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An assessment of acceptance sampling plans as applied to 
foodstuffs

D . O. BILTCLIFFE,* J. P. S H R O U D E R ,t E. H. STEINER+ and 
R. W O O D §

Summary

The application o f acceptance sampling plans, based on criteria given in two 
U .S . Military Standards, to evaluate the sulphur dioxide content in the 
sausage meat portion o f sausage rolls produced by a batch process, has been  
investigated.

It was found that acceptance sampling plans could be successfully drawn up 
using values given in the Military Standards and that the m ost econom ical 
plans which are statistically sound would probably be based on variables 
sampling with unknown standard deviations (s.d .). The critical requirement, 
that o f normality o f distribution o f the criterion being considered throughout 
the batch, is shown to be com plied with in this trial.

Introduction

The European Com m unity (E .C .) has embarked on a programme of 
harmonization o f food standards throughout the Member States. W hen 
agreem ent on standards for any particular com m odity is obtained the 
Comm unity adopts a Council D irective, appropriate to that com m odity, 
which is then published in the Official Journal o f the European Comm unities. 
There is a requirem ent in each of the Foodstuffs Directives thus far adopted  
for m ethods o f both sampling and analysis to be elaborated to enforce the 
com m odity standards. M ethods o f analysis D irectives have been proposed and 
adopted for som e com m odities such as sugars (E E C , 1979a) and coffee  
extracts (E E C , 1979b); discussion on m ethods of sampling for foodstuffs is
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still at an early stage in the Comm unity and no sampling D irectives have been  
adopted since the U .K . accession to the Community.

M ost discussion that there has been on sampling has taken place in 
Com m ission M ethods o f Sampling W orking Groups. The discussions are 
becom ing clearly separated into the two aspects of sampling: (1) The 
procedures for physically obtaining samples from a lot; (2) The number of 
sam ples to be taken for analysis and the interpretation to be placed on the 
analytical results obtained.

The incorporation o f m ethods of sampling for foodstuffs in legislation  
would be requirem ents new to the U nited Kingdom. To date there have only 
been two exam ples of sampling requirements laid down in Regulations made 
under the Food and Drugs A cts, these being the procedures for the sampling 
of flour in mills (SI, 1963) and preservatives on citrus fruit and bananas (SI,
1979). Neither procedure is particularly extensive.

There has been progress made within Comm ission W orking Groups on 
laying down procedures for obtaining samples and draft D irectives specifying 
such procedures have been prepared for som e com m odities. T hese have been  
based on m ethods which have been proposed by International Organizations, 
as in the guide on sampling procedures for milk and milk products by the 
International Dairy Federation (ID F , 1980). To date no significant progress 
has been made within any Com m ission W orking Groups on the interpretation  
to be placed on analytical results. H ow ever, in order to proceed in this area, 
consideration will have to be given to acceptance sampling plans whereby an 
assessm ent may be m ade of the quality of a com plete batch as the result of the 
analysis o f a small number o f samples from that batch.

A cceptance sampling plans have been discussed for various individual 
com m odities. They have been based on the two U .S . Military Standards: M IL  
STD 105 (o f April 1963): Sampling Procedures and Tables for Inspection by 
Attributes; and M IL STD 414 (o f June 1957): Sampling Procedures and 
Tables for Inspection by Variables for Percent D efective.

The Ministry o f Agriculture, Fisheries and Food (M AFF) decided to apply 
the various types o f acceptance sampling plans to a food manufacturing 
process to test practically the efficiencies o f each type of plan and to assess the 
difficulties that might be encountered should any of the plans be prescribed by 
legislation. The types o f plan tested were: (1) Sampling by variables with 
known standard deviation, (2) sampling by variables with unknown standard 
deviation, (3) sam ples by attributes.

It was decided to carry out analyses for one criterion on 300 individual items 
taken from a production run. This number was chosen as being large 
com pared to the sample sizes (five and twenty) that it was proposed to adopt 
in the sampling plans being tested. Each o f the plans was then applied to a 
random selection from the 300 m easurements.

A  product was selected  for the trial such that a statutory limit was 
prescribed for the chosen variable in the product and that the value o f the 
particular variable would probably change throughout the production run.

D. O. Biltcliffe et al.
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In addition to the statutory limit it was necessary to set artificial ‘project’ 
limits for the purpose o f the statistical analysis of the samples so that the 
production run could be designated ‘good ’ or ‘bad’.

The criterion sulphur dioxide in the sausage meat portion o f uncooked  
sausage rolls was selected  as being suitable— both practically (a factory 
producing sausage rolls was willing to provide samples to help the project and 
the analyses for sulphur dioxide content would be relatively quick) and 
theoretically (variation should occur throughout the lot as the chemical was 
being incorporated into the bulk mix via a pre-mix). There is a statutory limit 
(450 mg/kg) and ‘project lim its’ could be readily set.

Materials and methods

The sam ples were taken from the sausage roll factory of Kraft Foods Ltd, 
Bristol.

The production o f sausage rolls was carried out by a batch process but with 
each batch being made up of several tubs— each of which may, though should  
not, have its own characteristics.

A preliminary analysis of fifty samples from one tub was carried out to 
assess the practicability of the procedure (m ethod of analysis to be used, 
sample preparation and storage, hom ogeneity of tub).

The laboratory undertaking the analysis for sulphur dioxide content 
received two w hole uncooked frozen sausage rolls as a ‘sam ple’ packaged 
together in a plastic bag. On receipt by the laboratory they were allowed to 
thaw for about 45 min, thus enabling the casing to be removed cleanly. After  
removal the two centre portions were com bined and weighed.

The weight was recorded (normally in the region of 50 g) and the two 
centres were placed in a plastic bag and re-frozen. The whole frozen centres 
were used as the analysis portion.

A  ‘sim ple’ m ethod o f analysis, with a repeatability of about 3 mg/kg, was 
used for the determ ination o f the sulphur dioxide content. It involved the 
distillation o f sulphur dioxide from all the (about 50 g) sausage meat sample in 
a hydrochloric acid medium into 50 ml N/50 iodine followed by back titration 
of excess iodine against N/50 sodium thiosulphate. Losses of iodine were 
minimized by not com pleting the water seal until boiling had begun, and by 
using a heat screen to protect the N/50 iodine.

The sam ples were taken in ‘clusters’ o f five at times throughout the use of 
the tub. Two ‘identical’ sets of clusters were taken as follows: (1) 5 x 5  
‘clusters’ taken throughout the time o f use of the tub, including one set at ‘full’ 
tub and one set at ‘em pty’; and (2) 5 x 5  ‘clusters’ taken at the same time as (1) 
above. Set (2) was deep frozen and analysed at intervals throughout a w eek. 
Set (1) was analysed on receipt of samples at the start of the week.

Exam ination o f the results showed that there was variation between the 
sulphur dioxide content of each cluster in each set, varying from 232.8 to
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290.6 mg/kg in Set (1) and 228.7 to 292.6 mg/kg in Set (2). The sulphur 
dioxide content increased as more material was used from the tub, suggesting 
that the sausage m eat mix in the tub was not hom ogeneous.

There was little difference between the mean values of the sulphur dioxide 
content of the corresponding clusters in Sets (1) and (2), indicating that there 
was no significant loss of sulphur dioxide on storage of the sample in the deep  
frozen state and that samples could therefore be safely kept deep frozen  
betw een being sam pled and analysed.

The second part o f the trial consisted of the taking and analysis o f 300 
samples from six tubs o f sausage meat mix, all o f which originated from one 
production run and, therefore, from one batch. The samples were again taken 
in ‘clusters’ as for the first part of the trial. A n adequate number of tubs, 
clusters and sam ples was required to allow the com ponents of variation to be 
estim ated with sufficient precision and from past experience it was decided to 
use five clusters per tub and ten samples per cluster. Because of the large 
number of sam ples involved and the practical limit on the number of analyses 
which could be carried out each day, the analytical work was spread over five 
days with sixty sam ples being analysed each day. Part of each tub was analysed 
each day to ensure that any variation occurring on a day-to-day basis was not 
attributed to com positional differences between tubs. Additionally samples 
from within each cluster were analysed on separate days. The order of analysis 
for each day was randomized.

Results and discussion

The concentration of S 0 2 (m g/kg) found in the 300 samples ranged from 2f 1 
to 350, with mean value 285 and s.d. 21. The distribution was exam ined for 
normality and Fig. 1 shows concentration plotted against cumulative fre
quency on probability paper. The points lay close to a straight line except at 
the lower end of the distribution. The reason for the non-normal distribution  
of the sulphur dioxide concentration o f the lower concentration was not 
ascertained.

The fact that the distribution probably conform ed approximately to normal 
was confirm ed by applying the X2 test to the expected and observed  
frequencies after subdividing the data into groups at 10 mg/kg intervals 
(X2= 9 .9 2 , 8 d .f.).

An analysis o f variance was carried out to exam ine the variation between  
tubs, betw een clusters within tubs, and residual within clusters. The latter 
included analytical errors and day-to-day variation. The result is given in 
Table 1.

The variation betw een tubs and between clusters were both highly 
significant (P < 0.001). In sampling sausages to take account of these 
variations, therefore, as many tubs as possible should be withdrawn and one 
or more sam ples taken from each at random.
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Figure 1. Plot of cum ulative frequencies on norm al probability  paper.

U nited States’ Military plans for sampling by attributes (M IL STD 105) and 
by variables (M IL STD 414), both known and unknown standard deviation, 
were tested for their effectiveness in separating good and bad batches of 
sausages. The particular plans selected for sampling by attributes are shown in 
Table 2. This gives the MIL STD code letters, the acceptable quality level 
(A Q L ) values, sample sizes and maximum number o f defective items 
perm itted in the sample for acceptance of the batch. The table also gives the 
percentage o f defectives in batches which the plans would pass 95% and 10% 
of the occasions on which such batches are exam ined.

Variable sampling plans were selected for the same sample sizes, namely 
five and tw enty, and the MIL STD code letters, A Q L  values and acceptance 
criteria are shown in Table 3. A lso  given are the proportion of occasions on

Table 1. Analysis of variance of data from the sulphur dioxide content of sausages

Source of variation
Sum of 
squares

Degree
of
freedom

Mean
square

Variance
ratio

Between tubs 62 670.9 5 12 534.2  (M t) M t/M e  =  10.55
Between clusters within tubs 28 511.2 24 1 188.0 (M b) M b/M r  = 7 .7 1
Residual 41 624.2 270 154.2 (M r ) —
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O perating characteristics 
N o. o f defectives ------------------------------------

M IL  STD
code letter A Q L (% )

Sample
size

in sam ple for 
acceptance o f batch

Defectives 
in batch  (% )

C hance of 
acceptance ( %)

C 2.5 5 0 1 . 0 95
36 .9 10

F 0.65 20 0 0 .26 95
10.9 10

F 2 .5 20 1 1 .8 95
18.1 10

which the plans would pass batches with the same percentage of defectiveness 
as those accepted 95% and 10% of the time by the attribute plans.

For the plans with known standard deviation the value of 21 mg/kg, 
previously established in the experim ent, was used in the acceptance criteria. 
Sample sizes o f twenty were not taken because of the high efficiency predicted 
for plans with sample size of five.

To test the validity o f applying the plans to the present data forty lots of five 
m easurem ents and forty lots of twenty measurements were abstracted 
randomly from the main bulk o f 300. Each abstraction of five or twenty was 
made from the w hole 300 values. Arbitrary ‘specifications’ for sulphur dioxide 
content were set so that the percentage of ‘defectives’ in the batch conform ed  
as nearly as possible to the nominal figures shown in Tables 2 and 3. The 
appropriate ‘specification’ limits were obtained by inspection of the original 
data and are shown in Table 4.

The actual number o f occasions on which a ‘good ’ batch (low percentage of 
defectives) and a ‘bad’ batch were accepted by the three types of plan applied

Table 3. U .S. M ilitary S tandard  M IL  STD  414 criteria for variables sam pling plans

O perating characteristics

Type o f  plan

M IL  STD
code
letter A Q L (% )

Sample
size k Value*

Defectives 
in batch  (%)

C hance o f 
acceptance (% )

U nknow n standard D 2 .5 5 1.24 1.0 97
deviation 36.9 9

>> H 4 .0 20 1.33 1 . 8 99 .5
18.1 9 .5

5 ) H 2.5 20 1.51 18.1 4

K now n standard F 2 .5 5 1.39 1.0 98
deviation 36.9 1

* Batch is accepted if x ^ .  U —ks  o r <; U —ko,  where x =  m ean value o f m easurem ents in sam ple; 
U=  upper specification; s = estim ated standard  deviation in sam ple; a =  know n standard  
deviation o f batch (21 mg/kg).
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Table 4. ‘Specification’ limits for sulphur dioxide to give percentage ‘defectives’ 
in batch conforming to Tables 3 and 4

Required ‘defectives’ 
in batch ( %)

Arbitrary ‘specification’ 
for SO2 (mg/kg)

Actual number of 
measurements in excess 
of ‘specification’

0.26 349 1 (0.33%)
1.0 329 3(1.0%)
1.8 324 6(2.0%)

10.9 310 33 (11.0%)
18.1 303 57(19.0%)
36.9 291 109 (36.3%)

Table 5. Numbers of occasions out of forty on which the sampling plans indicated acceptance of 
the batch

Size of sample Type of plan
Code
letter AQL (%)

Actual 
‘defectives’ 
in batch (%)

Number of occasions 
on which batch was 
accepted by plan

No. °//o

5 Attributes C 2.5 1.0 37 92.5
36.3 3 7.5

Variables D 2.5 1.0 38 95
(s.d. unknown) 36.3 2 5
Variables F 2.5 1.0 40 100
(s.d. known) 36.3 0 0

20 Attributes F 0.65 0.33 38 95
11.0 6 15

Attributes F 2.5 2.0 37 92.5
19.0 4 10

Variables H 4.0 2.0 39 97.5
(s.d. unknown) 19.0 5 12.5
Variables H 2.5 19.0 2 5
(s.d. unknown)

to forty sets o f five or twenty random measurements are given in Table 5. It 
can be seen by com parison o f the percentage figures with the chances of 
acceptance shown in Tables 2 and 3 that agreement with the MIL STD  
predictions was reasonably close. The superiority o f variables over attributes 
sampling is also dem onstrated.

Conclusions

The results o f the trial indicate that, as and when acceptance sampling plans 
are applied to foodstuffs, considerable care must be taken to define the batch
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that is to be sam pled. In this trial a batch is defined as consisting of six 
‘equivalent’ tubs of sausage meat mix. H owever, the results indicated that not 
only are the tubs significantly different from one to another in their sulphur 
dioxide content, but that each tub is itself heterogeneous. It would be 
reasonable to assume that if this is the case with sulphur dioxide, then the 
same situation regarding heterogeneity may arise with other parameters in the 
sausage meat m ix, notably the meat content. In such cases the values obtained  
may be closer to any statutory limits than in the present case (no sample 
exceeded , or even approached that limit).

Because food materials are not hom ogeneous the number of samples to be 
drawn must be sufficiently large to ensure, with high probability, that any 
statutory limit is not contravened in more than a small proportion of 
individual item s o f the product.

The application o f the acceptance sampling plan criteria and values laid 
down in the appropriate Military Standards was successful in that the number 
of times a batch would be accepted in practice was very close to that which is 
predicted theoretically.

The order of the powers of discrimination of each type of sampling plan was 
also as predicted, that is variables sampling with known standard deviation is 
the most discriminatory whereas attribute sampling is the least. A s the 
application o f variables sampling with known standard deviation is unlikely to 
occur in practical enforcem ent sampling— the standard deviation always being 
‘unknown’ in that situation— the more powerful of the other two types of 
sampling for com positional standards, variables sampling with unknown  
standard deviation, is most likely to be used. The critical requirement for the 
application o f this type of sampling, the distribution of the parameter to be 
studied being ‘norm al’ throughout the batch, is fulfilled in the exam ple 
considered in this study.

The use of variables sampling with unknown standard deviation for 
com positional standards is being advocated by the Codex Alimentarius 
Com m ission. The results of this trial endorse that view and the use of the two 
U .S . Military Standards to provide the acceptance criteria in any future 
statutory acceptance sampling plans is justified.
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Post-harvest physiology and storage of the white oyster 
m ushroom  P le u r o tu s  f la b e l la tu s

S. R A JA R A T H N A M , Z A K IA  B A N O  and M. V. P A T W A R D H A N

Summary

Changes in the post-harvest storage of the mushroom Pleurotus flabellatus at 
ambient tem perature were studied. There was a decrease in respiratory rate 
and soluble carbohydrates along with loss in water content. With progress in 
period o f storage, the fresh mushrooms showed an increase in the activities of  
O -diphenoloxidases and proteases accompanied wirh decrease of total 
phenols and increase in free amino acids respectively. The degree of 
discoloration increased with the lapse o f storage time.

Fresh mushroom s (200 g) packed in 25 yu,m thick polyethylene bags 
(1 6 x 2 5  cm) with one pin hole on either side stored up to a period of 24 hr at 
ambient tem perature and up to a period o f 6 days at 5±2°C  in the intact 
polyethylene bags.

Introduction

Fresh mushroom s have a high rate o f m etabolic activity which quickly declines 
and leads to deterioration. A lthough there are a number of studies aimed at 
extending the storage life of fresh mushrooms (Tom kins, 1966; G orm ley & 
M acCanna, 1967; Cam eron & Chappel, 1970; Nichols & Flammond, 1973, 
1974, 1976; G orm ley, 1976) relatively little work has been done on the 
physiological processes underlying post-harvest changes. Gorm ley & Mac
Canna (1967) defined a ‘Quality spectrum ’ for Agancus bisporus in which 
degree o f  growth (stem  elongation and cap opening), discoloration and 
changes in texture were item ized as the most important factors in consumer 
acceptance. Pleurotus m ushrooms are morphologically different and therefore 
the sam e quality spectrum cannot apply. The degree of whiteness, the texture 
and the nature o f fruit body margin are taken here as the major characteristics 
to define the ‘Quality spectrum' of P. flabellatus.
A u th o rs’ address: F ru it and V egetable Technology Discipline, C entral Food Technological 
R esearch Institu te , M ysore 570013 India.
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Pleurotus flabellatus is a white oyster mushroom which is cultivated for its 
edible spatulate fruit bodies which have a pleasant flavour. Requirem ents for 
the com m ercial cultivation o f this species have been standardized (Bano et a i,
1978) and is currently gaining the interest of commercial mushroom growers. 
The cultivation of P. flabellatus is suited to rural developm ent programmes 
(Bano et a i,  1979) and it is necessary in a country like India to preserve the 
freshness of harvested mushrooms for many days so that markets can be 
developed for this m ushroom. This study was an attempt to quantify som e of 
the physiological changes occurring in fresh mushrooms at ambient tem pera
ture and to study the storage life of fresh mushrooms packed in polyethylene  
bags at ambient and under refrigerated conditions.

Materials and methods

Post-harvest changes

Mushroom production. Fresh mushrooms raised on a substrate of wet 
chopped rice straw as described by Rajarathnam, W ankhede & Patwardhan
(1979) and harvested on the third day following primordia formation (when  
the margin of the fruit bodies becom es flat (see 3 in Fig. 1) and just when the 
spores start falling) were used in these studies. Batches of 50 g fresh 
m ushrooms were kept exposed at ambient temperature which ranged from  
2 2 -2 8 °C  at a relative humidity which ranged from 5 0 -7 0 %  and analysed  
successively at 0, 6, 12, 18 and 24 hr storage. For each stage o f analysis during 
the storage period of 24 hr. there were eight replicates, each weighing 50 g 
fresh.

Respiration rate. Carbon-dioxide produced by the fresh mushrooms 
exposed to open atm osphere was measured by the gas stream m ethod

S. Rajarathnam, Zakia Bano and M. V. Patwardhan

Figure 1. G row th stages of the m ushroom  P. flabellatus. 1. P inhead: 2, growing fruit body with 
m argin incurved: 3. grow ing fruit body with m argin flat (stage o f harvest); 4, over grown fruit 
body with margin up turned .
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(Srivastava & Narasim ham, 1967) and the results are expressed as milligram
mes o f C 0 2 produced per grammes of dry weight per hour.

Analytical extractions. Fifty grammes o f fresh mushroom sample or weight 
equivalent to 50 g fresh during storage of 24 hr was hom ogenized in 400 ml of 
70% ethanol, extracted over a boiling water bath for 1 hr and filtered. The 
residue was re-extracted with 70% ethanol. The filtrates were pooled and 
clarified by centrifugation at 4000 g for 15 min. The clear supernatant was 
concentrated under reduced pressure below 40°C to a final volum e of 100 ml 
and this was taken for further analyses. Three replicate samples were taken 
individually for extraction for each treatment as above.

Soluble carbohydrates, free amino acids and phenols were estim ated  
according to D ubois et al. (1956), Yem m  & Cocking (1955) and Swain & Hillis
(1959) respectively.

Enzyme assays. A cetone powders of mushroom samples at different lengths 
of storage period were prepared as described by Yamaguchi, Flwang & 
Campbell (1970) with slight modifications. An equivalent of 25 g fresh weight 
m ushrooms was hom ogenized in minimum amount o f 50 mM sodium  
phosphate buffer pH 6.5 to obtain a slurry. This was suspended in 500 ml of 
acetone at -2 0 °C  and the precipitate obtained was filtered immediately 
through a Buchner funnel. The residue was washed thoroughly with cold 
acetone, dried under vacuum at ambient temperature, weighed and stored 
under refrigeration.

One hundred milligrammes o f acetone powder was extracted in 20 ml of 
100 mM phosphate buffer pH 6.0 and centrifuged at 6000 g for 20 min. The 
clear supernatant was used as the enzym e source for assaying O- 
diphenoloxidase (Murr & Morris, 1975) and protease (Kunitz, 1947) 
activities. Enzym e protein was estim ated using the folin-phenol reagent 
(Lowry et al., 1951). Both the enzym e activities were expressed as A O D  per 
minute per milligram of protein.

Estimation o f degree o f whiteness. This was done using a photoelectric 
reflectom eter (Photovolt) having a tristimulus green filter and results are 
expressed as percentage of reflectance shown by the direct meter reading. The 
reflectom eter cell was calibrated using a standard block of magnesium  
carbonate which gave a dial reading of 100 in the reflectom eter. Reflectance 
of both dorsal and ventral surfaces o f the mushroom was recorded separately.

Texture measurement. Texture was measured with a Zenken Texturom eter, 
Japan, using a molar tooth shaped plunger and expressed as kilogrammes per 
volt. P ieces, 2 cm2 of m ushroom , sliced from the centre of the cap placed one  
above the other (so that gills faced outwards), were used for texture 
m easurem ent.

Storage studies

Storage experim ents were carried out in the polyethylene bags separately at 
(1) ambient (2 2 -2 8 °C ) and (2) at low (5± 2°C ) temperatures.



(1) Storage at ambient temperature, (a) Thickness of polyethylene bags: 
100 g of fresh mushrooms were packed in 25 and 50 gun thick polyethylene  
bags (16x25 cm) with and without five pinholes (each 1 mm in diam eter) on 
either side o f the lower half. These holes were made with a hot pin and were 
positioned as corners o f a rectangle (measuring 6x8 cm) and the fifth hole at 
the centre. The open end of the bag was tied with a piece of thread after 
introducing a rubber tube fitted with a glass rod. This arrangement was made 
to connect the rubber tube to the Hartman & Brown C 0 2 analyser. These 
m ushroom s w ere stored at ambient tem perature, (b) V entilation of 
polyethylene bags: Storage studies were carried out by packing 100 g fresh 
m ushrooms in 25 gun thick polythylene bags (16x25 cm) having one to five 
pinholes at the lower half on either side, (c) Package density: 50, 100, 150, 200 
and 250 g fresh mushroom s were packed in 25 ¿¿m thick polyethylene bags 
(16x25 cm) having one pinhole on either side and storage life studied at the 
ambient tem perature.

(2) Storage at low temperature. Two hundred grammes of fresh mushrooms 
contained in 25 gun thick polyethylene bags (16x25 cm) with and without one 
pinhole were stored at 5±2°C and studied for acceptability with lapse o f time.

In all the experim ents o f storage, eight replicates were taken for each 
treatm ent assorted in a com pletely randomized design. D egree of whiteness, 
texture, C 0 2 content inside the pack, m orphology (appearance) and taste of 
cooked mushroom s were studied. A  panel o f eight trained tasters scored 
cooked  m ushroom s according to the scale given below:

In6 S. Rajarathnam, Zakia Bano and M. V. Patwardhan

A cceptability
score D escription of cooked mushrooms

3 I
4
5
6
7
8 
9

The fresh m ushrooms showed morphological symptoms 
of deterioration and hence were not cooked

Unacceptable
A cceptable
Fair
G ood
Very good
Excellent (like fresh)

Results and discussion

Fresh m ushroom s stored at ambient temperature lost approximately 32% of 
their water content within 24 hr and their respiration rate also declined (Fig. 
2). A  slight increase in the respiration rate observed at 6 hr of storage might 
be due to the increased rate o f metabolism  associated with the shedding o f
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Figure 2. Changes in water content (O----- O ), soluble carbohydrates ( • ----- • )  and respiratory
rate ( A ----- A )  of the fresh fruit bodies of P . f la b e l la tu s .

spores. A  similar observation was made by Hammond & Nichols (1975) in A. 
bisporus. Soluble carbohydrates decreased during the post-harvest life 
indicating their probable utilization as respiratory substrate during the storage 
life. Protease activity increased throughout the 24 hr storage time with a 
concomitant rise in the free amino acids (Fig. 3). Such a liberation of low 
molecular weight nitrogenous compounds is thought to support the post
harvest development (Murr & Morris, 1975). O-diphenoloxidase activity

CO
■ D

Oo
oc
Ëo
CD
CD
til

Figure 3. Changes in protease activity (O ----- O ) and free amino acids ('
bodies of P . f l a b e l la t u s  during storage at ambient temperature.

