon Scientific Ltd., 
Lysons Avenue, Ash Vale, 
Aldershot, Hants. GU12 5QR 
Tel: Farnborough 514711 
Telex 858210 Instco G

Food Poisoning and Food Hygiene
Fourth edition
Betty C. Hobbs and Richard J. Gilbert

The aim of this book is to bring the essential facts about food poisoning and its prevention to the attention of everyone engaged in the production, preparation or 
sale of food. The book is composed for those who teach the principles which 
govern the prevention of food poisoning, the local authority environmental health 
officers, community physicians, managerial staff of food stores and factories, canteen supervisors and teachers and students in schools of catering and domestic 
science.
Food hygiene is not only concerned with the spread of infection from the human carrier to food -  of greater importance is the prevention of spread of contamination 
in the kitchen, shop, factory and abattoir and especially to avoid the transfer of 
bacteria from raw to cooked foods. This book aims to provide part of the greater emphasis necessary in teaching about the chain of infection from animal to food 
to man and to present the practical information that is required to prevent food 
poisoning. Legislation is also included as it plays an important role in food hygiene.
The facts and opinions expressed in this book are derived from the efforts of many workers in microbiology and public health and the suggested teaching notes 
are the result of collaboration with experienced teachers of the subject.

352 pages 65 illustrations Paper £4.50

Edward Arnold
41 Bedford Square, London WC1B 3DQ
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A J m C v r a i n c x x« Park Cakes
T echnologist/Food Scientist
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Park Cakes, part of the Northern Foods Group, manufactures and distributes a wide 
range of high quality cakes for the branded, own label and export markets.
We pride ourselves in our very high standards and we now require an additional food 
technologist/scientist to be concerned with value analysis and technical project work.
Applicants male/female should at least possess an HND and oreferably a degree in food 
technology/food science.
We offer a competitive salary plus the usual large-company fringe benefits. Re-location 
expenses will be paid where necessary.
Applications giving details of experience, age and current salary should be addressed to

Mr F. Blanchard, Personnel Manager,
Park Cakes Limited, Ashton Road,
Oldham OL8 2ND.
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Food Microscopy
edited by J. G. Vaughan
M ay /Ju n e  1979, xv i+ 652  pp., £29.60 0.12.715350.0

Modifications to the light microscope and the development of the electron microscope have greatly 
increased the im portance of microscopy in the practice of food science. However, no com prehensive 
account of these advances has yet appeared. This book breaks new ground in showing how light and 
electron microscopy can be used to investigate problems of food processing, acceptability and 
deterioration. It also covers the problem of the identification of food constituents, which has been 
intensified by recent legislation, particularly with regard to animal feeds. It is illustrated with a large 
num ber of high resolution light and electron micrographs, and it also presents a computer 
program for the rapid identification of certain food constituents.

Food Science and Technology: A series of Monographs

Food Texture and Rheology
edited by P. Sherman
M ay /Ju n e  1979, x +456 pp., £20.00 0.12.639960.3
This book provides an up-to-date appraisal of current thought, developments and practice in the 
study of food texture. It contains papers which were presented at a recent symposium held in 
London and organised on behalf of the International Union of Food Science and Technology.
The papers offer critical reviews of the present state of knowledge as well as reports on recent 
original research on food texture. Subjects treated range through the sensory evaluation of textural 
properties; instrumental test methodology for textural properties and problems encountered in 
instrumental testing; and the rheology of vegetable proteins, of dough and baked produce and of 
m iscellaneous food products. This book will interest students of food science and researchers in 
the food manufacturing industries.

Academic Press
L o n d o n  N e w  Y o r k  S a n  F r a n c i s c o
A subsidiary o f  Harcourt Brace Jovanovich, Publishers 
24-28 Oval Road, London NW1, England 
111 Fifth Avenue, New York, NY 10003, USA 
Australian Office: PO Box 300, North Ryde, NSW 2113 Australia
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J O U R N A L  O F  F O O D  T E C H N O L O G Y :  N O T I C E  T O  C O N T R I B U T O R S
The Journal of Food Technology publishes original 
contributions to knowledge of food science and tech
nology and also review articles in the same field. 
Papers are accepted on the understanding that they 
have not been and will not be, published elsewhere in 
whole, or in part, without the Editor’s permission. 
Papers accepted become the copyright of the Journal. 
This journal is covered by Current Contents.