9 in fresh fruit
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Period of storage ( h r )

Figure 4. Changes in O-diphenoloxidase activity (O----- O) and total phenols ( • ----- • )  in fresh
fruit bodies of F . f l a b e l la t u s  during storage at ambient temperature.

increased with a parallel decrease in total phenolic content (Fig. 4). The role 
of O-diphenoloxidase activity in browning of mushrooms is well known 
(Hughes, 1958, 1960; Markakis & Embs, 1966; Long & Alben, 1969). The loss 
in whiteness as measured by a photoelectric reflectometer agreed with the 
visual observation of brown colour developed with an increase in storage time 
(Table 1). The discoloration was more on the ventral gill bearing side than on

Table 1. Discoloration of fresh mushrooms when stored* exposed

Period of 
storage (hr)

Reflectances!
Reflectance of 
control (% )

D V D V

0 (fresh) 74af 62a 100 100
6 68b 54b 91.9 87.1

12 64c 48c 86.5 77.4
18 59d 42d 79.7 67.7
24 53e 33e 71.6 53.2
s.e. mean (35 d.f.) ± 1 .0 ± 0 .8

* A t ambient temperature (22-28 °C) and relative humidity 
(50-70%).

f  Direct meter reading; D , dorsal and V , ventral surface of the 
mushroom.

X Means within each column not followed by the same letter are 
significantly different according to Duncan’s new multiple range 
test (F < 0 .0 5 ) .
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Table 2. Quality of mushrooms stored* in 25 and 50 ^m thick polyethylene bags— intact and 
perforated (having five pinholes) for 24 hr

COa content 
inside the

Package material pack (% )
Texture
(kg/V)

Reflectancef Accepta
bility
scoreD V Morphology

Fresh mushrooms 0 5 .5a f 73a 62a White 9
25 fim thick, intact 7a 4.5b 63b 50b Like  fresh, slight 

fermented smell
7

25 m thick, perforated 0 4 .0c 58c 46c More soggy, no 
fermented smell

3

50 /u.m thick, intact 9b 4.0c 60c 45c Less soggy, 
fermented smell

4

50 /¿m thick, perforated 0 2.5d 53d 40d More soggy, 
discoloured

3

Exposed (control) 0

s.e. mean (14 d .f.)
± 0 .3

3 .5e

(42 d.f.) 
± 0 .2

52d

(42 d.f.) 
± 0 .9

37e

± 1 .1

Desiccated,
discoloured

2

Key as for Table 1.

the dorsal surface and this supports the fact that ohenol oxidases are 
concentrated in the gills.

By storing fresh mushrooms in 25 and 50 /iin thick polyethylene bags with 
and without fine pinholes, it was observed that C 0 2 accumulated in the intact 
bags, while in the perforated bags, there was a softening of the mushrooms, 
development of sogginess, fast discoloration and the mushrooms were not fit 
for consumption even up to a period of 24 hr of storage at ambient 
temperature (Table 2). Intact polyethylene bags, 25 gm  thick, were found to 
extend the storage life over a period of 24 hr with no appreciable loss of  
whiteness and texture, although a slight fermented smell was apparent which 
disappeared after cooking.

Studies on the effect of  the number of pinholes on the seeping quality of the 
fresh produce revealed a gradual decrease of accumulated levels of C 0 2 inside 
the pack, increased discoloration, increased tenderness and more sogginess 
with an increase in the number of pinholes. Mushrooms packed in 25 gm  thick 
polyethylene bags with a single pinhole on either side had no fermented smell 
and were found to be acceptable for over a storage period of 24 hr at ambient 
temperature (Table 3).

By packing a minimum of 50 g mushrooms in 25 /ion thick polyethylene  
bags (1 6 x 2 5  cm) with a single pinhole on either side, mushrooms became 
more soggy, discoloured and unmarketable on storage at an ambient 
temperature for 24 hr. By gradual increasing the package density from 50 to 
250 g there was an improvement in the storage quality with respect to colour, 
firmness, texture and general appearance. Mushrooms oacked at densities of  
20(1 and 250 g/package showed features almost akin to the fresh produce. The

l i
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Table 3. Effect of number of pinholes of 25 thick polyethylene bags on the storage* quality 
of fresh mushrooms for a period of 24 hr

No. of 
pinholes

CO 2 content 
inside the 
pack (% )

Texture
(kg/V)

Reflectance! Accepta
bility

Morphology scoreD V

Fresh — 4 .4 a f 68a 55a White 9
mushrooms
0 7a 4.0ab 62b 52b Not soggy, slight 7

1 2b 3.7b 60b 50bc
fermented smell 
Margins soggy, no 8

2 1 ,5bc 2 .5c 52c 48c
fermented smell 
Entire fruit bodies 5

3 1 ,0c 2 . led 45d 40d
soggy, discoloured 
Soggy, discoloured 4

5 0 1.7e 42d 35e
with stale smell 
Discoloured with 2

s.e. mean (28 d.f.) 
± 0 .2

(42 d.f.) 
± 0 .2

(42 d.f.) 
± 0 .9 ± 0 .9

stale smell

K ey as in Table 1.

optimum package density for a polyethylene bag of 16x25 cm size was 200, 
since 250 g caused tearing at the margins of the packed mushrooms (Table 4). 
With lower package densities of  50 g there was a lower concentration of C 0 2 
and more discoloration; with the highest package density studied there was

Table 4. Effect of different package densities on the storage* quality of fresh mushrooms

Package C O 2 content Reflectance! Accepta-
density inside the Texture bility
(g) pack (% ) (kg/V) D V Morphology score

Fresh
mushrooms

— 5 .5a f 69a 58a White 9

50 1 ,0a 1.5b 52b 42b More soggy, 
discoloured

4

100 2.0b 2.7c 63c 48c Soggy,
discoloured

5

150 3.5c 4.3d 65c 5 2d Less soggy, less 
discoloured

7

200 4.5d 5.0a 65c 55e Not soggy, not 
discoloured

8

250 5 .5e 5.2a 64c 53de Not soggy, not 
discoloured, 
margins split

8

s.e. mean (35 d.f.) (42 d.f.) (42 d.f.)
± 0 .2 ± 0 .2 ± 0 .8 ± 0 .9

K ey as in Table 1.
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Table 5. Storage of fresh mushrooms in 25 (im thick intact polyethylene bags at 5± 2°C

Duration 
of storage 
(days)

CO 2 content 
inside the 
pack (% )

Texture
(kg/V)

Reflectance*

Morphology

Accepta
bility
scoreD V

Fresh — 6a 70a 55a White 9
mushrooms
2 6.0a 6a 65b 53a Like  fresh 8
4 5.0b 6a 62c 48b Slightly soggy 8
6 4.5bc 4b 58d 40c Soggy 7
8 4.0c 3c 55e 36d More soggy, and 5

discoloured
s.e. mean (28 d.f.) (35 d.f.) (35 d.f.)

± 0 .3 ± 0 .2 ± 0 .8 ± 1 2 )

Key as in Table 1.

least browning and a greater accumulation of C 0 2. These results imply an 
indirect relationship between the accumulated concentration of C 0 2 and the 
degree of discoloration. It is well known that phenoloxidases (responsible for 
discoloration) require oxygen for their activity (Pugh & Raper, 1927; Pugh, 
1930; Dawson & Tarpley, 1951).

Mushrooms packed in polyethylene bags with one pinhole on either side 
stored at 5°C became very soggy within 2 to 3 days and hence the data 
collected on storage of mushrooms in intact polyethylene bags only is 
presented in Table 5. An optimum shelf life of 6 days was noticed with 
refrigerated storage of fresh mushrooms. After 6 days of storage, there was a 
decrease in the accumulation of C 0 2 inside the bag (possibly due to the fall in 
respiration rate) development o f  more sogginess, increased discoloration and 
loss o f  texture. D evelopm ent of more sogginess in mushrooms packed in 
polyethylene bags with one pinhole over those in intact polyethylene bags 
might be due to the condensation of higher levels of moisture produced due to 
fast respiration rate leading to fast deterioration in quality. The increased 
shelf life of  the fresh mushrooms under refrigerated conditions over that of  the 
ambient temperature indicates the role of low temperature in retarding the 
metabolic activity and the importance of refrigeration in extending the shelf 
life of fresh mushrooms is well known (Hughes, 1959; Dredge, 1964; Sveine, 
Klougart & Rasmussen, 1967).

Conclusions

The post-harvest storage life of fresh mushrooms of P. flabellatus was 
characterized by an initial high rate of respiration which then declined quickly, 
heavy loss in water content followed by increased toughness. There was an 
increase in O-diphenoloxidases, accompanied by a decrease in total phenols 
and progressive browning and also an increase in protease activity, followed
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by an increase in free amino acids. Fresh mushrooms packed in polyethylene  
bags (25 ¿urn thick) with a single pinhole stored at ambient temperature were 
of acceptable quality up to 24 hr only, while mushrooms stored at refrigerated 
temperature in polyethylene bags (25 ¿urn thick) without any pinhole were of 
acceptable quality up to 6 days. Further studies are required to extend their 
storage life at ambient temperature. This would be possible by adapting 
methods to decrease their respiration rate and loss in water content without 
altering the acceptability characteristics.
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The preparation of protein hydrolysate from defatted coconut 
and soybean meals
I I .  Quality and sensory evaluation of products

C H A Y  B. PH A M  and R. R. D E L  R O SA R IO

Summary

Protein hydrolysate prepared from defatted soybean meal and coconut meal 
using acid hydrolysis under different conditions were analysed and subjected 
to sensory evaluation. Analysis of amino acid after hydrolysis showed a 
10.32% reduction in the soybean product and a 31.93% reduction in coconut 
product. Chemical analyses showed similarities in pH, viscosity, salt content 
and reducing sugar between the hydrolysates and the commercial soy sauce 
sample. Both amino and total nitrogen and acidity were higher in the 
hydrolysate than the commercial sample.

Sensory evaluation showed that hydrolysed soybean products gave better 
scores in terms of colour, aroma, flavour and general acceptability than 
coconut products. Addition of soybean to coconut meal resulted in improved  
hydrolysed product.

Introduction

Protein hydrolysate has been used in China and Japan in the ancient times and 
the process which produced protein hydrolysate used the traditional fermenta
tive procedure (Lockwood & Smith, 195 0 -5 1 ) .  For the past 60 years, defatted  
soybean had been used to replace whole beans in the production of  
sovhydrolysate (Hesseltinc & Wang, 1968). Whole wheat or wheat flour have 
also been used. Japanese and Chinese shoyu are made from equal amounts of  
soybeans and wheat (Smith, 1949). The working ratio of soybean to wheat has 
been studied to find out conditions favourable for maximum mould growth, 
but unfavourable for bacterial growth (Ohara & Moriguchi, 1955). The 
substitute soybean products were prepared using corn, wheat and soybean  
(Oda, Ikeda & Tanimoto, 1949). Rice as substitute was tried by Yenko &

Authors’ address: Food Chemistry Laboratory, Department of Food Science and Technol
ogy, University of the Philippines at Los Banos College, Laguna 3720, Philippines.
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Baens-Arcega (1940) in the Philippines. As a cheap source of proteinaceous  
material, Baens-Arcega (1966) claimed successful use of a 50:50 mixture of 
copra meal and soybean in the mould process of manufacturing soysauce. This 
process however, was slow and took from 5 - 8  months to accomplish. The 
protein hydrolysate products made from acid hydrolysis appeared in western 
countries and in the U .S. in the 19th century, but the technical procedures 
were not available. There was a growing tendency to make protein 
hydrolysate by acid hydrolysis in order to increase the yield and reduce cost. 
This study was carried out to devise a process of protein hydrolysate 
production, including quality assessment and sensory evaluation of products.

Chay B. Pham and R. R. del Rosario

M a te r ia ls  and  m e th o d s

Materials

Soybean and coconut meals were prepared as described in a previous paper 
(Pham & del Rosario, 1983). A  sample of commercial soy souce was purchased 
from the market and used for comparison.

Hydrolysis process

Sample meals or mixture of meals were weighed. A pre-mix of the protein 
meal with water was made in a dough mixer. Water was added until a pasty 
consistency had been achieved, then the mass was transferred to the glass 
hydrolyser and 32% concentrated hydrochloric acid (HC1) was added to the 
mass. Heat was applied for 36 hr at 95°C for soybean meal, while that for 
coconut meal and mixture meals was at 103°C. Hydrolysate product was 
neutralised gradually with 50% sodium hydroxide (N aO H ) until pH 3. The 
batch was removed from the hydrolyser and filtered. Filtration was carried out 
under vacuum. Subsequent to filtration, the hydrolysate was adjusted to 
pH 4 - 5 ,  in a storage tank. Hydrolysate product was tempered at 4 5 -5 0 °C ,  
for 2 —3 days and aged at 20°C for 2 weeks.

Hydrolysate product formulation

The product of 100% soybean meal; 100% coconut meal; 50—50% weight 
ratio o f  soybean meal to coconut meal (50:50 w/w); 25:75; 50:50; and 75:25% 
volum e ratio o f  hydrolysed soybean to hydrolysed coconut (25:75 v/v; 50:50 v/v; 
75:25 v/v) were formulated coming close to the soysauce formulation in terms of  
soluble solids. The products were pasteurized and then bottled. After 1 week,  
the products were subjected to sensory evaluation and chemical analysis.

Method o f analysis

Chemical composition of the raw materials and total nitrogen of hydrolysed 
products were determined by the method of A O A C  (1975).
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Sodium chloride was determined by titration with silver nitrate using 
potassium chromate as an indicator (Sakasai & Yokotsuka, 1957).

The pure extract which is the difference between percentage of total extract 
and percentage of sodium chloride was determined by the evaporation of the 
sample (Sakasai & Yokotsuka, 1956).

A m ino nitrogen which is the difference between the formol titration and 
ammonium values was determined as described in the preceding paper (Pham  
& Del Rosario, 1983).

Reducing sugar content of the hydrolysed products was evaluated by the 
colorimetric method, using 3,5-dinitrosalicylic acid for samples diluted fifty to 
a hundred times (Borel, Hostettler & D euel,  1952).

Total acidity of the hydrolysed products was titrated with N/10 sodium  
hydroxide solution until pH 8.3. The titration value was equivalent to total 
acidity (Sakasai & Yokotsuka, 1956).

Am ino acid composition of the raw material meals and hydrolysed products 
were determined by ion exchange column chromatography in an automated  
amino acid analyser (Durrum 500). Samples of the raw material containing 
100 mg protein were hydrolysed using 6 N hydrochloric acid at 110°C for 24 hr 
under nitrogen. Tryptophan was determined by a modified procedure based 
on the method of Spies & Chambers (1949). Cystine was converted to cysteic 
acid as described by Moore (1963).

Protein hydrolysate. II

Sensory evaluation

The hydrolysed products obtained were coded and served to a taste panel 
consisting of eleven people by simple random sampling method (Hansen, 
Hurwitz & Madow, 1962). A  maximum of five different samples were served 
at each sensory evaluation. Three replications were performed with rando
mized taste panels.

Products were evaluated for colour, flavour, aroma, salt, texture and 
general acceptability using a 9-point hedonic scale. The scale for colour, 
aroma and salt was 9, very desirable; 7, moderately desirable; 5, desirable; 3, 
slightly undesirable; 1, very undesirable. The scale for flavour, texture, 
general acceptability was 9, very good; 7, good; 5, fair; 3, poor; 1, very poor.

Results and discussion

Amino acid composition

Protein content of coconut and soybean meals were given in Table 1 The 
amino acid composition found in the coconut and soybean proteins used is 
closely similar to those published by Lachance & Molina (1974) for coconut 
and Rackis et al. (1961) for soybean. The total amino acids recovered from 
soybean protein (913.07 mg/g protein) were slightly higher than those 
recovered from coconut protein (902.01 mg/g protein). The total amount of
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Table 1. Percentages of chemical composition of defatted coconut and soybean meals

F.our
Protein
(N x6 .2 5 ) Moisture

Crude
fibre Fat Ash N F E *

Defatted coconut 21.85 4.62 10.82 3.96 5.63 54.12
Coconutf 17.30 7.61 9.06 7.85 5.34 52.84
Defatted soybean 48.14 8.62 1.65 1.96 5.14 34.76
Defatted soybean} 31.75 8.97 3.20 1.67 4.99 49.42

* Non-fraction extracted, 
t  Melo (1969).
}  Isabel & lluminada (1961).

essential amino acids of coconut protein (456.57 mg/g protein) was higher 
than that of  soybean (407.39 mg/g protein). Soybean protein is characterized 
by its low content of sulphur amino acids and high levels of lysine. The lysine 
content of coconut is 24.78% lower than that of soybean and could be the 
limiting amino acids as suggested by Curtin (1958). The high lysine content of  
soybean protein makes it a useful supplement for cereal proteins which are 
normally deficient in lysine. The first two limiting amino acids in soybean  
protein are methionine and tryptophan. Methionine content of soybean is 
57.50% lower than coconut. This deficiency needs to be considered when the

Table 2. Amino acid composition of coconut and soybean proteins (mg/g protein)

Amino acid
Defatted
coconut

Coconut
meal*

Defatted
soybean

Soybean
meal}

Alanine 34.26 34.66 37.49 45.10
Aspartic acid 60.27 60.27 108.37 120.10
Half-cystine 8.84 N D 6.28 N D
Glutamic acid 220.74 141.55 195.02 210.00
Glycine 43.60 27.17 43.54 45.20
Proline 31.06 21.46 49.85 62.80
Serine 39.27 31.23 51.67 55.70
Tyrosine 7.00 16.12 13.46 39.00
Arginine} 129.19 105.94 61.12 84.20
Histidine} 23.47 11.10 24.08 25.50
Isoleucine:!: 40.09 23.01 58.95 57.00
Leucine}. 63.41 45.11 55.95 77.20
Lysine} 42.12 24.93 56.00 68.50
Methionine} 19.34 14.11 8.22 15.60
Phenylalanine} 39.83 27.40 45.69 50.10
Valine} 60.02 35.43 53.23 53.80
Threonine} 36.60 21.69 40.22 43.10
Tryptophan} 2.50 6.30 3.95 12.80

* Lachance & Molina (1974). 
t  Rackis e t  a l . (1961).
:j: Ten essential amino acids.
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protein is used for the nutritional purposes. Arginine, leucine and valine 
values of coconut protein were higher than those found in soybean protein 
whereas values for isoleucine, histidine, threonine, phenylalanine and 
tryptophan were lower in coconut protein.

The available amino acid decreased after hydrolysis for both soybean and 
coconut meal as well as the mixtures (Table 3). The same result was also 
exhibited with the essential amino acids for the individual raw materials as 
well as its mixtures. After hydrolysis, the essential amino acids of the raw 
materials decreased by 15.21% for soybean and 38.98% for coconut. This 
indicates that some of the amino acids were destroyed more rapidly under 
reflux conditions than under inert atmosphere. There was a greater degree of  
destruction of amino acids in coconut than in soybean due to the higher 
available carbohydrate in coconut. This was also confirmed by the observation 
that when a mixture of coconut and soybean was hydrolysed, amino acid 
recovery was lower than when coconut and soybean were hydrolysed 
separately. Alanine and leucine values changed only slightly in soybean 
products, whereas values for glycine, proline, isoleucine and phenylalanine 
decreased. The same result was obtained with coconut. The basic amino acids: 
histidine, arginine, glutamic acid value decreased in soybean, and coconut

Protein hydrolysate. II

Table 3. Amino acid composition of hydrolysed products (mg/g protein)

Products

Amino acid Soybean Coconut
50-50
(w/w)*

50-50
(v/v)f

75-25
(v/v)t

25-75
(v/v)t Commercial

Alanine 42.12 38.18 34.43 36.00 39.25 33.66 64.57
Aspartic acid 108.35 60.00 85.57 91.83 100.25 80.24 17.57
Cystine N D N D N D N D N D N D N D
Glutamic acid 168.59 142.27 142.95 151.66 157.87 146.34 276.43
Glycine 39.65 32.27 32.62 34.67 38.00 32.68 9.11
Proline 40.24 20.00 27.38 27.50 35.25 16.59 4.29
Serine 53.53 30.91 38.03 41.83 45.62 36.83 11.25
Tyrosine 20.94 11.82 15.41 16.83 19.25 14.63 Traces
Arginine; 40.82 64.41 37.70 42.50 38.50 47.07 Traces
Histidinei 21.18 11.82 13.44 17.83 19.75 15.61 Traces
Isoleucinei. 35.76 23.18 24.10 30.33 33.62 27.56 12.64
Leucine! 66.12 44.09 49.18 56.67 61.12 51.46 22.93
LysineJ 57.41 25.45 34.10 42.67 47.62 37.07 Traces
Methionine! 7.18 12.27 8.52 7.17 7.25 8.05 10.64
Phenylalanine:!: 42.94 30.09 31.13 37.50 40.37 32.93 Traces
Valine ; 36.24 45.45 27.87 34.33 35.25 33.17 16.32
Threonine! 37.76 21.82 27.54 30.50 33.37 28.07 8.07
Tryptophan i 00.00 00.00 00.00 00.00 00.00 00.00 00.00

* Ratio by weight of soybean to coconut product, 
t  Ratio by volume of hydrolysed soybean to coconut product, 
i  Ten essential amino acids.



Table 4. Mean taste panel scores of colour, aroma, flavour, salt, texture and general acceptability 
of hydrolysed products
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Mean score*

General
Product Colour Aroma Flavour Salt Texture acceptability

Soybean 8 .00a 7 .46a 7 .86a 8.18a 7 .52a 8.09a
Coconut 6 .12b 6 .18b 6 .09b 7 .76a 6.43a 5 ,91b
50-50 w/wf 6.82b 7.07ab 6.73ab 7.73a 6.94a 7 .03c
50-50 v/vf 7 .27ab 6.97ab 6 .70ah 8 .30a 6 .64a 6.55bcd
Commercial 7 .1 2ab 6.03b 6 .64b 7 .85a 6.88a 6 .79cde

* Figures followed by the same letter are not significantly different at />=0.05. 
f  50-50 ratio by weight of soybean to coconut product.
1 50-50 ratio by volume of hydrolysed soybean to coconut product.

products in acid solution and in the presence of a large excess of carbohydrate, 
whereas aspartic acid remained stable. The sulphur-containing amino acids: 
cystine and methionine decreased during hydrolysis. Cystine was partially 
converted to cysteic acid, while methionine was partially oxidized. Tryp
tophan was particularly unstable and was readily destroyed under acid 
conditions and presence of carbohydrates, oxygen and other amino acids. 
Tyrosine was stable in hot acid solution even in the presence of carbohydrate. 
Serine and threonine were decomposed only slightly in acid conditions.

Sensory evaluation o f hydrolysed products

The soybean product had the highest mean score for colour, aroma, flavour 
and general acceptability while coconut product had the lowest (Table 4). The

Table 5. Chemical composition of hydrolysed products

Total

Product pH Viscosity

Pure
extract
(g/100
ml)

Sodium
chloride
(g/100
ml)

Total
nitrogen
(g/100
ml)

Amino
nitrogen
(g/100
ml)

Reducing
sugars
(g/100
ml)

activity 
(ml sodium 
hydroxide/ 
100 ml)

Soybean 4.64 16.80 15.86 18.25 1.49 0.71 6.82 24.30
Coconut 4.68 15.20 7.62 17.98 0.95 0.45 4.60 7.90
50-50 w/w* 4.68 16.00 8.98 18.10 1.18 0.57 5.16 15.80
50-50 v/vf 4.65 16.00 11.81 17.89 1.22 0.58 5.73 16.20
75-25 v/vf 4.65 16.40 13.84 18.18 1.34 0.64 6.34 20.60
25-75 v/vf 4.67 15.60 9.62 18.05 1.08 0.52 5.26 12.50
Commercial 4 .70 17.10 15.92 18.30 0.83 0.39 6.98 7.10

* Ratio by weight of soybean to coconut product, 
t  Ratio by volume of hydrolysed soybean to coconut product.
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score for colour obtained for the 50:50 w/w product varied significantly with 
that of soybean product. This indicates that colour development of product 
during hydrolysis was affected by the presence of coconut meal. The mean  
scores o f  aroma, flavour, salt and texture showed that 50:50 w/w product is not 
significantly different from 50:50 v/v products. The lowest general accepta
bility was that of the coconut product with a mean score of 5.91 (Table 4). 
Comparing the commercial soy sauce product with mixed formulations 
resulted in improved general acceptability of the procucts (Table 4). The 
mixing of the raw materials prior to hydrolysis, gave better scores than those 
mixed after hydrolysis.

Chemical composition o f hydrolysed products

Products with high viscosity were also high in soluble solids, both of which 
contribute to the body of hydrolysed products (Table 5). The sodium chloride 
content varied between 17.89 and 18.25 g/100 ml of sample which is close to 
the standard for soy sauce. Total nitrogen of the soy product (1.49 g/100 ml of 
sample) was higher than that obtained for coconut product (0.95 g/100 ml of  
sample). This is due to the difference in the protein content of the raw 
material. Reducing sugars varied from 4.60 to 6.98 g/100 ml of product for the 
hydrolysates and commercial soy sauce product. Interfering substances in the 
products such as protein, amino acids and other reducing compounds may 
cause error in the analysis of sugars, especially when changes in sugar content 
during hydrolysis are being studied. Total acidity varied between 24.3 to
7.1 ml sodium hydroxide (N/10)/100 ml of product. The acidic substances in 
hydrolysed products are important to the aroma, flavour and storage quality 
of the products. Total titratable acidity was measured by titrating to pH 8.3. 
At this pH, 100% of monocarboxylic acids and phosphoric acid were titrated 
(Sakasai & Yokotsuka, 1956). The acidity is effective in ameliorating the salty 
taste and in promoting the stability of hydrolysed products. The pH of 
hydrolysed products varied from 4.64 to 4.68. The low pH values affect the 
stability of the mixture as well as its flavour. At pH 4 to 5, U do (1932) found 
that arginine, histidine, lysine, putrescine, cadaverine and ammonia conju
gated with glutamic acid and choline, the salt of acetic, lactic and phosphoric 
acids conjugated with succinic acid and these compounds exhibited good taste 
thus contributing to the taste of the sauce. It is also possible that the flavour 
development could be affected by ageing. Studies on the changes during 
ageing or storage would provide the necessary information needed to control 
the reactions. Another area that has to be studied is the determination of ways 
and means of deriving flavouring mixtures from these hydrolysed products.

Conclusion

Determination of the individual amino acid composition of raw materials and 
products showed that the amino acids from the hydrolysed coconut were
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decomposed more rapidly than the amino acids from the hydrolysed soybean  
because of the larger amount of carbohydrate in coconut. The organoleptic 
test results were compared with the chemical composition of the products. 
Results showed that hydrolysed soybean products were significantly different 
and better than the hydrolysed coconut products, but not significantly 
different from the 50:50 v/v and 50:50 w/w products. Sodium chloride, total 
acidity and amino acid content are important factors in influencing flavour 
acceptance.
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Electroconductive thawing by liquid contact

D. N A V E H , I. J. K O PEL M A N  and S. M IZRAH I

S u m m a ry

A  method o f  rapid thawing, especially suitable for large frozen products is 
proposed. The method is based on electroconductive heating of the frozen 
product immersed in a liquid and positioned between two electrodes having 
no direct contact with the piece. The electrical current passing through the 
product generates internal heat, thus considerably shortening thawing time. 
Furthermore, in this process a low surface temperature can be maintained at 
any desired level, by circulating cooling water over the product, without 
affecting thawing rates. Local overheating within the product is avoided by 
either controlling current density or by programming various combination of 
pulse duration and frequency. For example, it took 160 min to thaw a —20°C 
frozen cylindrical (17 cm 0  x  33 cm) meat chunk where the temperature at the 
surface and at the thawed part were maintained below 7 and 20°C, 
respectively. In comparison, 450 min were needed to thaw a similar frozen 
sample immersed in a 20°C stirred water.

In tro d u c t io n

Fast and controlled thawing of frozen foods is highly advantageous from an 
economical and microbiological point of  view. This is especially true in 
commercial practice when large food products, such as meat and fish, are 
involved. The different approaches to the acceleration of thawing were 
reviewed by Everington (1971).

O ne of the approaches to thawing is by electrical resistance heating of a 
product which is sandwiched between two electrodes. This method has been 
proposed for use in thawing of fish (Sanders, 1967) and meat (Kalbert, 1960). 
A similar approach was used also in thawing and heating of pre-cooked frozen

A uthors '  address: D epartm en t of Food Engineering and Biotechnology, Technion-Isreael 
Institute of Technology, Haifa, Israel.
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casserole (Segars & Kapsalis, 1976). Satisfactory performance of this thawing 
method is dependent on assuring a good electrical contact between the 
electrodes and the product, for otherwise sparks and scorching may occur. 
Oddly shaped products, in particular, may present a practical problem in 
achieving such a good contact.

The aim of this work is to propose a method of rapid electrical resistance 
thawing in which the electrodes have no direct contact with the product. The 
approach is an extension o f  the concept developed by Mizrahi, Kopelman & 
Perlman (1975) for electroconductive blanching.

D. Naveh, /. ./. Kopelman and S. Mizrahi

M a te r ia ls  and  m e th o d s

The experimental set-up of the electroconductive thawing system (Fig. 1) 
consists of  four major parts: (1) A  380 V, 50 FIz electrical system controlled  
by a timer and by an o n -o ff  switch; (2) A cooling system whereby product 
surface temperature is controlled by recirculating ice cold water; (3) A  
thawing cell that consists of a round water bath 50 cm 0  having two 15x22 cm 
stainless steel plate electrodes spaced 30 cm apart. The cell was filled with tap 
water (—1000 mmho/cm). The water level was maintained by an overflow; (4) 
Temperature measurement system. Temperatures were measured with two 
multi-thermocouple rods. Each rod (6 mm 0 )  consists of  seven 24-gauge 
copper-constantan thermocouples with the junctions placed in-line, spaced

Figure 1. Electroconductive thawing experimental setup.



1 cm apart. Temperatures were recorded on a 24 point Honeywell (Electronix 
15) chart recorder.
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Experimental procedure

The two multi-thermocouple rods were placed centrally and perpendicular 
to each other in a meat chunk. The meat was then frozen to about -2 0 °C . The 
frozen sample was removed from the freezer and placed in the thawing cell 
with one thermocouple rod parallel and the other perpendicular to the 
electrodes (Fig. 1). Current was introduced by applying 380 V pulses to the 
electrodes. Continuous monitoring of temperatures serves two functions, to 
follow the retreating ice front in the frozen meat chunk as thawing progresses, 
and to avoid local overheating by controlling pulse duration. Product surface 
temperature was maintained at the prescribed temperature (7 or 17°C) by 
controlled circulation of ice cold water through the cell.

Product electrical conductivity was determined according to the procedure 
outlined by (Mizrahi, Kopelman & Perlman, 1975). The average specific 
electric conductivity was 10 mmho/cm for thawed meat (approx. 25°C).

R e s u lts  and  d is c u s s io n

A  comparison between thawing by the electroconductive method to that of  
the conventional water one is shown in Fig. 2. This comparison is based on

Figure 2. T im e - te m p e ra tu re  curves during electroconductive and cold water thawing of a meat 
chunk ( 1 7 c m 0  x  33cm). I, electroconductive— surface temperature 17°C; II, electroconductive—  
surface tem pera tu re  7°C; III, cold water— surface tem perature  20°C.
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t im e-tem peratu re  data taken at the geometric centre of a meat chunk (a 
cylinder of approximately 17 c m 0  x  33 cm). Using the electroconductive 
method, only 160 min were required for a complete thawing of the meat 
chunk as compared to 450 min required to thaw the same sample in a 20°C 
constant temperature stirred water bath. The thawing rate in the latter 
method is governed mainly by the slow conduction heat transfer, thus strongly 
dependent upon the size of the body. It should be noted that improving total 
heat transfer by increasing medium (and thus surface) temperature is limited 
in practice by microbiological and organoleptical considerations. On the other 
hand thawing rate in the electroconductive method is fast since heat is 
generated within the product by the passing electric current. This fast thawing 
rate is almost independent of medium temperature (Fig. 2).

Therefore thawing can be effectively conducted while maintaining a low 
product surface temperature, thus checking microbial growth.

Since ice has an high electrical resistance, current flows selectively through 
the already thawed part of the product which thus becomes a heat source. The 
generated heat is conducted to the retreating ice front. The proximity of the 
heat source to the ice front and the immediate formation of new heat sources 
by any melting explain the considerable shortening of thawing time observed. 
However, excessive continuous input of electrical current may lead to local 
overheating, especially in thick bodies. Zones most susceptible to overheating  
are those which are relatively distant from the cold surfaces of the ice front 
and the cooled product surface.

D. Naveh, I. J. Kopelman and S. Mizrahi

Figure 3. Location of ice front during electroconductive thawing of frozen meat block 
( 14x 14x 14 cm). 1. parallel to electrodes; 11, perpendicular to electrodes.



O v e r h e a t in g  can  be  av o id e d  by e i th e r  co n tro l l in g  c u r re n t  d ens i ty  in a 
c o n t in u o u s  m o d e  o r  by  p ro g r a m m in g  v a r io u s  c o m b in a t io n s  o f  pu lse  d u ra t io n ,  
pu lse  f r e q u e n c y  a n d  c u r r e n t  dens i ty .  T h e  typical e lec t ro co n d u c t iv e  th aw in g  
cu rv e  sh o w n  in Fig. 2 w as  o b ta in e d ,  fo r  e x a m p le ,  by app ly ing  c o n s ta n t  v o ltage  
pu lses .  T h e  d u ra t io n  o f  th e  pu lses  w as  co n tro l led  by  su rface  a n d  b o d y  
t e m p e r a tu r e ,  b o th  p re -se t  a t  th e  d e s i re d  m a x im u m  level o f  7 o r  17°C a t  th e  
su rfa ce ,  a n d  20°C w ith in  th e  th a w e d  p o r t io n .

By m o n i to r in g  tw o  d im e n s io n a l  t e m p e r a tu r e  p ro f iles  in th e  m e a t  b lo ck ,  the  
p o s i t io n  o f  th e  re t r e a t in g  ice f ro n t  as fu n c tio n  o f  t im e  w as d e te r m in e d  (Fig. 3). 
D a ta  in d ica te  th a t  th e  ice f ro n t  r e t r e a t s  m o re  slowly from  th e  p ro d u c t  su rface
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Figure 4. Schematic drawing of ice front retreating pattern during electroconductive thawing of 
frozen meat block (1 4x14 x14  cm).

fac ing  th e  e le c t ro d e s  th a n  f ro m  th a t  o f  the  p e rp e n d ic u la r  s ide. T h is  
p h e n o m e n o n  o f  r e t r e a t in g  ice f ro n t ,  i l lu s tra ted  in Fig. 4, is a t t r ib u te d  to  th e  
h igh  c u r r e n t  d en s i ty  in th e  th a w e d  p ro d u c t  layers  w hich a re  p a ra l le l  to  th e  
c u r r e n t  flow. T h e s e  layers  p r e s e n t  th e  low est  e lec tr ica l re s is tan ce  p a th  o f  th e  
sy s tem , th u s  m o s t  o f  th e  c u r re n t  co n v e rg es  th ro u g h  th e m . Th is  m ech a n ism  
suggests  th a t  th e  p a t t e r n  o f  th e  re t r e a t in g  ice f ro n t  m ay  be a f fec ted  by 
e le c t ro d e s  p a r a m e te r s  such  as size, s h a p e ,  p o s i t ion  a n d  th e  n u m b e r  o f  
e l e c t ro d e .  T h o s e  can  b e  a d v a n ta g e o u s ly  u sed  in o p t im iz a t io n  o f  the  th aw in g  
p ro c ess .  O t h e r  p a r a m e te r s  th a t  m ay  affec t the  overa l l  p e r fo rm a n c e  an d  th e  
e lec tr ica l  e ff ic iency  o f  th e  th a w in g  sys tem  w o u ld  be: th e  re la t ive  va lues  o f  th e  
th e rm a l  c o n d u c t iv i ty  o f  th e  th a w e d  fo o d  (dynam ica lly  ch a n g e d )  a n d  th a t  o f  
th e  im m e rs io n  l iqu id ;  th e  a n iso t ro p ic  n a tu re  o f  th e  p ro d u c t ,  p r im ar i ly  its sk in  
e lec tr ica l  re s is tan c e ;  th e  s h a p e  o f  th e  e le c t ro d e  etc.

In c o n c lu s io n ,  a ra p id  th a w in g  m e th o d  is p ro p o s e d .  T h e  m e th o d  is b a se d  
u p o n  g e n e ra t in g  h e a t  w ith in  th e  p ro d u c t  by pass ing  A C  c u r re n t  th ro u g h  it. 
D u r in g  th e  p ro c ess  th e  p ro d u c t  is s u b m e rg e d  in an  a q u e o u s  so lu t io n  a n d  is 
p lace d  b e tw e e n  tw o  e lec t ro d e s .

12
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Stability of carotenoids in freeze dried papaya (C a r ic a  
p a p a y a )

S. S. A R Y A ,  V. N A T E S A N  a n d  P. K. V I J A Y A R A G H A V A N

Summary

E ffec t  o f  w a te r  ac tiv ity  (a w) a n d  s to ra g e  t e m p e r a tu r e  on th e  d e g r a d a t io n  o f  
c a ro te n o id s  in r e la t io n  to  k e e p in g  qu a l i ty  o f  f reeze  d r ied  p a p a y a  is r e p o r te d .  
C a ro te n o id s  w e re  fo u n d  to  be  m o s t  s tab le  a t  0 .33 a w , a n d  b o th  b e lo w  a n d  
a b o v e  th is  level th e i r  ra te  o f  d e s t ru c t io n  w as h igher .  A b o v e  0 .40  a w b ro w n in g  
l im ited  th e  s to ra g e  life. F re e z e  d r ie d  p a p a y a  has  m a x im u m  s tab ility  b e tw e e n  
0 . 2 2 - 0 . 3 3  a w.

Introduction

P a p a y a  ( C a ric a  p a p a y a )  is w idely  g ro w n  in trop ica l  a n d  su b tro p ica l  reg ions  
a n d  is a g o o d  so u rc e  o f  v i tam in s  A  a n d  C. It is m ain ly  c o n su m e d  as fresh  fru it  
th o u g h  m e th o d s  h av e  b e e n  d e v e lo p e d  fo r  p rocess ing  it in to  frozen  p u ré e ,  
f ro zen  c h u n k s  a n d  fru it  l e a th e r  ( B re k k e ,  C h a n  & C a v e le t to ,  1972; C h a n  & 
C a v e le t to ,  1978). C o n v e n t io n a l  d ry in g  o f  p a p a y a  has no t  p ro v e d  successful 
m a in ly  b e c a u s e  re te n t io n  o f  its p leas in g  co lo u r  a n d  de l ica te  f lav o u r  is r a th e r  
difficult.  A c c e le r a te d  freeze  d e h y d r a t io n ,  in g en e ra l ,  re su lts  in h ighes t  
r e te n t io n  o f  c o lo u r  a n d  f lav o u r  a n d  causes  least  d a m a g e  to  te x tu re  o f  fru its .

T h e  a t t ra c t iv e  c o lo u r  o f  p a p a y a  is d u e  to  c a ro te n o id s  (Y a m a m o to ,  1964). In  
g e n e ra l ,  c a ro te n o id s  a re  h igh ly  su scep tib le  to  au to x id a t io n  d u r in g  s to rag e  o f  
f reez e  d r ie d  fo o d s  a n d  th e i r  d e g r a d a t io n  has  b e e n  r e p o r te d  to  be  a sso c ia ted  
w ith  th e  o ff - f lav o u r  d e v e lo p m e n t  in d e h y d r a te d  c a r ro ts  a n d  sw ee t  p o ta to  
f lakes  (A y e rs  e t  a l ,  1964; W a l te r ,  P urce ll  & C o b b ,  1970). T h e  p re s e n t  p a p e r  
d e sc r ib es  th e  ef fec t  o f  w a te r  ac tiv ity  a n d  s to rag e  t e m p e r a tu r e  on  th e  stab ility  
o f  c a ro te n o id s  in f r eez e  d r ie d  p a p a y a .
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Materials and methods

F re e ze  d e h y d r a tio n

G o o d  q u a l i ty  r ip e  yellow  p a p a y a s  w ere  p u rc h a s e d  f ro m  a local m a r k e t  an d  
w a sh e d  u n d e r  ru n n in g  w a te r .  T h e  p a p a y a s  w ere  t r im m e d ,  h a n d  p e e le d ,  cu t 
in to  ch u n k s  o f  a p p ro x im a te ly  1 . 5 x 1 . 5 x 1  cm d im en s io n  an d  th o ro u g h ly  
m ixed .  T h e  c h u n k s  (10 kg) w e re  f ro zen  in a b last  f r e e z e r  a t  - 2 5 ° C  a n d  freez e  
d r ie d  by k e e p in g  th e  h e a te r  p la te  a t  55°C w hile  the  p ro d u c t  t e m p e r a tu r e  w as 
a l lo w ed  to  rise f ro m  —25°C in th e  b eg in n in g  to  50°C a t  th e  e n d  o f  the  d ry ing  
cycle (12 h r) .  T h e  m o is tu re  c o n te n t  in freeze  d r ie d  p a p a y a  v a r ied  b e tw e e n
3 - 4 % .

P a c k in g  a n d  s to ra g e

F re e z e  d r ie d  p a p a y a  c h u n k s  (50 g) w e re  h e rm e tic a l ly  sea led  in p a p e r -  
a lu m in iu m  fo i l -p o ly e th y le n e  lam in a te  p o u c h e s  an d  s to re d  at  am b ie n t  t e m p e r 
a tu re  ( 1 6 - 3 5 ° C )  a n d  37°C. F o r  s tu d y in g  th e  effec t o f  w a te r  ac tiv ity  ( a w),  15 g 
sam p le s  o f  f reez e  d r ie d  p a p a y a  p o w d e r  (15 g) w e re  k ep t  in Petri  d ishes  (8.5 in 
d ia m e te r )  o v e r  s a tu r a te d  salt so lu t io n s  in d es icca to rs  acco rd in g  to  R o c k la n d
(1960).

A n a ly s is

In itially  a n d  p e r io d ica l ly  the  sam p les  w ere  an a ly sed  for  to ta l  c a ro te n o id s ,  
n o n  en z y m ic  b ro w n in g ,  T B A  va lu e  an d  m o is tu re  c o n te n t  acco rd in g  to  the  
m e th o d  d e sc r ib e d  e a r l ie r  (A r y a  e t a i ,  1979b). F o r  sen so ry  ev a lu a t io n  s to red  
sam p le s  b o th  b e fo re  an d  a f te r  re c o n s t i tu t io n  w ere  g iven to  a p an e l  o f  six 
m e m b e r s  fo r  d e te c t io n  o f  p e rc e p t ib le  ch a n g es  in ta s te  a n d  f lavour .

Results and discussion

F resh ly  freez e  d r ie d  p a p a y a  ch u n k s  (p ro te in  5 . 5 ± 0 .2 % ,  sugars  7 0 ± 2 % ,  fat
1 . 7 ± 0 .1 % )  h ad  1 6 6 ± 4  fxg /g  to ta l  c a ro te n o id s  a n d  th e i r  c o n c e n t ra t io n  
d e c r e a s e d  s ig n if ican tly  d u r in g  s to ra g e  (T a b le  1). T h e  d e s t ru c t io n  o f  
c a ro te n o id s  w as d e p e n d e n t  on  s to rag e  te m p e r a tu r e .  A f te r  36 w eek s  of 
s to ra g e ,  a b o u t  8 0 %  o f  to ta l  c a ro te n o id s  w ere  re ta in e d  at 0°C c o m p a r e d  to  22.5 
a n d  12 .4%  at ro o m  t e m p e r a tu r e  an d  37°C respec tive ly .  D e s t ru c t io n  of  
c a ro te n o id s  in f reez e  d r ie d  p a p a y a  w as, h o w e v e r ,  no t  a c c o m p a n ie d  by the  
v io le t  an d  h ay - like  o d o u rs  r e p o r te d  p rev ious ly  in freeze  d r ied  c a rro ts  
(F a lc o n e r  e t a l . ,  1964). T o m k in s ,  M a p s o n  & W a g e r  (1946) have  r e p o r t e d  th a t  
o f f - f lav o u r  b e c a m e  n o t ic e a b le  in d r ie d  c a rro ts  w h e n  a b o u t  2 0 - 5 0 %  o f  to ta l  
c a ro te n o id s  h ad  b e e n  d e s t ro y e d .  In f reeze  d r ied  p a p a y a ,  s to red  at  a m b ie n t  
t e m p e r a t u r e ,  n o  o ff - f lav o u r  w as d e te c te d  u p  to  24 w eeks  o f  s to ra g e  ev en  
th o u g h  6 6 .6 %  o f  th e  o r ig ina l  c a ro te n o id s  w e re  d e g ra d e d .  In th e  sam p le s
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Table 1. Changes in freeze dried papaya stored at ambient temperature (16-35"C) and  37°C

Storage
period
(weeks)

Ambient temperature 37°C

Total
carotenoids
(pg/g)

TBA
value* N E B f

Total
carotenoids
irg/g)

TBA
value* N E B f

0 166.0 0.09 0 .07 — — —

8 111.6 0.08 0 .09 96.3 0.10 0.11
12 103.7 0.11 0.13 70.3 0.12 0.13
16 68.21 0 .1 4 0.13 37.5 0.18 J 0 .1 4
24 55.3 0 .1 4 0.13 33.0 0 .18 0 .1 4
32 4 3 .4 0 .1 6 f 0 .13 24.6 0 .19 0 .1 4
36 37.3 0.15 0.13 20.5 0.20 0 .1 4

* TBA value, mg malonaldehyde/kg substance.
f  NEB, non-enzymatic browning measured as optical density o f  aqueous extract at 420 nm. 
% Stage at which off-flavours became noticeable.

s to re d  a t  37°C, oily  a n d  ra n c id  o d o u rs  b e c a m e  n o t ic e a b le  a f te r  16 w e ek s  an d  
th is  w as  a c c o m p a n ie d  by  a slight b u t  s ign ifican t in c rease  in T B A  va lu e  
sug g es t in g  th e  in v o lv e m e n t  o f  l ip id  p e ro x id a t io n  in o ff-f lavour  d e v e lo p m e n t .  
T h e r e  w a s  a g ra d u a l  d e c re a s e  in th e  in tens i ty  o f  f re sh  p a p a y a  f lav o u r  n o te s  
a n d  th is  a lo n g  w ith  b le a c h in g  o f  yellow  c o lo u r  w e re  th e  m a jo r  c o n t r ib u to ry

Figure 1. Effect of water activity on the stability of carotenoids in freeze dried papaya. 1 , 0.0 a,v; 
2, 0.22 flw; 3, 0.33 aw; 4, 0.43 aw; 5, 0.57 6, 0.73 a*.
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Figure 2. Relative stability of papaya and carrot carotenoids in isolated systems. 1, 2, 3, carrot 
carotenoids and 5, 6. 4, papaya carotenoids stored at 0.0, 0.33 and 0.73 nw respectively.

fa c to rs  in l im it ing  th e  sh e lf  life o f  f reez e  d r ie d  p a p a y a .  B e lo w  4 %  m o is tu re  
b ro w n in g  w as  n o t  a m a jo r  p ro b le m  d u r in g  s to ra g e  (T a b le  1).

E f fe c t  o f  uw o n  th e  ra te  o f  c a ro te n o id  d e s t ru c t io n  is sho w n  in Fig. 1. In 
f re e z e  d r ie d  p a p a y a  th e  c a ro te n o id s  w e re  m o s t  s tab le  a t  0 .33 aw a n d  b o th

oo

80

-  60 8

-  4 0

- 20

Water act ivi ty

Figure 3. Effect of w ater activity on browning and retention of carotenoids. 1, Sorption 
isotherm; 2, percentage retention of carotenoids; 3, browning after 2 months’ storage.
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below and above this level their rate of destruction increased significantly. 
This increase was more at higher aw than at lower aw. Previously in freeze 
dried carrots, however, increase in the rate of carotenoid destruction was 
found to be higher at lower aw than at higher aw. It is interesting to observe 
that more than 95% of total carotenoids were degraded in carrots within 31 
days at 0.0 aw (Arya et a!., 1979b) whereas only about 20% were lost in freeze 
dried papaya under similar conditions. In order to understand this differential 
behaviour in their stability, carotenoids both from papaya and carrots were 
extracted with acetone-hexane mixture, brought into the hexane layer by 
washing with sodium chloride solution, impregnated over microcrystalline 
cellulose (Arya et al., 1979a) and stored at 3 aw. The stability of papaya and 
carrot carotenoids at 0.0, 0.33 and 0.73 an is shown in Fig. 2. It may be 
observed that in an isolated system the rate of degradation is highest at 0.73 a,, 
in case of papaya carotenoids and at 0.0 ow in case of carrot carotenoids, thus 
confirming our previous observations on dehydrated products. Composition  
of carotenoids of yellow papaya has been reported by Yamamoto (1964). 
C ryptoxan th in  (3 8 .9 % ),  c r y p to x a n th in -m o n o -ep o x id e  (1 5 .6% ) and 
/3-carotene (24.8% ) constitute about 80% of total carotenoids. Apparently, 
cryptoxanthin and its derivatives seem to be more stable at lower water 
activities.

Sorption isotherm of freeze dried papaya and the relationship between aw 
and browning development are shown in Fig. 3. Freeze dried papaya is highly 
hygroscopic and equilibrates to about 7.6% moisture at 0.33 aw and 9.7%  
moisture at 0.43 aw. Below 0.40 aw rate of  browning was slow but above this 
level intense darkening in colour and associated flavour changes due to 
sugar-amino acids interaction became the major factor in limiting the shelf life 
of freeze dried papaya. Taking into consideration the carotenoids retention, 
browning development and flavour changes in freeze dried papaya, the zone  
between 0 .2 2 —0.33 aw (moisture 6 —7%) seems to be most optimum for 
maximum storage life.