Typescripts (two complete copies) should be sent to 
the Editor, Dr H. Liebmann, c/o Research and De
velopment Department, Metal Box Ltd, Twyford 
Abbey Road, London NVV10 7XQ,. Papers should be 
typewritten on one side of the paper only, with a 1 £ inch 
margin, and the lines should be double-spaced. In addi
tion to the title of the paper there should be a ‘running 
title1 (for page headings) of not more than 45 letters (in
cluding spaces). The paper should bear the name of the 
author(s) and of the laboratory or research institute 
where the work has been carried out. The full postal 
address of the principal author should be given as a 
footnote. (The proofs will be sent to this author and 
address unless otherwise indicated.) The Editor 
reserves the right to make literary corrections.

Arrangement. Papers should normally be divided 
into: (a) Summary, brief, self-contained and embody
ing the main conclusions; (b) Introduction; (c) 
Materials and methods; (d) Results, as concise as 
possible (both tables and figures illustrating the same 
data will rarely be permitted); (e) Discussion and 
conclusions; (f) Acknowledgments; (g) References.

References. Only papers closely related to the 
authors’ work should be included; exhaustive lists 
should be avoided. References should be made by 
giving the author’s surname, with the year of publica
tion in parentheses. When reference is made to a work 
by three authors all names should be given when cited 
for the first time, and thereafter only the first name, 
adding et al., e.g. Smith et al. (1958). The ‘et al.’ 
form should always be used for works by four or more 
authors. If  several papers by the same author and 
from the same year are cited, a, b, c, etc. should be put 
after the year of publication, e.g. Smith et al. (1958a). 
All references should be brought together at the end of 
the paper in alphabetical order. References to articles 
and papers should mention (a) name(s) of the author (s) 
(b) year of publication in parentheses; (c) title of 
journal, underlined, abbreviated according to the 
World List o f  Scientific Publications, 4th edn and supple
ments; (d) volume number; number of first page of 
article. References to books and monographs should 
include (a) name(s) and initials of author(s) or 
editor(s); year of publication in parentheses; (b) title, 
underlined; (c) edition; (d) page referred to; (e) 
publisher; (f) place.

Standard usage. The Concise Oxford English Dictionary 
is used as a reference for all spelling and hyphenation. 
Statistics and measurements should always be given in 
figures, i.e. 10 min, 20 hr, 5 ml, except where the 
number begins the sentence. When the number does not 
refer to a unit of measurement, it is spelt out except 
where the number is one hundred or greater.

Abbreviations. Abbreviations for some commoner 
units are given below. The abbreviation for the plural 
of a unit is the same as that for the singular. Wherever 
possible the metric S I units should be used unless 
they conflict with generally accepted current practice. 
Conversion factors to S I units are shown where 
appropriate.

S I U N IT S
gram g Joule J
kilogram kg =  103g Newton N
milligram mg =  10“3 g Watt W
metre m Centigrade °c
millimetre mm =  10-3 m hour hr
micrometre ¡ira  =  10-6 m minute min
nanometre nm =  10-9 m second sec
litre 1 =  10~3 m3

N O N  S I U N IT S
inch in =  25-4 mm
foot ft =  0-3048 m
square inch in2 =  645-16 mm2
square foot ft2 =  0-092903 m2
cubic inch in3 -  1-63871 x I04 mm3
cubic foot ft3 =  0-028317 m3
gallon gal =  4-5461 1
pound lb =  0-453592 kg
pound/cubic

inch lb in-3 =  2-76799 x 104 kg m_s
dyne =  10-5N
calorie (15°C) cal =  4-1855 J
British Thermal

Unit BTU =  1055-06 J
Horsepower HP =  745-700 W
Fahrenheit °F =  9/5 r°C  +  32

Figures. In the text these should be given Arabic 
numbers, e.g. Fig. 3. They should'be marked on the 
backs with the name(s) of the author (s) and the title of 
the paper. Where there is any possible doubt as to 
the orientation of a figure the top should be marked 
with an arrow. Each figure must bear a reference 
number corresponding to a similar number in the 
text. Photographs and photomicrographs should be 
unmounted glossy prints and should not be retouched. 
Line diagrams should be on separate sheets; they 
should be drawn with black Indian ink on white 
paper and should be about four times the area of the 
final reproduction. Lines and lettering should be of 
sufficient thickness and size to stand reduction to one- 
half or one-third. Whenever possible, the originals of 
line diagrams, prepared as described above, should be 
submitted and not photographs. The legends of all the 
figures should be typed together on a single sheet of 
paper headed ‘Legends to figures’.

Tables. There should be as few tables as possible and 
these should include only essential data; the data 
should not be crowded together. The main heading 
should be in bold with an Arabic number, e.g. 
Table 2. Each table must have a caption in small 
letters. Vertical lines should not be used.

Offprints. Fifty offprints will be issued free with each 
paper but additional copies may be purchased if 
ordered on the printed card which will be sent to the 
senior author with the proofs.
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