Carotenoids in papaya

References

A rya , S .S .. Natesan, V . ,  Parihar, D .B . & Vijayaraghavan. P .K . (1979) /. F it T e c h n o l .  14, 571. 
A rya , S .S ., Natesan. V . ,  Parihar, D .B . & Vijayaraghavan, P .K . (1979) /. F d  T e c h n o l .  14, 579. 
Ayers, J . E . ,  Fishw ick, M .J ., Land. D .G . & Swain. T . (1964) N a tu r e .  203, 81.
B rekke . J . E . ,  Chan. H .T . Jr . & Caveletto, C .G . (1972) F d  P r o d u c t  D e v .  6, 36.
Chan, H .T . Jr  & Caveletto, C .G . (1978)./. F d  S c i. 43, 1723.
Falconer, M .E . ,  Fishw ick, M .J ., Land, D .G . & Saver. E .R .  (1964). J . S c i. F d  A g r i c .  15, 897. 
Rockland L .B .  A n a l .  C h e m .  32, 1375 (1960).
Tom kins. R .G . ,  Mapson, L .W . & Wager, H .G . (1946)/. S o c .  C lie n t ,  h i d .  65, 384.
W alter, W .M . J r , Purcell, A .E .  & Cobh, W .Y . (1970)/. A g r ic .  F d  C h e m .  18, 881. 
Yamamoto, H .Y . (1964) N a tu r e .  201, 1049.

(,Received 25 May 1982)



J . F d  T e c h n o l .  (1983) 18, 183-193

Chemical characterization of prickly pear pulp, O pu n tia  
f ic u s - in d ic a , and the manufacturing of prickly pear jam

W. N. S A W A Y A , H. A. K H A T C H A D O U R IA N , W. M. SAFI and H. M. 
A L -M U H A M M A D

Summary

Attempts were made to use prickly pear fruits, Opuntia ficus-indica, which are 
locally abundant and relatively inexpensive in the manufacturing of jam.

Physical characterization of the strained pulp showed a value of 14.2° Brix 
for total soluble solids (TSS), 14.5% total solids and a pH of 5.75. The acidity 
of the pulp as citric acid was 0.18%. Proximate analysis revealed low amounts  
of protein (0.21% ) as N x 6 .2 5 ,  crude fat (0.12% ), crude fibre (0.02% ), ash 
(0.44% ) and pectin (0.19% ). All the sugars were present as reducing sugars 
(12.8% ) and consisting mainly of glucose and fructose (60:40). Vitamin 
analysis showed only trace amount of vitamin A  (/3-carotene) and 22.1 mg%  
of vitamin C. The pulp was rich in potassium, fair in caicium, magnesium and 
phosphorus and poor in sodium and iron.

Pilot plant studies on the manufacturing of the jam in conjunction with 
sensory evaluation of the final products showed that blanching in comparison 
to non-blanching resulted in no significant difference in the sensory quality of  
the jam. Citric acid and a combination of citric and tartaric acids (1:1) were 
preferred over several other natural acids used as acidifying agents. The 
addition of cloves, grapefruit, orange and almond flavours ranked best among 
several other flavours added in addition to the pulp containing 20% date 
paste.

Introduction

Cactus plants are documented to have originated in North America. Over the 
centuries, they have spread throughout the world from their American points of 
origin to North Africa, Europe, Mediterranean countries, the Middle East and 
other countries (Hare & Griffiths, 1907). Prickly pears which belong to the
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genus Opuntia o f  the cactus family have various species, most of which grow 
wild, with only a few commercial plantations that have been established around 
the world, mainly in Mexico, Chile, Brazil, Argentina and the U .S .A .  The bulk 
o f  production from these plantations is usually utilized as fresh fruits with only 
negligible amounts that are incorporated into some speciality confectionaries.

In Saudi Arabia, prickly pears of the Opuntia ficus-indica, grow in large 
quantities in the South-western regions of the country, about 5 0 - 1 0 0  km 
inland east of the Red Sea. These regions are mountainous and rocky with an 
average rainfall of 100 mm/year. The temperature during the year ranges 
between 16 -3 0 °C  with an average relative humidity of 20%. The prickly pear 
plants grow wild and usually are utilized as hedges for gardens. These plants 
continue to produce edible fruits starting around the second week of July until 
early October. The country has no accurate estimates about the annual fruit 
production and the acreage occupied by prickly pear plants. However, it is 
locally known that prickly pears come only next in quantities to dates and 
watermelons which are the most abundant locally grown fruits in Saudi 
Arabia. During the harvest season, prickly pears are very inexpensive in the 
areas of production and most of the time are given away free.

To date, not much work has been reported in the literature on the industrial 
use of prickly pear fruits. However, some studies have been carried out on the 
canning of prickly pear juice (Paredes-Lopcz & Rojo, 1973; Villarreal, De  
Alva & Romero, 1964) and on the compositional changes occurring during 
development (Lakshminarayana, Sosa & Perez, 1979). Attempts to use 
prickly pear juice as feed stock and in biomass production have been reported 
from Mexico (Paredes-Lopez, 1976; Paredes-Lopez, Camargo-Rubio & 
Ornelas-Vale, 1976). Other investigations were undertaken on the pricklv 
pears mucilage composition (Mindt et al., 1975) in an attempt to study their 
potential utilization as an alternative source for gum exudates and similar 
substances. In this study, an attempt was made to use prickly pear pulp of the 
Opuntia ficus-indica grown in Saudi Arabia, in the manufacturing of prickly 
pear jam.

Materials and methods

Preparation o f prickly pear pulp

Prickly pear pulp was prepared from ripe fruits, green to orange-brown in 
colour, which were purchased from the local market. The fruits were sorted, 
washed, dried, weighed and hand peeled. They were then passed through a 
pulper finisher for the separation of the seeds from the pulp. The separated  
pulp was weighed and was further utilized for both chemical and physical 
analysis as well as the manufacturing of jam. Part of the fruits were steam  
blanched for 2 min by a pilot plant blancher (Dixie Canner Equipment Co.,  
U .S .A .)  before pulping and the pulp so obtained was used only for the 
manufacturing of jam.
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P r e p a r a tio n  o f  d a te  p u lp

D a te  p u lp  w as  p r e p a r e d  f ro m  r ip e  d a te s  o f  th e  Sullaj va r ie ty  a t  th e  T a m r  
s tage  (d a rk  b ro w n  co lo u r) .  D a te s  w e re  p ick ed  up  from  th e  R e g io n a l  
A g r ic u l tu re  a n d  W a te r  R e s e a rc h  C e n te r  P a lm  P la n ta t io n ,  s o r te d ,  w a sh e d ,  
d r ie d  a n d  w e ig h e d .  T h e  d a te s  w e re  th e n  b o iled  in h o t  w a te r  fo r  a b o u t  15 m in 
un til  th e y  w e re  soft.  T h e  c o o k e d  d a te s  w e re  p u lp e d  th ro u g h  a p u lp e r  f in isher  
to  s e p a ra te  th e  see d s  a n d  culls. T h e  p u lp  so o b ta in e d  was w e ig h ed  a n d  u ti l ized  
in th e  m a n u fa c tu r in g  o f  p rick ly  p e a r  ja m .

P h y s ic a l  a n d  c h e m ic a l  c h a ra c te r iz a tio n  o f  th e  p u lp

p H ,  A c id i t y  a n d  to ta l s o lu b le  s o lid s .  T h e  p H  o f  the  p u lp  was m e a s u re d  with a 
p H  m e te r  ( B e c k m a n ,  M o d e l  3500). T i t r a ta b le  acidity  was d e te rm in e d  by 
t i t r a t in g  th e  p u lp  with  0.1 N  N a O H  acco rd in g  to  th e  s ta n d a rd  p ro c e d u re s  o f  the 
A O A C  (1980). T o ta l  so lub le  solids (TSS) w e re  d e te rm in e d  by using an  A b b e  
re f r a c to m e te r  w ith  t e m p e r a tu re  a d ju s tm e n t  (A m e r ic a n  O p tica l ,  M o d e l  10450).

C h e m ic a l  c o m p o s i t io n .  P ro x im a te  analysis  fo r  th e  m o is tu re  c o n te n t ,  e th e r  
e x t ra c t ,  c ru d e  f ib re ,  n i t ro g e n  an d  ash  as well as v i tam in  analysis  fo r  v i tam in  C 
a n d  /3 -caro tene w e re  all d e t e r m in e d  acco rd in g  to  the  s ta n d a rd  p ro c e d u re s  o f  
th e  A O A C  (1980) e x c e p t  fo r  th e  ash  c o n te n t  w h e re  sam ples  o f  the  p u lp  in 
d u p l ic a te s  ( 5 - 1 0  g) w e re  a sh e d  a t  a t e m p e r a tu r e  o f  550°C in s te a d  o f  the  
r e c o m m e n d e d  525°C.

P ec tin  c o n te n t  w as d e te r m in e d  ac co rd in g  to  th e  m e th o d  d esc r ib ed  by C a r re  
& H a n re s ,  as r e p o r t e d  by L ee s  (1975). C a lo r ic  value  was d e te r m in e d  on  the  
v a c u u m  d r ie d  s a m p le  o f  th e  p u lp  by using  a Ballistic  B o m b  c a lo r im e te r  
(G a l le n k a n rp ,  M o d e l  C B A -3 0 1 )  using  p u re  sucrose  as a s ta n d a rd .

T o ta l  a n d  re d u c in g  su g ars  w e re  d e te r m in e d  ac co rd ing  to  th e  s ta n d a rd  
p ro c e d u re s  o f  th e  A O A C  (1980). F o r  su g a r  m o n o m e rs ,  a p p ro x im a te ly  20 g o f  
th e  p u lp  w as  w e ig h e d  ac cu ra te ly  in to  a sam p le  cup  o f  Sorvall O m n i-m ix e r /  
g r in d e r  a n d  exac tly  200 ml o f  d is til led  w a te r  w as a d d e d  a n d  th e  sam p le  g ro u n d  
a t  16 000 rev /m in  for  5 m in .  T h e  p rick ly  p e a r  p u lp /w a te r  m ix tu re  was sh ak e n  
fo r  1 h r  to  d isso lve  all sugars  in th e  w a te r .  T h e  ex trac t  w as th e n  f i l te red  
th ro u g h  W h a tm a n  N o .  2 f i l te r  p a p e r  (d isca rd in g  th e  first few millilitres w hich  
w e re  c lo u d y ) .  T h e  c lea r  m ix tu re  w as an a ly se d  on  a W a te r s  A L C -201  liquid  
c h r o m a to g r a p h  e q u ip p e d  w ith  a d if fe ren t ia l  re frac t iv e  index  d e te c to r .  T h e  
c o lu m n  u sed  fo r  th e  su g a r  s e p a ra t io n s  w as a B io -R a d  H P X -4 2  ca tion  ex c h an g e  
c o lu m n  w ith  w a te r  as th e  e lu t io n  so lven t .  T h e  a r e a  o f  th e  r e c o rd e d  p e a k s  f rom  
e a ch  s a m p le  w as  c o m p a r e d  w ith  p e a k s  f ro m  a s ta n d a rd  w a te r  so lu t io n  of 
g lu c o s e / f ru c to s e /s u c ro s e .

M in e ra l  ana lys is  fo r  N a ,  K , C a ,  M g , P a n d  F e  w e re  d e te r m in e d  in th e  ash 
w ith  an  a to m ic  a b s o rp t io n  s p e c t r o p h o to m e te r  (P e rk in  E lm e r ,  M o d e l  603) by 
d isso lv ing  th e  ash  in 5 ml o f  2 0 %  HC1 a n d  m a k in g  the  v o lu m e  to  100 ml with 
d e io n iz e d  w a te r .  T h e  final so lu t io n  fo r  C a  an d  M g  co n ta in e d  1 %  o f  l a n th a n u m  
to  o v e r c o m e  in te r fe re n c e s  espec ia l ly  by p h o s p h a te s .  P h o s p h o ru s  was d e t e r 
m in e d  by th e  m o ly b d o v a n a d a te  m e th o d  o f  th e  A O A C  (1980).
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M a n u fa c tu r in g  o f  ja m s .  In th e  m a n u fa c tu r in g  of  th e  j a m ,  th e  v a r iab les  
s tu d ie d  w e re  th e  su g a r /p u lp  ra t io ,  ac id ify ing  ag en ts  ( type  a n d  q u a n t i t ie s ) ,  p e r  
ce n t  o f  p ec tin  to  be  a d d e d ,  k ind  a n d  levels o f  f lavourings ,  da tes /p r ick ly  p e a r  
p u lp  ra t io  a n d  th e  ef fec t  o f  b la n c h in g  o f  th e  fru its  on  th e  q ua li ty  o f  th e  jam .

In all th e  tr ia ls ,  th e  p H  o f  p rick ly  p e a r  p u lp  ( 5 . 7 - 5 . 8 )  w as a d ju s te d  to  
p H  3.2  by th e  a d d i t io n  o f  a 2 0 %  so lu t io n  o f  th e  n a tu ra l  acids used . T h e  p u lp  
w as th e n  a d d e d  to  a co o k in g  p an  o r  o p e n  d o u b le  j a c k e te d  s team  k e t t le s  (L ee  
M e ta l  P ro d u c ts  C o .  In c . ,  U .S .A . ) .  It was th en  h e a te d  for  a few  m in u te s  a f te r  
w h ich  th e  su g a r /p e c t in  m ix tu re  w as a d d e d  in small in c re m en ts  w ith  c o n t in u o u s  
m ix ing . T h e  m ix tu re  w as left to  boil until  the  to ta l  so lub le  solids va lu e  
a p p r o a c h e d  6 2 - 6 3 °  Brix a f te r  w hich  citric  acid  was a d d e d  a n d  th o ro u g h ly  
m ixed .  C o o k in g  w as s to p p e d  w h e n  th e  final Brix va lue  re a c h e d  a b o u t  65°. 
V a r io u s  e x t ra c ts  a n d  n a tu ra l  f lavou rs  such as van illa  e x tra c t  (F -8001),  n a tu ra l  
a lm o n d  e x t ra c t  (R -3 7 0 ,  n a tu ra l  ap r ic o t  f lavou r  ( R - 1078), n a tu ra l  b a n a n a  
f lav o u r  (R -1 0 ,  75),  n a tu ra l  lem o n  e x t ra c t  (F -8999),  n a tu ra l  o ra n g e  e x t ra c t  
(F - 1625), th a t  w e re  o b ta in e d  f ro m  G iv a u d a n  C o rp .  ( U .S .A . ) ,  a n d  clove b u d s  
w e re  a d d e d  at v a r io u s  levels a n d  m ixed  well w ith  ja m  a f te r  it was f in ished  an d  
b e fo re  it w as filled h o t  in to  glass ja rs .  All jam  ja rs  w e re  co o led  qu ick ly  in a 
ch illed  w a te r  b a th .  S ev era l  t r ia ls  fo r  the  in c o rp o ra t io n  of  d a te  p u lp  in the  
p r ick ly  p e a r  ja m  a t  v a r io u s  levels (1 0 —2 5 % )  w e re  also inves t iga ted .

Processing o f prickly pears jam

S e n s o r y  e v a lu a tio n

S en so ry  e v a lu a t io n  tes ts  w e re  ca r r ie d  on  tw o  b a tch e s  of  ja m s  p r e p a re d  f ro m  
th e  b la n c h e d  a n d  u n b la n c h e d  fru its .  S even  d if fe ren t  p ro d u c ts  w e re  p re s e n te d  
to  a g ro u p  o f  u n t r a in e d  pan e lis ts  consis t ing  o f  s ix teen  to  s e v e n te e n  m e m b e r s .  
O n e  sam p le  w as  u sed  as c o n tro l  w h e re  citric acid was a d d e d  as th e  ac id ify ing  
ag e n t  w ith  n o  a d d e d  f lav o u rs  a n d  the  rest cons is ted  o f  sam p le s  hav in g  
d if fe ren t  f lavours .

T h e  tes ts  c a r r ie d  ou t  co n s is ted  o f  th e  p re fe re n c e  tes ts ,  h e d o n ic  scales 
sco r ing  using  a sca le  f ro m  9 —1, w ith  9 b e in g  ‘M o s t  l ik ed ' an d  1 ‘M o s t  d is l ik e d ’ 
(L a r m o n d ,  1977). P an e l is ts  w e re  se lec ted  ra n d o m ly  from  co l leag u es  a t the  
R e s e a rc h  C e n t r e  in c lu d in g  local n a t io n a ls  as well as ex p a tr ia te s .  E a c h  p ro d u c t  
w as e v a lu a te d  fo r  c o lo u r ,  ta s te  a n d  overa l l  accep tab il i ty .  In ad d i t io n ,  a 
c o m p a r i s o n  te s t  w as  c o n d u c te d  b e tw e e n  b la n c h e d  a n d  u n b la n c h e d  ja m s  using 
aga in  th e  h e d o n ic  sco r ing  sys tem  to  d e te r m in e  th e  effec t o f  b lan ch in g  on  the  
e v a lu a te d  c h a rac te r is t ic s  (c o lo u r ,  ta s te  an d  overa l l  accep tab il i ty ) .  T h e  sam p les  
co d in g  w e re  as follows:

P i— P rick ly  p e a r s + c i t r i c  acid;
P 2— Prick ly  p e a r s + c i t r i c  acid: ta r ta r ic  ac id  (1 :1); 
P i— P rick ly  p e a r s  +  citric  a c id + c lo v e s  ex trac t ;
P 4— Prick ly  p e a r s + c i t r i c  acid  +  a lm o n d  flavour;
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P 5— P rick ly  p e a r s + c i t r i c  a c id + o r a n g e  f lavour ;
Pft— Prick ly  p e a r s  +  citric  ac id  +  g ra p e f ru i t  f lavou r ;  
P 7— Prick ly  p e a r s  +  citric  a c id + 2 0 %  da tes .

Results and discussion

C h e m ic a l  c h a r a c te r iz a tio n  o f  th e  p u lp

T a b le  1 show s th e  f r a g m e n ta t io n  o f  th e  p rick ly  p ea rs  fru it  in to  its v a r io u s  
c o n s t i tu e n ts  in c lud ing  th e  p ee l ,  p u lp  an d  seeds.  E v e n  th o u g h  th e  pee l  an d  
see d s  to g e th e r  c o n s t i tu te  o v e r  5 0 %  o f  th e  fru it  a n d  a re  co n s id e re d  b y p ro d u c ts ,  
ye t  th ey  h av e  a p o te n t ia l  use as an  an im a l  feed .  T h e  seeds  a lo n e ,  c o n s t i tu t in g  
a b o u t  5 - 1 0 %  o f  t h e  f ru i t ,  m ig h t  a lso  be  o f  ce r ta in  p o te n t ia l  w h e n  ava ilab le  in 
large  q u a n t i t ie s  as a so u rc e  o f  ed ib le  oil a n d /o r  p ro te in  for  p o u l t ry  feed  
(S aw a y a  & K h a n ,  1982).

Table 1. Fragmentation of prickly pear fruit

Peel (48%)

Seeds (12%)

_Pulp(52%)

Strained pulp (88%)
Percent of fruit 

Strained pulp 45% 
Peel 48%
Seeds 7%

T h e  re su lts  o f  th e  c h a ra c te r iz a t io n  o f  th e  p u lp  for  p H ,  ac id ity  a n d  TSS  are  
p r e s e n te d  in T a b le  2. T h e  p H  w as fairly  h igh (5 .75) with a very  low ac id ity ,  
w h ich  im p lies  th a t  th e  p u lp  will n e e d  ac id if ica tion  b e fo re  its m a n u fa c tu r in g  
in to  j a m .  T h e  p e r c e n ta g e  o f  TSS (14.2° B rix) w as c o m p a ra b le  to  m a n y  o f  the  
m o s t  c o m m o n ly  c o n s u m e d  fru it  p u lps  such  as ap r ic o ts ,  ap p le s ,  ch e r r ie s  a n d  
p lu m s  a n d  w as m o re  th a n  th o se  o f  s t ra w b e r r ie s ,  r a sp b e r r ie s  an d  p e a c h e s  
( J a c o b s ,  1958).

Table 2. Characteristics of prickly pear pulp

pH 5.75
Acidity (expressed as citric acid) 0.18%
Total soluble solids (Brix) 14.2°
Total solids 14.5%
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P ro x im a te  ana lys is  o f  th e  p u lp  (T a b le  3) sh o w ed  th a t  th e  p e rc e n ta g e s  of  
p ro te in ,  e t h e r  e x t ra c t  a n d  c ru d e  f ib re  w e re  re la t ive ly  low. B es id es ,  th e  pec tin  
c o n te n t  w as  also  v e ry  low  th u s  suggest ing  th a t  ad d i t io n a l  pec tin  sh o u ld  be 
a d d e d  to  th e  p u lp  in e n o u g h  q u a n t i t ie s  to  a llow  for ge la t io n  o f  th e  jam . T h e  
c o n te n t  o f  v i tam in  C  in th e  p u lp  w as fa ir  an d  re p re s e n te d  a b o u t  h a lf  the  
c o n c e n t r a t io n  o f  v i tam in  C  o f  so m e  o f  th e  v i tam in -C -r ich  fru its  such  as 
o ra n g e s  a n d  le m o n s ,  a n d  a b o u t  o n e  a n d  a h a lf  t im es  th a t  o f  ch e rr ie s  (P e l le t t  & 
S h a d a re v ia n ,  1970). H o w e v e r ,  /3 -ca ro ten e  ex is ted  on ly  in t races  in th e  p u lp .  
T h e  ca lo r ic  v a lu e  w as  47.3 kcal/100 g of  pu lp  (3 .9  kcals/g  on  dry  w e igh t  basis) 
th u s  a p p r o a c h in g  th a t  o f  p u re  sucrose .

Table 3. Chemical analyses of prickly pear pulp

Parameter Fresh weight basis

Moisture 85.60
Crude protein (N x 6.25) 0.21
Crude fat 0.12
Crude fibre 0.02
Ash 0.44
Pectin 0.19
Vitamin C 22 mg/100 g
j3-carotene (Vit. A) Traces
Caloric value 47.30 kcal/100 g

S u g a r  ana lysis  (T a b le  4) re v e a le d  a 12.8%  su g a r  c o n te n t  in the  p u lp  on  fresh  
w e ig h t  basis . S u c ro se  w as n o t  d e te c te d  a n d  all o th e r  sugars  w e re  o f  the  
re d u c in g  ty p e .  D e ta i le d  H P L C  analysis  o f  th e  sugars  re v e a le d  th e  p re s e n c e  o f  
on ly  tw o  m o n o s a c c h a r id e s ,  g lucose  a n d  fru c to se  in th e  ra t io  o f  60:40. 
W id d o w s o n  & M c C a n c e  as r e p o r te d  by W h it t in g  (1970) c i ted  s im ilar  va lues  
th a t  a re  c o m m o n  to  v a r io u s  fru its .

Table 4. Sugar content of prickly pear pulp

Parameter (%) fresh weight basis

Total sugar (TS) 12.8%
Glucose 59.4% TS
Fructose 40.6% TS

R esu l ts  o f  th e  m in e ra l  analysis  a re  p r e s e n te d  in T a b le  5. T h e  c o n te n t  o f  i ron  
in th e  p u lp  w as re la t ive ly  low c o m p a r e d  to  the  o th e r  te s te d  m in era ls .  T h e  
a m o u n ts  o f  C a ,  M g , K , N a ,  P a n d  Fe w e re  c o m p a ra b le  to  th o se  of  o th e r  fru it  
p u lp s  w h ich  a re  c o m m o n ly  u t ilized  in ja m  p ro d u c t io n  such as ap r ic o ts ,  
p in e a p p le s  a n d  s t r a w b e r r ie s  (P a r e d e s -L o p e z  & R o jo ,  1973; J ac o b s ,  1958).
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Table 5. Mineral composition 
of prickly pear pulp

Mineral Pulp (mg/100 g)

Ca 27.6
Mg 27.7
Na 0.8
K 161
P 15.4
Fe 1.5

M a n u fa c tu r in g  o f  ja m

B e fo re  th e  e s ta b l i s h m e n t  o f  th e  final fo rm u la  for  the  ja m  a n d  th e  
p re s e n ta t io n  o f  th e  final p ro d u c ts  fo r  sen so ry  ev a lu a t io n ,  severa l  tr ials  w ere  
d o n e  to  s tu d y  th e  v a r io u s  v a r iab les  re le v an t  to  th e  e s ta b l ish m e n t  o f  an 
a c c e p ta b le  fo rm u la .  V a r ia b le s  in c lu d ed  the  p u lp /su g a r  ra t io ,  ac id ify ing ag e n ts  
(k in d  a n d  q u a n t i t ie s ) ,  p e r  c e n t  o f  p ec tin ,  f lavours  (k inds  an d  q u a n t i t ie s ) ,  
d a te /p r ic k ly  p e a r  p u lp  ra t io  a n d  th e  effec t o f  b lan ch in g  o f  th e  fruits  on  th e  
q u a l i ty  o f  th e  ja m .

P re l im in a ry  re su lts  in d ica ted  th a t  a m o n g  the  v ar ious  p u lp /su g a r  ra tio s  t r ied ,  
in c lud ing  4 0 :60 , 50 :50 , 55:45 a n d  60:40, the  last was fo u n d  m ost  a c cep tab le .  In 
th e  o th e r  th r e e  ra t io s ,  th e  ta s te  w as d o m in a te d  by the  high su g a r  c o n te n t  thus  
p ro d u c in g  very  sw ee t  p ro d u c ts .  W ith  re sp e c t  to  th e  acid ify ing ag e n ts ,  citric 
acid as well as a c o m b in a t io n  o f  1:1 citric an d  ta r ta r ic  w e re  b o th  s u p e r io r  to  
e i th e r  t a r ta r ic  o r  m alic  ac id  a lo n e  a n d  to  a c o m b in a t io n  o f  1:1 m alic  a n d  citric 
acids.

V a r ia t io n  in th e  levels  o f  p ec tin  (slow  set)  a d d e d  ra ng ing  f ro m  0 . 5 - 2 % ,  on 
the  basis  o f  th e  w e ig h t  o f  the  su g ar ,  sh o w e d  th a t  a sa t is fac to ry  g e la t io n  o f  th e  
ja m  w as o b ta in e d  w ith  a level o f  1 .25% . T h e  a d d i t io n  o f  severa l  n a tu ra l  
f lav o u rs  a t d i f fe re n t  levels  inc lud ing  o ra n g e ,  lem o n ,  g ra p e f ru i t ,  a lm o n d ,  
van il la ,  c love  b u d s ,  ap r ic o t  a n d  b a n a n a  sh o w ed  th a t  the  m o s t  p re fe ra b le  o n es  
w e re  o ra n g e  a n d  g ra p e f ru i t  (0 .0 4 5 % ) ,  a lm o n d  (0 .0 4 5 % ) a lm o n d  a n d  cloves 
(0 .0 2 7 % ).

T h e  inc lu s io n  o f  var ious  levels o f  d a te  p u lp  (5 - 5 0 % )  in the  prickly  p e a r  pu lp  
fo r  th e  m a n u fa c tu r in g  o f  ja m s  can  be  o f  g re a t  s ign ificance in a c o u n t ry  like 
S au d i  A r a b ia ,  w ith  an  an n u a l  d a te  p ro d u c t io n  of o v e r  350 000 tons .  
P re l im in a ry  te s ts  sh o w e d  th a t  a level o f  2 0 %  d a te s  was th e  m o s t  p re fe r r e d .  
T h e  sa m e  level w as,  th e r e f o r e ,  u sed  in th e  fo rm u la t io n  o f  the  final p ro d u c t .

A f t e r  th e  e s ta b l i s h m e n t  o f  th e  final fo rm u la  o f  th e  ja m ,  the  fo rm u la t io n  o f  
th e  ja m  w as  te s te d  o n  b la n c h e d  a n d  u n b la n c h e d  prickly  p e a r  fru its  b e fo re  
p u lp ing .  B lan c h in g  w as  in c lu d ed  to  inves t iga te  any  im p ro v e m e n t  on  the  
o rg a n o le p t ic  q u a l i ty  o f  th e  final p ro d u c t .  H e n c e ,  tw o b a tch e s  o f  th e  jam  w ere  
p r e p a r e d ,  b la n c h e d  a n d  u n b la n c h e d ,  a n d  the  final p ro d u c ts  o f  b o th  b a tc h e s  
w e re  p r e s e n te d  fo r  th e  s en so ry  ev a lu a t io n  ta s te  pane ls .
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Sensory evaluation

Based on the above results, a final formula for the preparation of the jam 
was set and is shown in Table 6. This formula was employed in the preparation 
of the final products for quality evaluation of both batches, blanched and 
unblanched. Results of the sensory evaluation of the blanched prickly pear 
samples (Table 7) showed that there was no significant difference at the 5% 
level, between the control citric acid (P ,) and the flavoured jams (P2—P6) 
citric/tartaric, orange, grapefruit, almond and cloves, for the three character
istics evaluated, namely, colour, taste and overall acceptability. However, 
with respect to the inclusion of 20% dates (P7), there was a significant

Table 6. Prickly pear jam processing formula

Ingredient(s) Quantity (100 g mix)

Prickly pear pulp 60
Sugar 40
Pectin 0.50
Citric acid 0.55
Citric acid/tartaric acid 0.32/0.32
Flavours:

Vanilla extract 0.01
Banana flavour 0.042
Lemon extract 0.045
Apricot flavour 0.049
Orange extract 0.045
Grapefruit extract 0.045
Clove buds 0.027
Date pulp* 12

* Date pulp added as 20% of the weight of 
prickly pear pulp.

Table 7. Sensory evaluation of blanched prickly pear jams by scoring 
(preference test)

Prickly pear jams

Criteria evaluated

Colour* Taste*
Overall
acceptability*

Pi Citric acid control 6.94 7.06 7.06
P2 Citric/tartaric 7.34 7.44 7.44
P 3  Clove extract 6.88 6.44 6.56
P4 Almond flavour 7.63 6.31 6.63
P 5  Orange flavour 7.94 7.25 7.50
Pö Grapefruit flavour 7.81 7.69 7.69
P 7 20% Datesf 5 ,00a 5.50 5.13”
LSD (5%) 1.27 1.65 1.48

* Values are means of sixteen judgments, 
t  a, b, (P7) = Significant difference at 5% level (P<0.05).



Prickly pear jam 191

difference (T<0.05) for both colour and overall acceptability. The colour 
could have adversely affected the overall acceptability because the ripe date 
variety used was very dark brown in colour and may have contributed to the 
darkening of the colour of the final product. Different date varieties of lighter 
colour can be employed in the future which might elim.nate such an effect.

As for the unblanched jams, results in Table 8 revealed that there was a 
significant difference at the 5% level between the control (P,) and the almond 
flavoured jam (P6) with respect to taste and overall acceptability, and the 20% 
date-based products (P7) with respect to colour and overall acceptability. 
However, there was no significant difference at the 5% level for the orange 
flavoured, grapefruit and clove jams. The low score obtained for the taste of 
the unblanched almond jam might have contributed to the low score of the 
overall acceptability. This could have been due to certain subjective 
differences among the different panelists which showed only in the unblan
ched almond jam but not in the blanched one. With respect to the date-based 
product, the results obtained here agree very well with those obtained in 
Table 7 for the unblanched product for both colour and overall acceptability.

The results of the comparison of the effect of blanching which were tested 
on two products, P2 and P6, are presented in Table 9. No significant 
improvement at the 5 and 1% levels between the blanched and unblanched 
products for both the control and the grapefruit flavoured jam was observed.

After analysing the data obtained from this study, we can conclude that the 
prickly pear can be utilized successfully for the manufacturing of jams 
wherever it exists in abundance and as an inexpensive resource, as in Saudi 
Arabia. Results of the chemical analysis of the pulp revealed that from the 
nutritional point of view, it is comparable to other fruits that are commonly 
utilized in the manufacturing of jams and jellies. The sensory evaluation

Table 8. Sensory evaluation of unblanched prickly pear jams by 
scoring (preference test)

Prickly pear jams

Criteria evaluated

Colour* Taste*
Overall
acceptance*

Pi Citric acid (control) 7.82 7.24 7.35
Pa Citric/tartaric 7.76 7.65 7.71
P 3  Clove extract 6.94 6.29 6.56
P 4  Almond flavourf 7.35 5 .4 P 5.88c
P 5  Orange flavour 6.88 6.94 7.00
P6 Grapefruit flavour 7.24 7.41 7.41
P 7 20% Datesf 5.88a 6.47 6.00d
LSD (5%) 1.25 1.53 1.27

* Values are means of seventeen judgments, 
f  a, b, c, d=  Significant at the 5% level (P<0.05).

13
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Table 9. Sensory 
prickly pear jams

evaluation of blanched versus unblanched

Criteria evaluated

Overall
Prickly pear jams Colour* Taste* acceptability*

P2 Unblanched 7.86 7.79 7.64
P2 Blanched 7.79 7.71 7.79

LSD (5%) 0.73 0.93 0.91

P6 Un blanched 7.14 7.36 7.00
P6 Blanched 7.57 7.36 7.29

LSD (5%) 1.07 1.08 0.99

* Values are means of fourteen judgments.

results showed that the jam was acceptable both with and without any flavours 
added. From an economical point of view, the utilization of prickly pear in the 
manufacturing of jam can be profitable, especially if efficient mechanical 
devices are developed that can replace hand peeling of the fruits during 
processing.
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Froth flotation as a means of protein extraction from mussels

C. R. HOLLAND, M. S. OTTERBURN and P. McCOMISKEY

Summary
Batch studies on froth flotation as a means of protein extraction from a milled 
mussel matrix show that the technique is feasible. High efficiency of 
separation (>90%) of the mussel flesh and shell, along with high protein 
recoveries (>90% ) are reported, using a combination of a frothing agent, 
Lissapol, and a flocculent, Difco. Heat pre-treatment of the milled mussel 
matrix is shown to have little effect on the system.

Introduction
Proteins form a necessary component of an animals diet and as the world 
population increases, so does the demand for this source of foodstuff. 
Inevitably this increased demand has led to increased costs for the commodity. 
The possibility of substantial profits, that could be made by obtaining a cheap 
source of dry protein rich concentrate, has attracted much attention. Practical 
feeding trials on poultry (Hopwood, 1978), using mussel protein, have 
demonstrated that high protein concentrate materials can replace equal 
weights of herring and soya meal proteins without significant change in live 
weight gain, feed conversion and mortality.

Due to the fecundity, rate of growth and wide distribution of highly 
successful cultures of mussels, they may play a role in any assessment of 
alternative sources of protein. Many countries, such as Spain, Holland, 
France and Germany have already adopted highly successful culture systems 
and the reliability of supply, a primary consideration underlying any raw 
material, seems assured. The developing culture techniques seem to culminate 
in the use of suspended cultures. Few countries, however, harvest mussels 
from natural beds alone, an exception being Chile. Around the coastlines of 
Northern Ireland considerable natural beds of mussels exist. On the map of 
Northern Ireland (Fig. 1), some of these beds are marked, examples being: 
Belfast Lough, Carlingford Lough and the Foyle Estuary. From the Foyle
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Estuary alone estimates in excess of 11 000 tonnes of full size mussels are 
given for bed masses (Both, 1978).

Separation of a mixture of particles of protein and shell using froth flotation 
methods depends on differences in the surface properties and densities of the 
materials involved. If the mixture of solids is suspended in an aerated liquid, 
the gas bubbles will tend to adhere preferentially to some of the constituents 
(in this case proteins), the ones which are more difficult to wet by the liquid, 
and their effective densities reduced to such an extent that they will rise to the 
surface. If a suitable frothing agent is added to the liquid, the particles will be 
held in the surface by means of the froth until they can be discharged over a 
weir. The separation of protein particle and shell is not 100% as some shell 
fines are also removed. The shell accounts for less than 1% of the product 
weight.

The process depends on the existence, or development, of a selective 
affinity of one of the constituents for the envelopes of the gas bubbles. In 
general, this affinity must be induced, and the reagents which increase the 
angle of contact between the liquid and one of the materials are known as 
promoters and collectors. Promoters are selectively adsorbed on the surface of 
one material and form a monomolecular layer. Promoters ionize in solution, 
and the polar end of one of the ions is adsorbed by the particle, the new 
surface of the particles is therefore made up of the non-polar part of the 
radicle, so that the contact angle with water is increased. Collectors are 
materials which form surface films on the particles. These films are thicker 
than those produced by promoters, and collectors therefore have to be added 
in higher concentrations. An essential requirement of the process is the 
production of a froth of sufficient stability to retain the particles in the surface.



Liquid soaps, such as lissapol, not only produce stable froths but in addition 
act as a collector.

Suspensions of the proteins having micron and sub-micron particle sizes 
may be more effectively removed if they are caused to aggregate. This may be 
achieved by ‘coagulation’ and ‘flocculation’. In engineering convention, 
coagulation is seen as the destabilizing process brought about by the addition 
of some reagent to a dispersion of particles in a continuous liquid phase in 
which it is possible for the particles to adhere and form floes, whilst 
flocculation is the hydrodynamic process in which these collisions are brought 
about. In this paper the term ‘flocculation’ will be used to describe any 
phenomena which cause aggregation of particles. It has been shown that 
(Helmholtz, 1879) a potential difference usually exists at a solid-liquid 
interface. Due to the presence of this surface potential, ions of opposite 
charge, the counter ions, will be attracted towards the surface giving rise to a 
high counter ion concentration adjacent to the surface decaying with 
increasing distance until the solution equilibrium concentrations are attained. 
An electrical double layer is formed. If the innermost layer of ions is imagined 
to move with the particle when there is relative motion between the particle 
and the fluid, a potential will exist at the plane of shear known as the zeta 
potential. It is the reduction of the zeta potentials which results in flocculation 
of the particles. This may be achieved by changing pH and by the addition of 
counter ions of high charge. As counter ions in aqueous systems are most 
frequently positively charged this is done in practice by the use of salts 
containing Af,+ , Fe’+, Fe2+ and Ca2+ ions (Akers, 1978).

In situations (Akers, 1978), where charge neutralization effects could not 
explain flocculation phenomena, a bridging theory was proposed (Ruehrwein 
& Ward, 1952) in which polymer molecules are seen as being adsorbed onto 
more than one particle hence holding them together. The adsorption effect of 
the polymer to the surface may be charge effects, dispersion forces or 
hydrogen bonding. These polymeric flocculants may be regarded as crosslink
ing agents imparting structural rigidity to the floe.

The paper reports research work aimed at developing a commercial method 
for processing the landed mussels into a suitable high-protein concentrate. 
The four main crude constituents in mussels are, protein, lipid, shell and 
water. The process studied employed initial size reduction of the mussels in a 
suitable mill. Due to the various physical differences of the constituents in the 
milled product, the technique of froth flotation was investigated to separate 
the shell from the valuable protein component.
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Materials and methods

Materials

Mussel samples were taken from the Foyle Estuary on the northern coast of 
Northern Ireland (Fig. 1). The mussels were size reduced in a hammer mill
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giving products which fall into three categories. The bulk of the shell was 
reduced to approximately 3 mm sized particles, and a small proportion of fins, 
whose size distribution is given in Fig. 2. The flesh was ground very fine, i.e. 
80% w/w less than 20 /xm, except for some fibrous material which remained in 
lengths of a few millimetres.

In an attempt to optimize the extraction process various materials were 
added to the froth flotation column in a series of controlled experiments. A 
volume of solvent had to be added to the ground mussel bed in the column in 
order for the frothing process to take place. Two solvents were used, one 
being fresh water, the other a 5% w/w sodium chloride solution (approximate 
sea water conditions). The latter solvent was used, as any potential processing 
plant may be situated on the sea front, to see if any advantages may accure 
from the use of sea water.

The frothing agent was a liquid soap, lissapol, which not only produced a 
stable froth but also acted as a collector in the froth flotation system. The 
influence of a flocculating agent on the system was investigated by using



Difco, a mixture of ferrous and aluminium sulphates in sulphuric acid. Work 
has been published (Jprgensen, 1968, 1971; Tpnseth & Berridge, 1968) on the 
application of a protein precipitant, lignin sulphonic acid, and tests were 
undertaken using this material.
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Methods

The great difference between the sizes of the milled shell and flesh 
products, highlighted the possibility of froth flotation as a mode of separation 
of the products. The basic batch apparatus (Fig. 3) consisted of a vertical 
Perspex column 67 mm in diameter and 700 mm long. At 30 mm above the 
base of the column was a fine nylon air distribution plate spanning the whole 
cross section. Air was supplied, from a compressor to the base of the column, 
via a gate valve and rotometer. Along the side of the column, at intervals of 
100 mm, were side nozzles for sampling or injection purposes. The lowest side 
nozzle being situated immediately above the air distribution plate. Any

Frothing e x tro c t

Sample ducts

Frothing agent

D is tr ib u to - p late

Figure 3. Batch froth flotation apparatus.



additional water, flocculating or frothing agents required could be introduced, 
in controlled dosages, via this lowest side nozzle, which was plugged using 
serum stoppers, by use of hypodermic syringes.

The experimental procedure adopted in each test run was the same except 
for slight variation in mussel pre-treatment and solvents used. The flotation 
column was charged with a 500 g batch of ground mussels into which was 
injected 10 ml frothing agent. This was done using an hypodermic syringe 
through the serum stopper. Following the addition of 1.5 litres of solvent the 
air flow was adjusted to the required rate. The steadily rising foam was 
collected at the exit shute. Samples of foam were taken at various times. Each 
batch sample, collected over 1 min, was broken down using a fine mist spray, 
centrifuged for 5 min at 3000 rev/min and dried to constant weight at 110°C in 
a tray dryer.

The protein contents of the original organic charge and all products were 
obtained by Kjeldahl analysis of dried samples. Drying and incineration tests 
(800°C for 1 hr) were undertaken on the extracted beds from the column. This 
was to establish how much organic matter remained unextracted in the bed. In 
the incineration tests the shell matrix disintegrated and suffered a small weight 
loss, the magnitude of which was established in a series of controlled 
experiments. Similar incineration tests were undertaken on samples of the 
final dry product to establish how much fine shell had been extracted along 
with the proteinaceous product. This was always less than 1% w/w.

Results and discussion

Tne protein content of mussels is relatively high, 64 g/100 g dry matter with a 
good amino acid balance (Table 1). The breakdown shows a wide range of 
amino acids with good concentrations of lysine and methionine. The figures 
compare favourably with the Food and Agriculture Organization ‘provisional 
pattern of essential amino acids for human nutrition' (FAO, 1957). It must be 
emphasized at this point that any product produced would be aimed at animal
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Figure 4. Cumulative extraction of protein using distilled water as solvent.
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Table 1. Amino acid analysis of mussel 
protein and Food and Agriculture Orga
nization provisional pattern of essential 
amino acids for human nutrition

Content (%)

Amino acid Mussel FAO

Aspartic acid 11.7 —

Threonine 5.2 2.8
Serine 4.6 —

Glutamic acid 13.0 —

Proline 3.5 —

Glycine 10.5 —

Alanine 8.1 —

Valine 6.0 4.2
Cystine 1.2 —

Methionine 2.0 2.2
Isoleucine 5.2 4.2
Leucine 7.6 4.8
Tyrosine 2.4 2.8
Phenylalanine 3.8 2.8
Lysine 7.4 4.2
Histidine 1.8 —

Arginine 5.9 —

feed and not human consumption. The acceptability of the chemicals used in 
the extraction process would depend upon the quantities of the product used 
as supplement to the animal diet.

The results of the extraction of protein from the milled mussels in the 
flotation column may be conveniently discussed by first considering the basic 
system, water solvent/lissapol, and then the effects of changing process 
conditions. The effects of changing the air flow rate are graphically 
represented in Figs 4 and 5. The initial rates of extraction are higher for the 
higher flow rates but the values falling with increased time as the protein in the 
bed was depleted. Greater turbulence of the bed was produced at the higher 
flows which resulted in higher total protein percentage extractions (Table 2). 
The percentage recovered of the extracted protein dropped from 30.7 to 
27.9%, with increase in air flow rates. The overall separation of the shell and 
mussel flesh, usually in excess of 90%, was considered satisfactory. The 
material left in the bed was the strands of fibrous material which was found to 
be difficult to extract. The percentage recovery of protein was low at 30%, 
indicating that a high proportion of the protein was still in a soluble form. 
Coagulation of the proteins was attempted by pre-heating the mixture of 
water and milled mussels to 70°C and maintained at that temperature for 
30 min. The pre-heated bed was then added to the flotation column for 
extraction. Only a marginal improvement is obtained (Figs 6 and 7). The
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Table 2. Extraction and recovery efficiencies

Solvent
Flow rate 
(ms/hr) pH

Frothing
agent Precipitant Flocculent

Extraction
(%)

Recovery
(%)

h 2o 2 7 Lissapol — — 89.7 30.7
h 2o 4 7 Lissapol — — 94.6 27.9
h 2o * 2 7 Lissapol — — 80.9 35.6
h 2o * 4 7 Lissapol — — 93.6 30.0
h 2o 2 3 Lissapol — Difco 76.7 94.0
h 2o 4 3 Lissapol — Difco 79.9 95.3
5% w/w NaCl 2 7 Lissapol — — 90.7 47.0
5% w/w NaCl 4 6 Lissapol — — 97.0 75.1
h 2o 2 3 Lissapol L.S.A. — 96.5 19.8

* Solvent and ground mussel bed pre-heated to 70°C.

lower extraction efficiency obtained at the low air flow rate, 80.9% (Table 2) 
would suggest a greater difficulty of removing the more coagulated material 
from the bed, but when greater turbulence occurs (4 nrVhr) no such difficulty 
is exhibited. The slight increase in percentage recovery obtained would not 
seem to warrant the added energy costs in heat pre-treatment.

The addition of the Difco flocculating agent produced a significant change. 
The solvent used in the series of experiments had a concentration of 10 ml 
Difco in 1000 ml solution and pH 3. The results clearly indicate the advantage

Figure 5. Extraction rates of protein using distilled water as solvent.
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Figure 6. Cumulative protein recovery using various solvents, air flow rate=2 nrVhr.

of the flocculating agent in the percentage product recovery of the extracted 
protein, efficiencies in excess of 94%. The percentage extractions are much 
lower than for the previous process conditions. Floes are formed within the 
milled bed and may have a binding effect and also become entrapped within 
the shell bed cavities. The presence of the Al3+ and Fe3+ ions and change in 
pFl to an acidic value (pH 3) will have produced a reduction in the zeta 
potentials facilitating coagulation of the proteins. An additional mechanism 
may be the hydrolysing effect of salts of the polyvalent cations Fe3+ and Al3+. 
The rate of coagulation is enhanced by the presence of hydrolysis products of 
the salts. The complex ions formed may be regarded as an :on exchange medium 
capable of adsorbing anionic groups in the proteins. The ability of acid hydro
lysing metal salts to act as flocculating agents has been utilized, on an industrial 
scale, for the recovery of proteins and also fats from colloidal systems (Khlyn, 
1979, Hopwood, 1975).

The tests using simulated sea water conditions (5% wAv NaCl) and neutral 
pH produced only small improvements as compared to the basic system of 
distilled water with no flocculant. The slight increase in percentage recovery 
(30.7-47.0%) may be due to the salting out effect. The recovery was still 
considered too small and, because of more favourable avenues using 
flocculants, was not pursued. Although work at Aktiebolag Perac in Belgium 
(1965) has shown the successful application of precipitation with a neutral salt 
(NaCl) as part of a more complex process. The adjustment of the NaCl 
solution to pH 6 improved the percentage recovery but it was still less than 
that obtained using an acidic flocculant.
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Tim e ( mm )

Figure 7. Cumulative protein recovery using various solvents, air flow rate=4 rrd/hr.

Much literature (J0rgensen, 1968, 1971; T0nseth & Berridge, 1968) has 
been published on the precipitation of protein using lignin sulphonic acid, a 
byproduct from the sulphite wood pulping industry. The precipitation of 
soluble protein with soluble lignin sulphonic acid in an acidic aqueous system 
is believed to be a nearly instantaneous reaction involving the negatively 
charged lignin sulphonate groups and the positively charged amino groups on 
the protein molecules. The complexing of these large molecules results in a 
gelatinous suspended material. The pH of the solutions must be below the 
isoelectric point of the proteins to ensure a net positive charge on the proteins. 
Acidification to pH 3.5 or less usually ensures this condition. The cumulative 
protein extraction. Fig. 6, and the percentage recovery were very low using 
this precipitant. The major reason for these low values is that the density of 
the complexes formed is very similar to that of water making centrifugation of 
the product very inefficient. To improve product recovery other physical 
separation techniques would have to be employed.

C o n c lu s io n

The batch studies, on froth flotation as a means of protein extraction from 
mussels, have shown that the technique is feasible. The results have shown the 
importance of the pH of the system and the use of flocculating agents on 
product recovery. The increase in world demand for protein and the
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encouraging feeding trials using mussel protein would indicate a need for 
commercial development of the investigated extraction system.
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Isolation and characterization of branched chain fatty acids 
(other than those derived from phytol) in cod liver oil

*L. A. D. DURU

Summary

A group of mono- and di-unsaturated branched chain fatty acids were isolated 
and characterized by GC-MS. A GC-MS analysis of the perhydroderivatives 
of these acids revealed the presence of the following acids: 5- 
methyltetradecanoic, 5,7-dimethyltridecanoic, 7-methylhexadecanoic, 5,7- 
dimethyltetradecanoic, 7,9-dimethylhexadecanoic, 9-methyloctadecanoic, 
7,9- and 9 ,11-dimethyloctadecanoic acids. Of these, only the 7,9- 
dimethylhexadecanoic acid was fully characterized in its unhydrogenated form 
as 7,9-dimethylhexadecadienoate (A 6,8). The presence of the branched 
methyl groups on alternate odd carbon atoms is uncommon.

Introduction

Cod, Gadus morhua, and herring, Clupea harengus, are among the greatest 
weight of fish landed in the world. European production of fish liver oil 
however is on the decline but the major part of the production is cod liver and 
halibut liver oils. Cod liver oil was produced and sold mainly for its content of 
the fat soluble vitamins A and D. Cod liver oil now attracts new interest on 
account of its content of polyunsaturated fatty acids (PUFA) believed to be 
important in human nutrition, utilized mainly as a source of essential fatty 
acids. The branched chain fatty acids present in cod liver oil contribute to the 
lower melting point of the oil. When esterified to cholesterol, branched chain 
fatty acids are capable of stimulating protein synthesis. It has been shown that 
the branched chain ester influences some ribosomal functions which are 
necessary for peptide elongation (Hradec, Dusek & Mack, 1974). Children in 
most developing countries are regularly given cod liver oil, presumably due to
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the above reason. Branched chain fatty acids have been identified as growth 
factors in certain species of rumen bacteria (Allison et al., 1962).

Cod liver oil maintains dermal integrity and its essential fatty acid and 
possibly, the branched chain ones ensures proper utilization of saturated fat. 
The PUFA and branched chain acids play a major role in the lowering of 
cholesterol levels, provide energy and form an integral part of biomembranes. 
The production of margarines from the hydrogenated oil is an important 
industrial aspect of the fish oil industry; and in this regard, branched chain 
acids because of their high temperature stability play an important role in the 
finished product.

The discovery and characterization of an unsaturated branched chain fatty 
acid in fish lipids was first reported by Sano (1967), who isolated 7- 
methylhexadec-6-enoic acid from whale oil. Ackman et al. (1973), found the 
same acid to be a minor component in the lipids of marine animals and also 
identified 7-methylhexadec-7-enoic and 5-methyl-tetradec-4-enoic acids in the 
sperm whale (Pascal & Ackman 1975). Pearce & Stillway (1976), isolated and 
identified 7-methylhexadec-7-enoic acid from the spadefish liver oil.

The occurrence of these unusual fatty acids is not confined to aquatic 
sources. Gerson, Patel & Nixon (1975) recognized 11-methyloctadec-ll-enoic 
acid among other branched chain acids from the lipid of rhizobium cultured 
under controlled conditions. The origin of these unusual acids in aquatic 
animals has been suggested to be dietary (Ackman et al., 1973), while 
Karlsson, Lefiler & Samuelsson (1979) felt the origin may arise from an unusual 
diene sphingosine derivative by metabolic conversion.

The presence of these unusual acids in many aquatic sources prompted the 
search for similar acids in cod liver oil.

Materials and methods

Samples

The cod liver oil used in this study was supplied by the Marfleet Refining 
Company and this was supplemented by purchase of cod liver oil containing 
high polyunsaturated fatty acids from a local pharmacist. The two samples 
were co-mingled prior to the analytical procedure.

Transesterification

Cod liver oil (1400 g) dissolved in benzene (1500 ml) was refluxed for 3 hr 
with methanolic sodium methoxide solution (0.5%, 2 litres). After addition of 
acetic acid (200 ml) and brine (1.5 litres), the esters were extracted with 
distilled petroleum ether (b.p. 40-60°C, 2x1 litre), and the petrol extracts 
were washed first with brine (1x2 litres) and then with distilled water (2x1.5 
litres). Removal of solvent furnished cod liver methyl esters (1450 g).
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Urea fractionation

Cod liver methyl esters (1450 g) were crystallized at 0°C from methanol (3.6 
litres) containing urea (2900 g). The esters (266 g) remaining in the liquor, 
treated in the same way (urea, 1330 g; methanol, 1330 g) gave a second liquor 
which contained 111 g esters.

Silver ion column chromatography

A column of silica (52x9.5 cm) containing 30% silver nitrate wrapped in 
aluminium foil to exclude light, was equilibrated with PE5 prior to addition of 
the second mother liquor (100 g out of the 111 g esters obtained). Abbrevia
tions such as PE5 indicate mixtures of petroleum and diethyl ether in a volume 
ratio of 95:5. Material was eluted with PE5 1.5 litres of eluent and yielded 
3.0 g of ester from AgccFl (silver ion column chromatography fraction 1), 
followed by PE10 1.5 litres of eluent which yielded 10.5 g ester from AgccF2 
(silver ion column chromatography fraction 2) and ether 1.5 litres which 
yielded 85.2 g esters.

Column chromatography (silica)

Sorbsil silica gel (100 g) packed into a glass column (105x120 cm) was 
equilibrated with distilled petroleum ether (b.p. 40-60DC). AgccF2, (2.5 g) 
dissolved in petroleum ether was applied to the column and eluted with 100 ml 
portions of PEI, PE2, PE5, PE10, PE20 and PE50, followed by ether. The 
progress of elution was monitored by thin layer chromatography (t.l.c.) 
(silica) using phosphomolybdic acid as the detecting agent. Methyl esters were 
eluted with PE5 and PE10 after non-ester impurities had been eluted with PEI 
and PE2.

Thin layer chromatography (t.l.c.)

Analytical t.l.c. was carried out on glass plates (20x20 cm) coated with a 
layer of silica gel G (0.25 mm wet thickness) or with silica gel G containing 
10% silver nitrate. Preparative separations were carried out on glass plates 
(20 x 20 cm) coated with silica gel G (0.5 or 1 mm wet thickness) containing 
20% silver nitrate. Development of plates were carried out in PE7.5.

Components separated on analytical plates were made visible by spraying 
with an ethanolic solution of phosphomolybdic acid (10%, v/v) followed by 
heating at 110-120°C for 10 min. Preparative t.l.c. plates were sprayed with 
an ethanolic solution of 2',7'-dichlorofluorescein (0.2%, v/v) and viewed 
under u.v. light.

14*
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Hydrogenation

The unsaturated ester (5-10  mg) was dissolved in methanol (2 -3  ml) in a 
round bottomed flask (25 ml) and palladium on charcoal (10%, 1 -2  mg) and 
a small magnetic paddle were added. The flask fitted with a two-way tap, was 
alternatively evacuated and flushed with hydrogen several times to remove 
air, and finally opened to the hydrogen atmosphere.

The reaction mixture was vigorously stirred for 1 hr at room temperature. 
The catalyst was removed by filtration and the residue washed with warm 
ether, and the material recovered by evaporation under nitrogen.

GC-MS analysis

Gas chromatography linked mass spectrometry was carried out using a 
25 ml silar 5CP capillary column. Spectra were recorded at 70 eV electron 
impact ionization and linked to the computer data system.

Results and discussion

Isolation of unsaturated branched chain esters was carried out employing urea 
fractionation, silver ion column chromatography and argentation thin layer 
chromatography. Details of the isolation procedures are outlined in Scheme I. 
The mother liquor (AgccF2) was submitted to a series of silver ion t.l.c. 
separations to obtain the band B4.2.2 which contains some unsaturated 
branched chain esters and furanoid esters as shown in Table 1. Notable 
amongst these is a series of esters of unfamiliar ECL values which differ by 
one ECL unit. On a polar column (SP 2340) esters of ECL 18.8, 19.8 and 20.8 
predominated over other branched chain esters. Attempts to free this band of 
the furanoid esters were unsuccessful.

General comments on the mass spectra o f branched chain<acids 

In general a branched-chain ester undergoes cleavage on

CH3

CH3(CH2)m -  CH -  (CH2)nC 0 2Me 

a, a+1, a+2

b

either side of the branched chain carbon atom to give fragments a and b. With 
a methyl branch, these differ by 28 atomic mass units (a.m.u.) and the peaks 
at a and b are much larger than the peak at a+14 which would be obtained in 
the absence of branching at that point. In addition, fragment a is accompanied
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Cod liver oil (1450 g) 
MeOH, NaOMe

Methyl esters
Urea ( 2 : 1 )

First adduct (1214 g )

First liquor (266 g) 

Urea ( 5 : 1 )
Second adduct ( 155 g)

Second liquor (III g)

3 0 %  Ag+ column chromatography 
(52  x 9-5 cm) 100 g of esters. 
Eluted with PE5

AgccFI (3-0 g)

Eluted with PEIO

AgccF2 (10-5 g )

Ag+ TLC ( 1-0 mm 
200  m g/plate

thickness)

1
B5

1
B4

1
B3

1
B2

1
Bl

(80  mg ) (340  mg) (630 mg) (1 mg) (45 mg

Ag+ TLC (0-5 mm thickness)

1------------------------------

100 m g/plate

-------------------------------------------------------------- 1
B4.3 B4.2 B4.I

(10 mg) (150 mg) (45 mg)

Ag+ TLC (0*5 mm thickness)

I --------------------------------------- 1
B4.2.3 B4.2.2 B4.2.I
(trace) (130 mg) (trace)

GC- MS (capillary) 
silar 5CP

Figure 1. Scheme I: flow diagram for the isolation of branched chain fatty acids.
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Table 1. Component acids (%  wt) of the concentrate (B4.2 and 
B4.2.2) and perhydro derivatives of B4.2.2 (SP2340, 185°)

Assignment B4.2 B4.2.2

B4.2
(perhydro
derivative)

12:0 — trace trace
P16 2.7 1.9 4.3
P17 — 0.5 —
C15 br. 0.4 0.8 —
P19 0.7 — 0.2
16:0 br. — 1.0 28.2
Cl 6 br. 0.9 1.6 —
1 6 :1/C16 unsat. br. 1.5 3.6 —
P20/17:0 br. 4.7 — —
C17 br. 0.9 0.4 —
Cl 8 br. — — 2.9
18:2 br. 23.1 22.2 —
C19 br. — — 0.8
19 : 2 br. 3.0 1.4 —
20 :0  br. 1.5 0.5 3.5
20: 2 br. 11.7 4.5 —
C20 unsat. br. — — 7.3
FI — — 1.9
F2 23.3 21.6 22.7
F3 1.6 2.7 6.0
F4 12.4 13.4 15.7
F5 6.9 7.0 0.6
F6 4.7 15.1 5.8
F7? — 1.1 —
F8? — 0.7 —
F9? trace trace —

by smaller peaks at a+1 and a+2, and fragments a and b, may each lose 
methanol and water sequentially.

A different kind of fragmentation produces peaks at M-29 through loss of 
the C-2 and C-3 methylene groups and hydrogen, and at M-43 through loss of 
the C-2 to C-4 methylene groups and hydrogen. These figures will be modified 
if any of the methylene groups in these positions carry a branched methyl 
group. A significant peak is also expected at m/e 74 due to McLafferty 
re-arrangement. This will have a higher m/e value if the ester is substituted at 
C-2.

GC-MS o f hydrogenated concentrate (B4.2.2)

A  GC-MS study of the concentrate (B4.2.2.) after hydrogenation was 
carried out using a 25 m silar 5CP capillary column linked to the mass 
spectrometer. The study provided spectra of sixteen components. The first
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seven were found to be mono- or di-methylalkanoates and the remainder 
proved to be hydrogenated furan esters. Of the seven spectra relating to the 
open-chain compounds, the largest peaks corresponded to methyl esters of 
7-methylhexadecanoic and 7,9-dimethylhexadecanoic acids. These were pre
ceded by methyl 4,8,12-trimethyltridecanoate, 5-methyl tetradecanoate,
5,7-dimethyltridecanoate and 5,7-dimethyltetradecanoate and followed by 
methyl 9-methyloctadecanoate, 7,9-dimethyloctadecanoate and 9,11- 
dimethyloctadecanoate.

Branched chain fatty acids

Mass spectrum 1

This shows a major molecular ion at m/e 256 and smaller signal at m/e 270. 
The spectrum relates mainly to methyl 5-methyltetradecanoate along with
5,7-dimethyltridecanoate. The structure of the major component is based on 
the molecular ion (m/e 256), the base peak at m/e 74 and significant ions of 
m/e 241 (M-15), 227 (M-29), 213 (M-43), 206 (M-50) and 180 (M-76).

Figure 2. Mass spectrum 1.

Fragment ions of m/e 101 and 129 (which loses 32 a.m.u. to give an ion at m/e 
97 indicate the presence of a methyl side chain at C-5.

Mass spectrum 2

This spectrum shows a molecular ion at m/e 270 and a minor signal at m/e 
256. The spectrum relates mainly to methyl 5,7-dimethyltetradecanoate. The 
structure is based on the molecular ion m/e (270), the base peak at m/e 74, and 
significant ions at m/e 255 (M-15) 227 (M-43), 220 (M-50) and 194 (M-76). 
Fragment ions at m/e 101, 129, 143 and 171 each of which loses 32 atomic mass 
units to give ions at m/e 69, 97, 111 and 139 respectively, indicate the presence 
of methyl side chains at C-5 and C-7. This is confirmed by the ketene ions at 
m/e 121 and 139.
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Figure 3. Mass spectrum 2.

Mass spectrum 3

This shows molecular ions at m/e 284 (major) and mIt 298 (minor). This 
spectrum is mainly 7-methylhexadecanoate based on the molecular ion (m/e 
284), base peak (m/e 74) the second largest peak (m/e 87) and fragment ions of 
m/e 129 and 157 each of which loses 32 a.m.u. to give ions of m/e 97 and 125 
respectively.

100 200 300
m/e

Methyl 7-methylhexadecanoate 

Figure 4. Mass spectrum 3.

Methyl 7 ,9 - dimethylhexadecanoafe 
Figure 5. Mass spectrum 4.
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Mass spectrum 4

This spectrum displayed a molecular ion at m/e 298. The fragment ions at 
m/e 129 and 157 each of which loses 32 atomic mass units to give ions at m/e 97 
and 125 respectively indicate a methyl side chain at C-7. Other fragment ions 
at m/e 171 and 199 which in turn loses 32 a.m.u. to give ions at m/e 139 and 
167 respectively, indicate a C-9 methyl side chain. The spectrum is that 
expected of a methyl 7,9-dimethylhexadecanoate.

Mass spectrum 5

The spectrum shows molecular ions of m/e 312 and 326 with the later being 
the major component. The minor component produces fragment ions which 
show it to be 9-methyloctadecanoate. The 9-methyl substituent is indicated by 
fragment ions at m/e 157, 158 and 159 and at m/e 185, 153 (185-32) and 135 
(153-18). The major component (M+ 326) with methyl side chains at C-7 and 
C-9 is confirmed by characteristic ketene ions at m/e 135 and 153 and is 
therefore a methyl 7,9-dimethyloctadecanoate.

X 2

m/e
Methyl 9-methyloctadecanoate and 7,9-dimethyloctadecanoate

Figure 6. Mass spectrum 5.

Mass spectrum 6

This spectrum shows a molecular ion of m/e 326 and relates to methyl 
9,11-dimethyloctadecanoate. The base peak occurred at m/e 74 and significant 
ions were observed at m/e 87, 101, 115, 129, 130 and 143. Characteristic 
fragments at m/e 157, 185, 199 and 227 each of which loses 32 a.m.u. to give 
ions of m/e 125, 153, 177 and 195 respectively, indicate the presence of methyl 
side chains at C-9 and C -ll.

The separation of these methyl-substituted isomers on the 5CP capillary 
column has not been complete. In most cases the spectrum indicates the 
presence of two components with molecular weights differing by 14 a.m.u. 
suggesting that esters with one methyl substituent are eluted coincidently with 
those with two methyl substituents. However, the detailed g.l.c. behaviour of
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x 2

Methyl 9,11 - dimethyloctadecanoate

Figure 7. Mass spectrum 6,

monomethyl and dimethyl substituted esters on silar 5CP column is not 
known.

GC-MS o f the concentrate (B4.2.2) before hydrogenation

As expected, it was not possible to identify the position of the double 
bond(s) in these esters because, the unsaturated centres are labile under 
electron bombardment (Hallgren, Rhyage & Stenhagen, 1959; Rohwedder, 
Mabronk & Selks, 1965; Grof, Rakoff & Holman, 1968). It is however 
possible to determine the degree of unsaturation from the molecular ion and 
to correlate this with the results obtained on the hydrogenated sample (Table 
2).

Table 2. GC-MS results of the concentrate (B4.2.2) before and after hydrogenation

Unhydrogenated sample

Total no. of carbon 
atoms in the acid

Hydrogenated sample

Molecular 
ion (M+)

No. of 
double 
bonds

Molecular 
ion (M+) Assignment

15 256 5-methyltetradecanoate — —

15 256 5,7-dimethyltridecanoate 254 1
16 270 5,7-dimethyltetradecanoate 254 1
17 284 7-methylhexadecanoate 268 1
18 298 7,9-dimethylhexadecanoate 266 2
19 312 9-methyloctadecanoate 282 1
20 326 7,9-dimethyloctadecanoate 280 2

326 9,11 -dimethyloctadecanoate 294 2
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Of these branched chain esters those based on 7-methyl hexadecanoate and 
7,9-dimethyl hexadecanoate are the major components. In a later study, the 
full characterization of the latter including the location of the double bonds 
was undertaken.

Branched chain fatty acids
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A pulsed low resolution NMR study of water binding to 
powdered milk

E. BROSIO,* G. Al TOBI I.I.I. SHI YUN YUt and A. DI NOI.A

Summary

Pulsed low resolution NMR was used to study the hydration mechanism of 
powdered milk samples. The non-exponentiality of the spin-echo decay curves 
of water was exploited to determine the water mobility, as well as the relative 
abundance of bound and free water in the different samples. The analysis of 
the experimental curves was performed by assuming a chemical exchange 
between bound and free water.

Introduction

Water in foodstuffs is generally referred to as free and bound water. The term 
bound water (BW) refers to those water molecules which are adsorbed on a 
solid matrix and which show physical properties different from those of free or 
bulk water (e.g. lower freezing point).

The technique of nuclear magnetic resonance (NMR) has been used both 
for the quantitative determination of total water in foods (Miller & Kaslow, 
1963; Conway, Conee & Smith, 1957; Hester & Quine, 1976; Brosio et al.,
1978), and for studying the amount and the properties of the bound water.

Wide line NMR studies have been based on two different techniques: the 
first is based on the different freezing point of free and bound water so that at 
0°C the signal due to free water disappears and the residual signal can be 
related to the amount of bound water (Toledo, Steinberg & Nelson, 1968). 
The second technique takes into account the different relaxation times of free 
and bound water: at high power of radiofrequency, hydrogen nuclei from free 
water give a negligible signal and the measured signal is due to bound water 
(Shanbhang, Steinberg & Nelson, 1970; Mousseri et a l, 1974).

Authors' addresses: Istituto di Chimica Fisica, Università di Roma, Piazzale Aldo Moro 5, 
00185 Roma, Italy, and tBiophysics department. Chine University of Science and Technology, 
HoFei, People’s Republic of China.
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The difference in the relaxation times between free and bound water has 
also been exploited in pulsed NMR studies for measuring the relative amount 
of the two types of water as well as for measuring their mobility. If the 
exchange rate between free and bound water is slow in respect to NMR times, 
the longitudinal and/or transverse magnetization decays do not show single 
phase behaviour. The analysis of the decay curves allows one to determine 
the amount of free and bound water (Leung et al. , 1976; Leung, Magnusson & 
Bruinsma, 1979). However if the exchange rate is fast the magnetization decay 
curves show a single exponential behaviour; in this case, the amount and the 
mobility of the different types of water can be derived from the dependence of 
the relaxation time values on the moisture content of the sample (Zimmerman 
& Brittin, 1957; Woessner & Zimmerman, 1963; Derbyshire & Duff, 1974; 
Ablett et al., 1978). The results so far obtained show that the pulsed NMR 
technique is very suitable for determining the amount and the mobility of free 
and bound water.

In many cases, however, the results obtained by the pulsed technique do not 
coincide with wide line NMR and/or with calorimetric determinations. 
Assuming an exchange process between bound and free water a method to 
evaluate the experimental data that allows the resolution of these discrepan
cies has been reported (Di Nola & Brosio, 1982).

In this paper a pulsed NMR study on the hydration mechanism of powdered 
milk samples has been reported.

Materials and methods

Basic method

The transverse magnetization decay curve of water can be exploited for 
studying water binding to a solid matrix. A non-exponentiality of the 
spin-echo decay curve can be accounted for the presence of two types of water 
components according to:

A(2f)=An [ah exp ( - fx ht)+a{ exp (- /x fi)], (1)

where the extrapolated values at the time r=0, ab, a{ coincide with the relative 
abundance of bound and free water Ph and Pf respectively and /xb, ¡jl{ are the 
relaxation rate 1/T2b and 1/7^ of the two types of water.

Even in the case of chemical exchange between bound and free water (if the 
exchange rate is lower or near the relaxation rate) the spin-echo curve can be 
fitted by the sum of two exponentials according to Equation (1). In this case 
however the measured values of ab, af, /j,b and ¡xf do not correspond to the 
values of Pb, Pf, l/T2b, and l/7 2f respectively. The apparent (a„ /q) and the 
real values (P-n 72i) are related according to:

P J T 2b +  P  f/T 2f —abfx.b+ a t/Xf. (2)
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The problem, whenever the spin-echo curve do not show a single phase 
behaviour, is to ascertain whether the apparent quantities can be identified 
with the real ones. In many cases it is possible to solve the question: in fact if 
an exchange process is present, the apparent relaxation rates may vary with 
the moisture content of the sample and their values may differ from those of 
bound and free water.

Whenever a variation of one, or both, relaxation rates is observed and an 
exchange process is hypothesized the real quantities Pt may be obtained, 
provided that some conditions are met. Starting from Equation (2); with 
Pb+Pf= l, we obtain:

In most cases the transverse relaxation time of free water 72r, even if 
reduced because of macromolecular interactions, is at least one order of 
magnitude greater than 72b, 1 i/xh and l//xf, so that it can be neglected in 
Equation (3), which becomes

Generally in water binding study progressive amounts of water are added to 
the dried material and for the first additions no free water component is 
detected.

The measured relaxation time of water in these samples can be then 
assumed as the relaxation time of bound water and the amount of bound water 
can be derived from Equation (4).

Experimental

The measurements were made by a pulsed low resolution NMR spectro
meter Minispec P20 of Bruker Spectrospin, operating at 20 MHz for protons. 
The instrument is equipped with an analogue computer B-AC5 of the same 
company that allows measurements of the spin-echo amplitudes obtained at 
time 21 by a 9077180° pulse sequence. The 90° and 180° pulses were 
empirically adjusted by varying their respective widths (about 9 /usee and 18 
/xsec on our instrument). The time delay t between the pulses was varied from 
0.1 to 40 msec. Each reported value is the average of thirty measurements. 
The time delay between two consecutive measurements was 3 sec to allow the 
nuclear magnetization to return to its equilibrium value.

The samples were prepared by weighing 1 g powdered milk and by adding 
and thoroughly mixing the desired amount of water (from 0.1 to 2 ml) directly 
in the NMR tubes (10 mm o.d.).

The powdered milk samples were supplied by Sammontana, Industria 
Gelati Sammontana (Italy).

The probe temperature was 25±0.5°C.

P b ~  ( Öb +  M'b +  Öf +  M'f l / ^ 2 f )  ( 1 / T 2 b + 1 / T 2f) (3)

Pb T2b(abp b~\~ a^fAf). (4)
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Results and discussion

Figure 1 shows, as an example, the spin-echo decay curve of water in a sample 
obtained by adding 0.6 ml water to 1 g of powdered milk. As can be seen the 
experimental curve (top line in Fig. 1) shows a marked non-exponentiality. 
This can be accounted for by the presence of three well recognizable 
components that will be denoted as s (solid), b (bound water) and f (free 
water) with different relaxation times T2s, T2b and 7’2f, respectively. The 
non-exponentiality of the spin-echo curve was resolved by subtracting from 
the experimental curve the slowly decaying Component f so that Curve b (Fig. 
1) was obtained. Curve b once again does not show a single phase behaviour 
and Curve s can be finally obtained by subtracting from Curve b the slowly 
decaying part of the curve.

The analysis of the experimental curves previously described enables one to 
obtain the relaxation time value as well as the relative abundance of the three 
components.

2 r ( msec )

tigure 1. Curve f ( • ) :  spin-echo decay curve of water in a sample obtained by adding 0.6 ml 
water to 1 g powdered milk. Curve b (O) was obtained by subtracting from the experimental 
curve the slowly decaying part of the curve. Curve s (A )  was obtained in the same manner from 
Curve b by subtracting the slowly decaying component.
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Table 1. Water additions and transverse relaxation times (msec) of the different 
components

Water H 2O

ml/g DM mmol/g DM 72s 72b Tit

0.10 5.5 0.034 0.646 _*
0.15 8.3 0.031 0.635 _*
0.25 13.9 0.036 0.576 2.80
0.30 16.6 0.034 0.675 3.24
0.40 22.2 0.033 0.676 4.43
0.50 27.7 0.033 0.635 6.11
0.60 33.3 0.035 0.644 8.19
0.70 38.8 0.038 0.630 9.23
0.80 44.4 0.036 0.603 11.10
0.90 50.0 0.043 0.592 11.40
1.20 66.6 — 1.230 16.94
1.35 75.0 — 1.690 22.97
1.80 100.0 — 1.870 30.30

* No free component has been observed.

In Table 1 the T2 values of the three components of the different samples 
obtained by adding increasing amounts of water to 1 g powdered milk are 
summarized. From Table 1 it can be seen that the T2s value is almost the same 
in all the examined samples. The average T2s value of 0.035 msec is typical of 
solids so that the s component of the spin-echo curve can be assigned to the 
magnetization decay of the solid components in powdered milk.

Regarding Component b Table 1 shows that the order of magnitude of T2b is 
about 1 msec—a characteristic value of relaxation time for bound water 
(Leung et al., 1976). Table 1 also shows that up to water additions of 0.9 ml to 
1 g of dry matter (DM), the T2b value does not vary considerably—the 
average T2b value is 0.630 msec. When the water additions are over 0.9 ml/g 
DM, the T2 b starts to increase indicating a weaker interaction between the 
solid matrix and bound water. The dependence of the Tlb value on the number 
of millimoles of water per gram of DM is reported in Fig. 2. The shape of the 
dependence of the T2b value on the amount of water (Fig. 2) seems to indicate 
a transition in the bound water mobility, so that the bound water molecules 
measured at water concentrations over 50 mmol FLO/g DM cannot be 
compared with those measured before this critical concentration.

Concerning Component f, Fig. 3 shows that the measured T1{ values 
increase with the water content of the samples showing the same break point 
at 50 mmol/g DM as T2b in the dependence of T2[ on the amount of water 
added. This indicates that also the free water molecules experience, although 
in a less sensitive way, a different interaction with the solid matrix and/or a 
change in the solid phase structure.



224 E. Brosio et al.

Figure 2. Dependence of bound water relaxation time T v, on water additions (mmol) to 1 g 
powdered milk.

In order to calculate the relative amounts of bound and free water the 
‘apparent’ concentration of the two types of water, ab and a( were first 
measured by extrapolating at time zero the slowly decaying part of Curves b 
and f of Fig. 1. Then the ‘real’ relative abundance of bound and free water, Pb 
and P(, were calculated according to Equation (4) assuming a chemical 
exchange between the two types of water at a rate lower, or comparable to the 
relaxation rates. Finally, by combining the Pb and Pf values with the total 
amount of water in the samples the amounts in grams of bound and free water 
were derived. The results obtained are summarized in Table 2.

From Table 2 it can be seen that, by adding water to powdered milk 
samples, the amount of bound water (characterized by the relaxation time 
value T2b=0.630 msec), increases up to the value of 0.20 g bound water/g dry 
matter (BW/DM). For water additions over 50 mmol H20/g  DM, the amount 
of bound water continues to increase but the measured values cannot be 
compared with those measured before the transition point because the bound 
water mobility varies considerably indicating that the bound water molecules 
are quite different.

At this point, we would like to emphasize that it has little or no sense to 
speak in general terms of ‘bound water’, while a complete definition of ‘bound
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Figure 3. D ependence  of free water relaxation time T 21 on water additions (mmol) to 1 g 
pow dered milk.

w a te r ’ sh o u ld  invo lve  a t ran sv e rse  re la x a t io n  t im e  va lue  w hich  is a t ru e  
m e a s u r e m e n t  o f  th e  ac tu a l  w a te r  m obili ty .

R e g a rd in g  th e  f ree  w a te r  c o m p o n e n t ,  T a b le  2 show s th a t ,  by a d d in g  w a te r  
to  p o w d e re d  m ilk  th e  a m o u n t  o f  f r ee  c o m p o n e n t  increases  co n s id e rab ly  fa s te r

Table 2. A pparent (ai) and  real (Pi) relative concentrations o f  bound and free water; grammes 
o f  bound  (BW) and  free water (FW) per gramme o f  D M  in the different samples

W ater H 20  
(mmol/g D M ) flb at Pb P f BW /D M F W /D M

13.9 29.5 70.5 44 .0 56.0 0.11 0 .1 4
16.6 19.3 80.7 36.1 63.9 0.11 0 .1 9
22.2 18.9 81.1 31.3 68.7 0.13 0 .27
27.7 26.5 73.5 34.1 65.9 0 .17 0.33
33.3 18.1 81.9 24.6 75 .4 0.15 0 .45
38.8 18.4 81.6 24.0 76 .0 0.17 0 .53
44.4 15.2 84.8 19.8 80.2 0 .16 0 .6 4
50.0 18.6 81.4 22.8 77.2 0.20 0 .7 0
66.6 13.3 86.7 19.6 80.4 0.23 0 .97
75 .0 10.4 89.6 17.0 83.0 0.23 1.12

100.0 12.4 87.6 17.0 83.0 0 .3 0 1.50
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th a n  th a t  o f  b o u n d  w a te r .  T h is  ind ica tes  th a t ,  a p a r t  f ro m  the  first a d d i t io n s ,  
a lm o s t  all th e  w a te r  a d d e d  to  the  sam p les  c o n tr ib u te s  to  increase  th e  a m o u n t  
o f  th e  f ree  c o m p o n e n t .  H o w e v e r  we w a n t  to  p o in t  o u t  th a t  th e  free  w a te r  
c o m p o n e n t  m e a s u r e d  in th e  e x a m in e d  p o w d e re d  milk sam p les  is q u ite  
d i f fe re n t  f ro m  b u lk  w a te r  th a t  can  be m e a s u r e d  in an  aq u e o u s  so lu t io n  o f  the  
sa m e  ionic s t re n g th .  In fac t,  d u e  to  th e  in te r -m o le c u la r  in te ra c t io n s  b e tw e e n  
w a te r  a n d  th e  solid  m a tr ix  as well as to  th e  chem ica l  ex ch an g e  b e tw e e n  th e  
tw o  ty p es  o t  w a te r ,  th e  m ob ili ty  o f  th e  free  w a te r  c o m p o n e n t  in the  e x a m in e d  
sam p le s  is c o n s id e ra b ly  r e d u c e d  so th a t  th e  re la x a t io n  t im e a n d  the  f reez in g  
p o in t  o f  th is  c o m p o n e n t  is co n s id e ra b ly  lo w er  th a n  th a t  o f  b u lk  w a te r .

In c o n c lu s io n ,  n o t  on ly  th e  b o u n d  w a te r  (w h o se  a b u n d a n c e  is re la t ive ly  
sm all) ,  by  m a in ly  th is  T ree  w a te r ’ c o m p o n e n t  has  to  be  ta k e n  in to  a c c o u n t  in 
d esc r ib in g  th e  h y d ra t io n  m e c a h a n ism s  o f  p o w d e re d  m ilk.
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Sensory assessment of the shelf life of carbonated soft drinks

R. L. M c B R I D E  a n d  K. C . R I C H A R D S O N

Summary

Six c o m m e rc ia l  soft  d r in k s ,  in glass b o t t le s  a n d  a lu m in iu m  cans ,  w e re  s to re d  at 
0 .6°C  a n d  a m b ie n t  t e m p e r a tu r e  a n d  assessed  by  a c o n su m e r - ty p e  sen so ry  
p an e l  e v e ry  3 m o n th s  fo r  2 yea rs .  W h ile  t h e re  was ev id en ce  o f  d e te r io ra t io n  
w ith  s to ra g e ,  m o re  so  a t  a m b ie n t  t e m p e r a tu r e  th a n  at 0 .6°C , all d r in k s  w e re  
still c o n s id e re d  sa t is fac to ry  at th e  conc lu s io n  o f  th e  trial.

Introduction

In 1978, th e  S ta te  o f  N e w  S o u th  W a le s  in t ro d u c e d  m a n d a to r y  d a te  cod in g  fo r  
th o se  fo o d  a n d  b e v e ra g e  p ro d u c ts  w ith  an  e x p e c te d  shelf  life o f  less th a n  2  

years .  A l th o u g h  soft  d r in k s  w e re  e x e m p t  f ro m  d a te  co d in g  re q u ir e m e n ts ,  
th e re  is still so m e  u n c e r ta in ty  a b o u t  th e i r  she lf  life. R ic h a rd s o n  (1976) h a d  
su g g es ted  th a t  th e  sh e lf  life o f  soft  d r in k s  m ay ,  in  so m e  in s tan ces ,  be  less th a n  
2 yea rs ;  T i l ley  (1978) c o n s id e re d  soft  d r in k s  to  h av e  a she lf  life o f  u p  to  12 
m o n th s ;  a n d  K ie n in g e r ,  K ö b e r le in  &  B o e c k  (1979) fo u n d  d e te r io ra t io n  in th e  
f la v o u r  o f  c o m m e rc ia l  co la  d r in k s  s to re d  fo r  4 w e ek s  a t  40°C. T h e  p ac k a g in g  
o f  so ft  d r in k s  in tw o -p iec e  a lu m in iu m  cans ,  in s tead  o f  t in p la te ,  has  fu r th e r  
c o m p l ic a te d  th e  issue , s ince sh e lf  life can  b e  l im ited  by  c o n ta in e r  b r e a k d o w n  
as well as p ro d u c t  d e g r a d a t io n  (A ld e rs o n ,  1970).

T h o s e  p re v io u s  s tu d ie s  w h ich  h a v e  in c lu d ed  inv es t ig a t io n  o f  t h e  she lf  life o f  
soft  d r in k s  h a v e  t e n d e d  to  focus o n  n e w  p ro d u c t  fo rm u la t io n  (e .g .  L im e  & 
C ru s e ,  1972; S a e e d  &  A h m e d ,  1977), o r  m icrob io log ica l  aspec ts  (P an e z a i ,  
1978; J ä h r ig  & S c h a d e ,  1979). T h e  p re s e n t  s tu d y  is specifically  c o n c e rn e d  w ith  
sen so ry  qua li ty .
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Materials and methods

M a te r ia ls

Six c a r b o n a te d  soft  d r in k s ,  typical o f  co m m erc ia l  p ro d u c t io n  in A u s t ra l ia ,  
w e re  in c lu d ed  in th e  s tudy: co la ,  low ca lo r ie  co la ,  le m o n ,  low ca lo r ie  le m o n ,  
l e m o n a d e ,  a n d  o ra n g e .  A ll d r in k s  c o n ta in e d  a d d e d  f lavour ,  a n d  th e  le m o n  
d r in k s  c o n ta in e d  5 %  le m o n  juice. B o th  low  ca lo r ie  d r in k s  w e re  s w e e te n e d  
w ith  a m ix tu re  o f  s o d iu m  sac ch a r in  a n d  ca lc ium  cyc lam ate ;  th e  o th e r s  w e re  
s w e e te n e d  w ith  c a n e  su g a r  a n d  v a r ie d  f ro m  10.5 to  12° Brix. T h e  d e g re e  of  
c a rb o n a t io n  (in v o lu m e s )  was: co la ,  3 . 5 - 4 . 0 ;  low  ca lo r ie  co la ,  3 . 5 - 4 . 0 ;  
le m o n ,  2 .6 ;  low  ca lo r ie  le m o n ,  2 .6 ; l e m o n a d e ,  3 .7; an d  o ra n g e ,  2.7.

T h r e e  soft  d r in k  m a n u fa c tu re r s  each  su p p l ied  tw o p ro d u c ts .  A ll  p ro d u c ts  
w e re  p ro c e s s e d  locally  a n d  d e l iv e red  im m e d ia te ly  to  the  F o o d  R e s e a rc h  
L a b o r a to r y  in b ro w n  c a r d b o a r d  c a r to n s .  S am p les  o f  each  p ro d u c t  c a m e  f ro m  
th e  s a m e  p r o d u c t io n  b a tc h .  H a lf  th e  b u lk  q u a n t i ty  o f  each  d r in k  was p a c k a g e d  
in 375-m l ‘r in g -p u l l ’ a lu m in iu m  cans ,  th e  o th e r  h a lf  in 1 l itre  sc rew -cap  glass 
bo t t le s .

M e th o d s

S o m e  o f  th e  b o t t le s  a n d  cans  o f  each  p ro d u c t  w e re  p laced  in a co v e re d  
s to ra g e  b a y  at a m b ie n t  t e m p e r a tu r e ,  to  s im u la te  n o n - in su la ted  w a re h o u s e  
c o n d i t io n s .  O n e  side o f  th e  s to rag e  bay  w as o p e n  to  th e  a ir ,  b u t  p ro d u c ts  w e re  
p ro te c te d  f ro m  d ire c t  sun ligh t.  T h e  re m a in in g  sam ples  w e re  s to re d  in a 
c o n s ta n t  t e m p e r a t u r e  ro o m  a t  0 .6°C . T h u s  th e re  w ere  effec tively  tw e n ty - fo u r  
t r e a tm e n ts :  six d r i n k s x t w o  c o n ta in e r  types  x t w o  s to rag e  t e m p e r a tu re s .

E a c h  t r e a tm e n t  w as  assessed  by  a sen so ry  p an e l  eve ry  3 m o n th s  o v e r  a 2 
y e a r  p e r io d  (n in e  a s se ssm e n ts  in  all). T h e r e  w e re  tw elve  sessions a t  e a c h  
3 -m o n th ly  a s se ssm e n t  ( tw o  sessions a d ay  o n  6  d ays o v e r  a 2 w e e k  p e r io d ) ,  a n d  
tw o  d r in k s  w e re  e v a lu a te d  at e a ch  session . T h e  o rd e r  o f  e v a lu a t io n  o f  d r in k s  
o v e r  th e  tw elve  sess ions  was r a n d o m ,  ex c ep t  th a t  no  tw o  d r in k s  of  th e  sam e  
ty p e  (e .g .  co la  a n d  low  ca lo r ie  co la )  w e re  p re s e n te d  a t  th e  sam e  session. 
T w e n ty - fo u r  h o u rs  b e f o re  e a ch  sess ion ,  th e  a p p ro p r ia te  d r inks  w e re  r e m o v e d  
f ro m  th e i r  re sp ec t iv e  s to ra g e  co n d i t io n s  a n d  k e p t  a t 5°C.

T h e  sen so ry  p a n e l  c o m p r is e d  m e n  an d  w o m e n  e m p lo y ee s  o f  th e  C S I R O  
F o o d  R e s e a rc h  L a b o r a to ry  (age  ra n g e  2 2 - 5 8  y ea rs ) .  C o m p o s i t io n  o f  th e  
p a n e l  v a r ie d  b e tw e e n  asse ssm e n ts ,  b u t  m o s t  assessors  h a d  so m e  p re v io u s  
e x p e r ie n c e  in th e  sen so ry  e v a lu a t io n  o f  fo o d .  T h e  n u m b e r  o f  assessors  a t e ach  
sess ion  ra n g e d  f ro m  fo r ty -o n e  to  sev e n ty - tw o ,  w ith  a m e d ia n  o f  f if ty -one . A t  
e v e ry  sess ion ,  assessors  w e re  e a ch  p re s e n te d  w ith  a ch illed  (a p p ro x im a te ly  
8 °C) fOO m l s a m p le  o f  soft  d r in k  in a c lea r  glass tu m b le r .  T h e y  w e re  re q u ir e d  
to  d r in k  th e  s a m p le  a n d  to  r a te  th e i r  o vera l l  im p ress io n  o n  a 7 -p o in t  h e d o n ic  
scale: E x t r e m e ly  g o o d  (7) ,  V e ry  g o o d  (6 ), G o o d  (5) , S a tis fac to ry  (4) , P o o r
(3 ) ,  V e ry  p o o r  (2 ) ,  a n d  E x t re m e ly  p o o r  (1). O n ly  th e  v erba l  d e sc r ip to rs  w e re  
a t t a c h e d  to  th e  re s p o n se  scale .
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O n  c o m p le t io n  o f  th is  ta sk  th e  assesso r  r e tu r n e d  th e  re s p o n se  sca le  a n d  
tu m b le r ,  a n d  w as  th e n  p re s e n te d  w ith  a n o th e r  d r in k  to  e v a lu a te  (e x cep t  a t  th e  
first a s s e s s m e n t  w h e re  a b s e n c e  o f  th e  s to rag e  v a r ia b le  m e a n t  th e re  w e re  only  
tw elve  t r e a tm e n ts ) .  T h is  ‘single p re s e n ta t i o n ’ design  m o re  closely  s im u la te s  
n o rm a l  c o n s u m e r  a sse ssm e n t  th a n  c o m p a ra t iv e  ev a lu a t io n  (M c B r id e  & 
R ic h a rd s o n ,  1979; M c B r id e ,  1980), a n d  has  b e e n  sh o w n  to  be  less p r o n e  to  
m e th o d o lo g ic a l  b ia s  (M c B r id e ,  1982). A ssesso rs  w e re  n o t  in fo rm e d  o f  th e  
p u rp o s e  o f  th e  te s t ,  n o r  w e re  th e y  g iven  an y  in fo rm a t io n  on  th e  h is to ry  o f  any  
sam p le .  T h e  s en so ry  la b o ra to ry  in w hich  th e  tes t ing  w as c o n d u c te d  has  b e e n  
d e s c r ib e d  e l s e w h e re  (C h r is t ie ,  1966).

Results

T h e  10300 re s p o n se s  w e re  su b je c te d  to  an  analysis  o f  v a r ia n ce  u s ing  th e  
G E N S T A T  s ta tis tica l p a c k a g e  on  C y b e r  76 c o m p u te r .  T h e  re su lts  a re  
s u m m a r iz e d  in Fig. 1.

T h e r e  w e re  s ign if ican t  d if fe ren c es  b e tw e e n  th e  h e d o n ic  scores  fo r  th e  six 
ty p es  o f  d r in k  ( F = 6 0 .2 5 ,  d .f .  =  1/10213, P c O .0 0 1 ) .  O v e ra l l  m e a n  scores  w ere :  
co la ,  4 .63 ; lo w  ca lo r ie  co la ,  4 .46 ; le m o n ,  4 .80; low  ca lo r ie  le m o n ,  4 .23; 
l e m o n a d e ,  4 .43 ;  a n d  o ra n g e ,  4 .30. T h e  low  ca lo r ie  d r in k s  w e re  r a te d  lo w er  
th a n  th e i r  s u g a r - s w e e te n e d  c o u n te rp a r t s .

T h e r e  w as  a s ign if ican t  d ro p  in scores  o v e r  th e  e igh t  s to rag e  tim es  
( F = 1 3 .6 3 ,  d .f .  =  7/10213, P c O .0 0 1 ) .  T h e  overa l l  m e a n  score  a t 0 m o n th s  was 
4 .80 ; a t  24 m o n th s ,  4 .34.

T h e  e f fec t  o f  s to ra g e  t e m p e r a tu r e  w as sign if ican t ( F = 8 5 .5 1 ,  d .f .  =  1/10213, 
P < 0 .0 0 1 ) .  T h e  m e a n  sco re  fo r  d r in k s  s to re d  at 0 .6°C  was 4.56, c o m p a r e d  w ith  
th e  lo w er  va lu e  o f  4 .34  fo r  th o se  s to re d  a t  a m b ie n t  te m p e r a tu re .

O v e ra l l ,  th e  m e a n  sco re  fo r  d r in k s  s to re d  in b o t t le s  (4 .50) was m arg in a lly  
h ig h e r  th a n  fo r  th o se  in cans (4 .45 ) ,  ( F = 6 .0 3 ,  d .f .  =  1/10213, P < 0 .0 5 ) .  
H o w e v e r ,  th is  c o n ta in e r - ty p e  m a in  ef fec t  w as fo u n d  to  b e  d u e  on ly  to  th e  
lo w e r  sco res  fo r  low  ca lo r ie  le m o n  in cans; fo r  th e  o th e r  d r in k s  th e  scores  for  
b o t t le s  a n d  ca n s  w e re  a lm o s t  iden tica l.

In te r a c tio n s

T h e r e  w as  a s ign if ican t  d r in k  type  x  c o n ta in e r  ty p e  in te ra c t io n  ( F =  12.88, 
d .f .  = 5 /1 0 2 1 3 ,  P c O . 0 0 1 ) b u t ,  as fo r  th e  c o n ta in e r  m ain  e f fec t,  th is  w as d u e  
en t i re ly  to  th e  lo w er  sco res  fo r  low  ca lo r ie  le m o n  in cans.

T h e  s to ra g e  t im e  x  s to ra g e  t e m p e r a tu r e  in te ra c t io n  was also s ign ifican t 
( / r —4  6 5 , d . f . = 7 /1 0 2 1 3 ,  P c O .0 0 1 ) ,  in d ica t ing  th a t  th e  sco res  fo r  sam p le s  
s to re d  at a m b ie n t  t e m p e r a tu r e  d r o p p e d  m o re  th a n  th o se  fo r  sam p les  s to re d  at 
0 .6°C . T h is  is e v id e n t  in Fig. 1.

A  sign if ican t  s to ra g e  t e m p e r a tu r e  x  d r in k  ty p e  in te ra c t io n  ( F = 4 .5 4 ,
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Figure 1. Mean hedonic scores for six types of carbonated  soft drink (in glass bottles and 
aluminium cans) stored  at e ither 0.6°C ( □ )  or ambient tem perature  (O) and assessed every 3 
months for 2 years. The  scores 3, 4, and 5 on the hedonic scale denote ‘Poor’, 'Satisfactory' and 
‘G o o d ’ respectively.

d .f .  = 5 /1 0 2 1 3 ,  ,P < 0 .0 0 1 ) ,  im plies  th a t  s to rag e  t e m p e r a tu re  a f fec ted  the  six 
d r in k  ty p es  d iffe ren t ia l ly .  In sp e c t io n  sh o w ed  least d if fe rence  b e tw e e n  the  
sco res  fo r  low  ca lo r ie  co la  s to re d  at 0 .6°C  a n d  a m b ie n t  t e m p e r a tu r e  (4 .46  an d  
4 .37 re sp ec t iv e ly ) ,  a n d  th e  la rges t  d isc re p an cy  fo r  o ra n g e  (4.49 at 0 .6°C , 4 .07 
at  a m b ie n t ) .

A  sm all b u t  s ign if ican t s to ra g e  t im e  x  c o n ta in e r  type  in te ra c t io n  ( F = 2 .4 7 ,  
d .f .  =  7/10213, f ’< 0 .0 5 )  re v e a le d  a slight c ro ss-o v er  effec t: scores  fo r  d r in k s  in 
b o t t le s  w e re  m arg in a lly  h ig h e r  a t th e  first six a sse ssm en ts ,  bu t  th e  t r e n d  
re v e rs e d  a t  th e  last th r e e  a sse ssm en ts .

T h e r e  w as n o  s to ra g e  t im e  x  d r in k  type  in te ra c t io n ,  sugges t ing  all d r in k s  
d e t e r io r a t e d  to  th e  s a m e  e x te n t  d u r in g  s to ra g e ,  n o r  was th e re  any  s to rag e  
t e m p e r a tu r e  x  c o n ta in e r  type  in te ra c t io n .
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Discussion

It is im p o r t a n t  in th is  e x p e r im e n t  to  d is t ingu ish  b e tw e e n  s ta tis tic a l  an d  
p r a c t ic a l  s ign if icance . A l th o u g h  m o s t  o f  th e  m a in  effec ts  a n d  f i rs t -o rd e r  
in te ra c t io n s  a re  h igh ly  s ign if ican t s ta tis tica lly ,  it d o es  n o t  necessar i ly  fo llow  
th a t  th e y  a re  h igh ly  s ign if ican t  in p rac t ice .  F o r  e x a m p le ,  Fig. 1 show s th a t ,  
i r re sp ec t iv e  o f  t r e a t m e n t  c o n d i t io n ,  a lm o s t  all scores  lie b e tw e e n  4 (S a tis fac
to ry )  a n d  5 ( G o o d )  o n  th e  h e d o n ic  scale: d e sp i te  th e  d e te r io ra t io n  w ith  
s to ra g e  t im e ,  h igh ly  s ign if ican t  s ta tis tica lly ,  on ly  five o f  th e  102 scores  in Fig. 1 
lie b e lo w  ‘S a t is fa c to ry ’ on  th e  h e d o n ic  scale . F ig u re  1 also show s th a t  th e  
h igh ly  s ign if ican t  s to ra g e  t e m p e r a tu r e  effec t b e c o m e s  n o t ic e a b le  on ly  a f te r  12  

m o n th s ’ s to ra g e :  in th e  first 1 2  m o n th s  th e  p a t t e r n  is n o t  cons is ten t .
T h e  d es ign  o f  th is  s tu d y  w as such  th a t  assessors  w e re  n o t  ab le  to  m a k e  d irec t  

c o m p a r i so n s  b e tw e e n  sam p les .  M c B r id e  & R ic h a rd so n  (1979) a n d  M cB rid e
(1980) a rg u e  th a t ,  in th e  s en so ry  la b o ra to ry ,  this p ro v id es  a m o re  valid  
e s t im a te  o f  p ra c t ica l  sh e lf  life, s ince th e  on ly  c o m p a r iso n  possib le  is th a t  w hich  
is a lso  av a ilab le  to  th e  c o n s u m e r ,  i.e . a c o m p a r iso n  aga ins t  a r e m e m b e r e d  
level o f  q u a l i ty .  T h e  use  o f  la rge  p an e ls  o f  assessors ,  as in th e  p re s e n t  
e x p e r im e n t ,  a lso  h e lp s  to  s im u la te  c o n s u m e r  assessm en t.

T h e  e x p e r im e n ta l  d es ign  u sed  h e r e ,  w ith  a sse ssm en ts  a t p e r io d ic  in te rva ls  
a n d  w ith  n o  r e fe re n c e  s ta n d a rd s ,  can  always b e  crit ic ized o n  th e  g ro u n d s  th a t  
it is su sce p tib le  to  ‘p a n e l  d r i f t ’ ; th a t  th e  d ro p  in scores  m ay  re f lec t  assesso r  
sa t ie ty  r a th e r  th a n  a g e n u in e  d e te r io r a t io n  in th e  p ro d u c t .  O n  th is  p o in t  it is 
p e r t in e n t  to  n o te  th a t  p a r t ic ip a t io n  in th e  senso ry  p an e l  was en t i re ly  
v o lu n ta ry ;  th a t  c o -o p e ra t io n  a n d  m o t iv a t io n  w e re  go o d  th ro u g h o u t ;  a n d  th a t  
a s se ssm e n ts  w e re  c o n d u c te d  on ly  ev e ry  3 m o n th s .  B es id es ,  th e re  can  be 
c o n s id e r a b le  m e th o d o lo g ic a l  p r o b le m s  w h e n  r e f e r e n c e  s t a n d a r d s  a re  
e m p lo y e d  (see  W o lfe ,  1979).

In co n c lu s io n ,  th is  e x p e r im e n t  suggests  th a t ,  p ro v id e d  th ey  a re  p ro te c te d  
f ro m  ligh t,  c a r b o n a te d  soft  d r in k s  p a c k e d  in glass o r  a lu m in iu m  c o n ta in e rs  
h av e  a p ra c t ica l  sh e lf  life o f  a t  leas t  2 yea rs .  E v e n  th o se  d r in k s  s to re d  at 
a m b ie n t  t e m p e r a t u r e ,  a n d  w hich  e x p e r ie n c e d  seasona l  f lu c tu a tio n s  o f  m o re  
th a n  30°C, w e re  still c o n s id e re d  sa t is fac to ry  at th e  e n d  o f  tes ting .
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Determination of molecular and free sulphur dioxide in foods 
by headspace gas chromatography

E . G .  D A V I S ,  D .  B A R N E T T  a n d  P. M . M O Y

Summary

A  s tu d y  w as  m a d e  o f  th e  eq u i l ib r ia  b e tw e e n  S 0 2 in p a c k a g e d  l iqu id  fo o d s  a n d  
g ase o u s  S 0 2 in th e i r  h e a d s p a c e  a tm o s p h e re s  as a basis fo r  a n ew  ana ly tica l 
m e th o d  fo r  th e  d e te r m in a t io n  o f  m o le c u la r  a n d  free  S 0 2. U s in g  a gas- 
c h r o m a to g ra p h ic  m e th o d  d e v e lo p e d  p rev io u s ly  to  d e te r m in e  S 0 2 a t  th e  
1 x  1 0 - 3  m g /1 level in a tm o s p h e re s  s a tu ra te d  w ith  w a te r  v a p o u r ,  s tu d ies  w ith  
a q u e o u s  so lu t io n s  sh o w e d  th a t  h e a d s p a c e  S 0 2 w as d irec t ly  p ro p o r t io n a l  to  
m o le c u la r  S 0 2 in a c c o rd a n c e  w ith  H e n r y ’s law.

U s in g  th e  H e n r y ’s law  c o n s ta n t  fo r  th e  S 0 2/ H 20  sys tem , d e te r m in a t io n s  o f  
m o le c u la r  S 0 2 w e re  m a d e  on  a w h i te  an d  a re d  w ine  an d  a fru it  ju ice ,  each  
a d ju s te d  to  five levels  o f  p H  to  ach ieve  d i f fe ren t  c o n c e n tra t io n s  o f  m o le c u la r  
S 0 2. T h e  re su lts  o b s e rv e d  by th e  h e a d s p a c e  m e th o d  sh o w ed  g o o d  a g r e e m e n t  
w ith  th o s e  d e t e r m in e d  by  a r e fe re n c e  ana ly tica l  m e th o d  w ith  w h ite  w ine  a n d  
fru it  ju ice ,  b u t  w ith  re d  w ine  th e  r e fe re n c e  m e th o d  gave values  w hich  w e re  
m o re  th a n  4 5 %  h ig h e r .  F re e  S 0 2 w as d e te r m in e d  in a r a n g e  o f  w h ite  w ines  by 
th e  h e a d s p a c e  a n d  r e fe re n c e  m e th o d s ,  a n d  th e  re su lts  sh o w ed  h igh  c o r r e la 
tions .

T h e  h e a d s p a c e  m e th o d  is r a p id ,  p rec ise  a n d  n o n -d e s tru c t iv e .  A  m a jo r  
a d v a n ta g e  is t h a t ,  d u r in g  th e  ana lysis ,  it d o es  n o t  ch a n g e  th e  co m p l ic a te d  
e q u i l ib r ia  b e tw e e n  S 0 2 a n d  its io n ised  spec ies ,  h e n c e  co m p lex e s  o f  S O z a n d  
fo o d  c o n s t i tu e n ts  a re  n o t  d is tu rb e d .

Introduction

S u lp h u r  d io x id e  ( S 0 2) is u sed  as a p re se rv a t iv e  in a w ide  ra n g e  o f  foods  
( R o b e r t s  &  M c W e e n y ,  1972; G r e e n ,  1976). P a r t  o f  th e  a d d e d  S 0 2 c o m b in es  
w ith  fo o d  c o n s t i tu e n ts  a n d  p a r t  re m a in s  as f ree  S 0 2. F o r  legislative p u rp o s e s
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th e  a m o u n ts  o f  to ta l  S 0 2 a re  r e q u ir e d ,  b u t  in fo o d  science it is im p o r ta n t  to  
d is t in g u ish  b e tw e e n  the  a m o u n ts  p re s e n t  in the  free  an d  co m b in e d  fo rm s.

F re e  S 0 2 c o m p rise s  th e  v a r io u s  spec ies  d e sc r ib ed  in the  fo llow ing  eq u i l ib r ia  
w h ich  exist in a q u e o u s  so lu t io n s  o f  S 0 2:

SC 2 (gas) + H20  —  S 0 2 ■ H20  (solution) ( 1)

PK,
S 0 2 • H20  H + + HSO 3 ( 2 )

p K 2
HSO 3 ^  H++ S O =3 . (3)

In fo o d s ,  h o w e v e r ,  th e  a b o v e  species  can  re ac t  w ith  a ran g e  o f  fo o d  
c o n s t i tu e n ts  to  fo rm  co m p le x e s ,  a d d u c ts ,  salts ,  an d  o th e r  re ac t io n  p ro d u c ts .  
S o m e  o f  th e s e  a re  e q u i l ib r iu m  re ac t io n s  a n d  m ay  b e  re v e rse d  by v a ry ing  th e  
p H ,  t e m p e r a t u r e ,  o r  a c o m b in a t io n  o f  b o th ;  th e  S 0 2 r e le a sed  is th e n  
d e te r m in e d  as c o m b in e d  S 0 2. In o th e r  cases ,  som e re ac t io n s  a re  irrev e rs ib le  
a n d  th e  S 0 2 in v o lv ed  c a n n o t  b e  d e te r m in e d  by th e  analy tica l p ro c e d u re s  
c o m m o n ly  u sed .

A n  im p o r ta n t  fu n c t io n  o f  S 0 2 in fo o d s  is to  inh ib it  the  g ro w th  o f  spo ilage  
o rg a n ism s .  In g ra m  (1948) w as o n e  o f  th e  first to  show  th a t  m icrob ia l  inh ib it ion  
is re la te d  to  f ree  r a th e r  th a n  to  c o m b in e d  S 0 2. M o re  recen t ly ,  M acris  & 
M a rk a k is  (1974) a n d  C a r r ,  D a v ie s  & S p a rk e s  (1976) sh o w ed  th a t  m o le c u la r  
S 0 2, d e f in e d  as S 0 2-H 20 ( E q u a t i o n  (1 )) ,  is th e  ac tive species.

M o le c u la r  S 0 2 c a n n o t ,  a t p re s e n t ,  be  d e te r m in e d  d irec tly  in fo o d s ,  an d  it is 
n ec es sa ry  to  re ly  o n  va lues  c a lc u la ted  from  m e a s u re d  p H  an d  free  S 0 2, u s ing  
p u b l ish e d  p K  v a lu es  fo r  su lp h u ro u s  acid. In aq u e o u s  so lu t io n ,  m o le c u la r  S 0 2 

a c c o u n ts  fo r  o n ly  0 .0 6 %  o f  th e  free  S 0 2 a t p H  5 .0  a n d  6 .0 6 %  at pH  3 .0 ; the  
m a jo r  a m o u n t  ( > 9 3 % )  b e in g  p re s e n t  as H S 0 3 . T h e se  ca lcu la t ions  em p h a s iz e  
th a t  p H  m a rk e d ly  in f lu en c es  th e  a m o u n t  o f  m o le c u la r  S 0 2 p re se n t ,  a n d  th a t  
th e  c o n c e n t r a t io n  o f  this spec ies  is sm all re la t ive  to  the  overa ll  a m o u n t  o f  free  
S 0 2 a t p H  levels  w hich  exist in foods .

T e r ra g l io  & M an g a n e l l i  (1967) hav e  sho w n  th a t ,  o v e r  the  gas c o n c e n t ra t io n  
ra n g e  0.81 x  1CT 3 to  8 .7 3 x  10“ 3 mg/1, th e  so lub ili ty  o f  S 0 2 in w a te r  fo llows the  
law o f  p a r t ia l  p re s su re  ( H e n r y ’s law) w h e n  re la te d  to  th e  c o n c e n tra t io n  o f  
m o le c u la r  S 0 2 b u t  n o t  w h e n  b a s e d  o n  the  to ta l  a m o u n t  o f  S 0 2 d isso lved . T h is  
f ind ing  has  p o te n t ia l  a p p l ica t io n s  in food  science since it in tro d u c e s  th e  
poss ib il i ty  o f  d e te r m in in g  th e  c o n c e n t ra t io n  o f  m o le c u la r  S 0 2 in food  fro m  
m e a s u r e m e n t  o f  th e  c o n c e n t ra t io n  o f  g aseo u s  S O ,  in an a tm o s p h e re  in 
e q u i l ib r iu m  w ith  th e  food .

T h e  p re s e n t  w o rk  show s th a t  a new  p ro c e d u re  d e v e lo p e d  in this l a b o ra to ry  
fo r  d e te r m in in g  h e a d s p a c e  S 0 2 (B a r n e t t  & D av is ,  1983) m ay  be u sed  to 
m e a s u r e  b o th  m o le c u la r  an d  free  S O : in l iquid  foods .
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M a te r ia ls  and  m e th o d s

All m e a s u r e m e n ts  w e re  ca r r ie d  o u t  a t 25°C. H e a d s p a c e  ana lyses  w e re  m a d e  
by th e  g a s - c h ro m a to g ra p h ic  p r o c e d u re  d e sc r ib e d  by B a rn e t t  & D avis  (1983). 
T h e  in s t ru m e n t  w as c a l ib r a te d  daily  using a mix o f  S 0 2 in n i t ro g en  at 92%  
re la t iv e  h u m id i ty  ( r .h . )  f rom  a p e r m e a t io n  tu b e  assem bly .

M e a s u r e m e n ts  o f  p H  w e re  m a d e  with a T y p e  M 28 R a d io m e te r  p H  m e te r .  
T h e  R a n k in e  m e th o d  ( R a n k in e  & P o c o c k ,  1970) as m o d if ied  by F u j i ta  e t al.
(1979) w as  u sed  as th e  re fe re n c e  m e th o d  for  the  e s t im a t io n  o f  free  S 0 2.

H e n r y 's  c o n s ta n t  (H )  d e te r m in a tio n

A  Q u ic k f i t  tes t  tu b e  (50 ml) co n ta in in g  d e io n ized  distilled w a te r  (30 ml) 
a n d  f i t ted  w ith  a D re sch e l  h e a d  w as c o n n e c te d  to  the  e f f lu en t  line f ro m  a 
p e r m e a t io n  tu b e  assem b ly .  A  c o n tro l le d  c o n c e n tra t io n  o f  S 0 2 in n i t ro g e n  at 
9 2 %  r .h .  w as th e n  b u b b le d  in to  th e  w a te r  an d  th e  c o n c e n tra t io n s  o f  S 0 2 in the  
gas s t r e a m  w e re  m o n i to r e d  f ro m  p o r ts  in th e  line b e fo re  an d  a f te r  th e  so rp t io n  
tu b e .  T o  e n s u r e  e q u i l ib r iu m ,  th e  gas flow was c o n t in u e d  fo r  24 h r  a f te r  th e  tw o 
c o n c e n t r a t io n s  o f  S 0 2 in th e  s t re a m  w e re  fo u n d  to  be the  sam e. D e te r m i n a 
tions  o f  f ree  S 0 2 w e re  th en  m a d e  in d u p l ica te  on  a l iq u o ts  (10 ml) o f  the  
so lu t io n ,  a n d  th e  c o n c e n t ra t io n s  o f  m o le c u la r  S 0 2 w e re  ca lc u la ted  by the 
p ro c e d u re  d e s c r ib e d  by T e r ra g l io  & M an g an e l l i  (1967). S e v e n te e n  d e t e r m in a 
t ions  w e re  m a d e  a t  gas c o n c e n t ra t io n s  ra ng ing  b e tw e e n  8 x l 0 ~ 3 a n d  
l()()x 10  ' m g /1, a n d  th e  d a ta  w e re  an a ly sed  by linear  reg ress io n  to  e s t im a te  
the  va lu e  o f  H.

A d ju s te d  p H  tr ia ls

B ulk  q u a n t i t ie s  (2 l itres) o f  o ra n g e  juice an d  a w hite  (m o se l le )  an d  a red  
(c la re t)  w ine  w e re  e a ch  d iv id ed  in to  5 x 4 0 0  ml lots an d  filled in to  p o u c h e s  
m a d e  f ro m  a la m in a te  o f  P V D C /n y lo n /p o ly e th y le n e  to  w hich  silicone ru b b e r  
s am p lin g  s e p ta  h a d  b e e n  f i t ted .  T h e  sam p les  o f  each  p ro d u c t  w e re  a d ju s te d  to  
five p H  levels  (T a b le  1) by th e  ad d i t io n  o f  N a O H  (2 5 %  w/v) o r  H 3P 0 4 (2 5 %  
v/v). T h e  p o u c h e s  w e re  th en  sea led  a n d  a h e a d sp a c e  o f  n i t ro g en  (100 ml) 
in je c te d  th ro u g h  th e  sam p lin g  p o r ts .  A f te r  an  e q u i l ib ra t io n  p e r io d  o f  30 m in , 
th e  sam p le s  w e re  a n a ly se d  fo r  free  a n d  h e a d sp a c e  S 0 2, a n d  m o le c u la r  S 0 2 

w as ca lc u la te d  f ro m  th ese  d a ta .

F ree S 0 2 in w in e

Five b a tc h e s  o f  w h ite  w ine  p a c k a g e d  in w inecasks  (4.5 litres) w e re  o b ta in e d  
f ro m  tw o  w in e r ie s ;  m o se l le ,  r ies ling  an d  s a u te rn e  f ro m  W in e ry  A  an d  m ose lle  
a n d  r ies ling  f ro m  W in e ry  B. T h e  F a t to r i  valve caps on  the  casks w e re  re p la ced  
w ith  ca p s  c o n ta in in g  tw o  h o les  (3 m m ) w hich  h ad  b e e n  filled w ith  p o ly 
d im e th y l  s i lo x an e  to  act as s e p ta  fo r  sam p l in g  the  h e a d sp a c e .  T h e  a ir  f rom

16
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Table 1. Molecular SO, levels determined in three products, each adjusted to five pH levels, by 
headspace and modified Rankine methods

Product pH

Orange juice 2.95
3.14
3.48
3.76
3.94

White wine (moselle) 3.06
3.38
3.66
3.97
4.27

Red wine (claret) 2.97
3.31
3.59
3.91
4.21

Molecular S0.2 (mg/1)

Headspace method Rankine method

0.84 0.80
0.57 0.56
0.23 0.26
0.13 0.14
0.09 0.09
1.84 1.83
1.05 0.95
0.48 0.49
0.25 0.23
0.12 0.12
1.76 2.55
0.79 1.26
0.52 0.73
0.23 0.33
0.11 0.17

e a ch  cask  w as r e m o v e d  a n d  n i t ro g e n  (150 ml) in je c te d  in to  the  h e a d s p a c e  
u s ing  a sy ringe  n e e d le  in s e r te d  th ro u g h  th e  sam p lin g  p o r t .

S am p les  fo r  h e a d s p a c e  an a ly se s  w e re  ta k e n  f ro m  th e  casks lying w ith  th e ir  
valves  fac ing  u p w a rd s ,  th e n  th e  casks  w e re  s to o d  u p r ig h t  fo r  w i th d raw a l  o f  
w ine  sam p le s  th ro u g h  th e  valve fo r  ana lyses  o f  f ree  S 0 2. E x a m in a t io n s  w e re  
c o n t in u e d  o n  th r e e  to  fo u r  casks  o f  e a ch  ty p e  o f  w ine o v e r  a p e r io d  o f  a b o u t  6  

m o n th s  to  o b ta in  a r a n g e  o f  c o n c e n t ra t io n s  o f  free  S 0 2 d o w n  to  a p p ro x im a te ly  
2  m g /1.

C a lc u la tio n s

E s t im a tio n s  o f  th e  c o n c e n t ra t io n s  o f  m o le c u la r  S 0 2 b a se d  on  th e  levels  o f  
f ree  S 0 2 w e re  c a lc u la te d  f ro m  th e  e q u i l ib r ia  g iven  in E q u a t io n s  (2) an d  (3). 
C o n s id e r in g  E q u a t io n  (2) a n d  igno ring  E q u a t io n  (3) ,  the  d is t r ib u t io n  o f  th e  
tw o  s p e c i e s  i n v o l v e d  a t  s p e c i f i c  p H  m a y  b e  e x p r e s s e d  b y  t h e  
H e n d e r s o n - H a s s e l b a l c h  e q u a t io n

[base]
pH = pK + log -— — (4)

[acid]

w h e re  H S 0 3'  is th e  b ase  a n d  S 0 2 H 20  is th e  acid. T a k in g  an ti logs  a n d  
r e - a r r a n g in g ,  E q u a t io n  (4) r e d u c e s  to
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w h e re  F i s  th e  f rac t io n  o f  f ree  S 0 2 p re se n t  in th e  m o le c u la r  fo rm . P ro d u c ts  in 
w h ich  S 0 2 is u sed  as a p re s e rv a t iv e  hav e  p H  va lues  less th a n  4.5. A t  th e se  
levels , using  v a lu es  o f  p K ,  =  1.81 an d  p K 2= 6 .9 1  fo r  su lp h u ro u s  acid  (W e a s t
1975), th e  c o n t r ib u t io n  o f  p K 2 fo r  E q u a t io n  (3) is neg lig ib le ,  h en c e  it has b e e n  
ig n o re d  in th e  p re s e n t  w o rk .  T h u s  m o le c u la r  S O z w as ca lcu la ted  from  th e  
re la t io n

Mol [S 0 2] = Free [S 0 2] x F  (6 )

using p K ,  =  1.81.
T h e  h e a d s p a c e  m e th o d  for  th e  d e te r m in a t io n  o f  m o lecu la r  S 0 2 is b a se d  o n  

th e  w o rk  o f  T e r ra g l io  & M an g a n e l l i  (1967) w ho  sh o w ed  th a t  H e n r y ’s law 
ap p l ie s  to  th e  so lu t io n  o f  S 0 2 in w a te r  ( E q u a t io n  (1)) so th a t

Mol [S 0 2] = gas [S 0 2] X H, (7)

w h e re  H  is th e  H e n r y ’s law  c o n s ta n t .  If  th e  c o n c e n tra t io n s  o f  b o th  m o le c u la r  
an d  g a se o u s  S 0 2 a re  e x p re s se d  as mg/1, H  is d im ens ion le ss .  In th e  p re s e n t  
w o rk ,  th e r e f o r e ,  c o n c e n t ra t io n s  o f  m o le c u la r  S 0 2 w e re  d e te r m in e d  by m e a n s  
o f  E q u a t io n  (7) f ro m  m e a s u r e d  c o n c e n t ra t io n s  of  h ea d sp a c e  S 0 2 a n d  a va lue  
o f  27.5 fo r  H . F re e  S 0 2 levels  w e re  th e n  ca lc u la ted  from  th ese  d a ta  using  
E q u a t io n  ( 6 ).

R e su lts

R e g re ss io n  ana lys is  o f  th e  H e n r y ’s law d a ta  sh o w ed  a significant l in ea r  
re la t io n  b e tw e e n  gas c o n c e n t r a t io n  a n d  m o le c u la r  S 0 2 in so lu t ion  ( r = 0 .99 , 33 
d . f . ) .  T h e  va lu e  c a lc u la te d  fo r  H w as 27.5 (s .e .  =  ± 0 .2 9 ,  33 d .f . ) .

T a b le  1 show s a c o m p a r i so n  o f  th e  c o n c e n tra t io n s  o f  m o le c u la r  S 0 2 

d e te r m in e d  by th e  h e a d s p a c e  m e th o d  a n d  th o se  ca lcu la ted  from  the  levels o f  
f ree  S 0 2 d e t e r m in e d  by  th e  m o d if ied  R a n k in e  m e th o d .  W ith  each  p ro d u c t ,  
th e  c o n c e n t r a t io n s  o b s e rv e d  by the  h e a d s p a c e  m e th o d  d e c re a s e d  with  
inc re a se s  in p H  in a m a n n e r  w hich  was co n s is ten t  w ith  th e  ca lc u la ted  values .  
A t  e a ch  p H ,  th e  h e a d s p a c e  v a lu es  w e re  s im ila r  to  th e  ca lc u la ted  re su lts  w ith  
o ra n g e  ju ice  a n d  w h ite  w ine ,  b u t  w ith  re d  w ine th e  ca lc u la ted  va lues  w e re ,  on  
a v e ra g e ,  o v e r  4 5 %  h ig h er .

F o r  e a ch  o f  th e  five b a tc h e s  o f  w h ite  w ine ,  l in ea r  reg ress io n s  w e re  
ca lc u la te d  on  th e  f ree  S 0 2 d a ta  d e te r m in e d  by th e  h e a d s p a c e  m e th o d  aga ins t  
th o se  d e t e r m in e d  by  th e  m o d if ied  R a n k in e  m e th o d .  T h e  d a ta  f rom  all b a tch e s  
w ere  th e n  c o m b in e d  a n d  e x a m in e d  s im ilarly . H igh ly  significant c o r re la t io n s  
( r ^ 0 .9 8 2  on  a t  leas t  7 d . f . )  b e tw e e n  th e  tw o  m e th o d s  on each  b a tch  o f  w ine  
a n d  on  th e  p o o le d  d a ta  fo r  all b a tc h e s  w e re  fo u n d  (T a b le  2). T h e  s lopes  o f  the  
five re g re s s io n  lines w e re  te s te d  fo r  h o m o g e n e i ty  a n d  th e  d if fe ren ces  w e re  no t  
s ign if ican t ( F = 0 . 5 0  o n  4 a n d  64 d . f . ) .
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Table 2. Coefficients for the regression equation Y=ci + bx, where Y is the free SO» determined 
by the headspace method and x  is the free SO, determined by the modified Rankine method on 
five batches of white wine

Wine Manufacturer a b
Correlation 
coefficient (/•) d.f.

Moselle A -  1.220 0.970 0.985 18
Riesling A -0 .763 1.016 0.989 16
Sauterne A -1 .357 0.940 0.990 11
Moselle B -1 .057 0.964 0.982 7
Riesling B -1 .5 9 4 1 .001 0.984 12
Combined data -1.431 1 .002 0.986 64

D isc u s s io n

T h e r e  a re  d iff icu lties  a s so c ia te d  w ith  ex is ting  m e th o d s  for  th e  d e te r m in a t io n  
o f  S 0 2 in foods .  T h is  is re f lec ted  by th e  large n u m b e r  o f  p u b l ish ed  m e th o d s  
w hich  h av e  b e e n  re v ie w e d  by C arsw e ll  ( B . F . M . I . R .A . .  1977) w ho  co n c lu d e d  
th a t  as re cen t ly  as 1977 th a t  no  single m e th o d  w as ava ilab le  for  the  
d e te r m in a t io n  o f  th e  t ru e  level o f  S 0 2 in all types  o f  foods. Since th a t  t im e ,  
w o rk  has  c o n t in u e d  on  m od if ica t io n s  to  existing  m e th o d s  an d  on  the  
d e v e lo p m e n t  o f  a new  m e th o d  b a se d  on  glc using a f lam e p h o to m e t r ic  
d e te c to r  ( H a m a n o  e t a l .,  1979). M itsu h a sh i  e t a l. (1979) c la im  th a t  the  gas 
l icu id  c h ro m a to g ra p h ic  m e th o d  a n d  the  R a n k in e  m e th o d  as m o d if ied  by 
F u ji ta  e t al. (1979) a re  re l ia b le  p ro c e d u re s  for  th e  d e te rm in a t io n  o f  free  a n d  
c o m b in e d  S 0 2 in fo o d s .  H o w e v e r ,  w ith  all th ese  m e th o d s  th e re  are  
u n c e r ta in t ie s  w hich  arise  f ro m  tw o  m a jo r  so u rces ;  in te r fe re n c e  by o th e r  
c o n s t i tu e n ts  in the  fo o d  a n d  d is tu rb a n c e  o f  the  co m p l ic a te d  equ i l ib r ia  b e tw e e n  
free  a n d  c o m b in e d  S 0 2 d u r in g  th e  ana lyses .

T h e  h e a d s p a c e  m e th o d  o ffe rs  a new  a p p ro a c h  for  the  d e te r m in a t io n  of  
m o le c u la r  a n d  free  S 0 2 s ince it is b a se d  on  the  d irec t  re la t ion  b e tw e e n  g aseo u s  
a n d  m o le c u la r  S 0 2 as d e f in e d  by H e n r y ’s law. Since the  c o n c e n t ra t io n s  of  
h e a d s p a c e  S 0 2 a s so c ia te d  w ith  fo o d s  are  g en e ra l ly  h ig h er  th a n  th e  range  
s tu d ie d  by T e r ra g l io  & M an g an e l l i  (1967), th e ir  w o rk  was e x te n d e d  using o u r  
m e th o d  to  c o v e r  th e  c o n c e n t ra t io n  ran g e  8 . 2 x l 0 “ 3 to  lO O xlO - 3  m g/1. T h e  
re su lts  sh o w  th a t  H e n r y 's  law is ap p l ica b le  o v e r  the  e x te n d e d  gas  c o n c e n t r a 
t io n  ra n g e ,  a n d  o u r  o b s e r v e d  va lue  for H o f  27.5 ag rees ,  w ith in  e x p e r im e n ta l  
e r ro r ,  w ith  T e r ra g l io  & M a n g a n e l l i ’s (1967) va lue  o f  29 .1 , re ca lc u la te d  using 
pK , =  1.81.

A s p o in te d  o u t  by M acris  & M a rk a k is  (1974), the  p ro p o r t io n  o f  free  S 0 2 

p re s e n t  as th e  m o le c u la r  spec ies  in a q u e o u s  so lu tion  is s trong ly  d e p e n d e n t  on 
pFI. T h is  ef fec t  has  b e e n  used  em pir ica lly  in food  science a n d  it is well 
re co g n ized  th a t  th e  e f fec t iv en ess  o f  th e  p re se rv a t iv e  is e n h a n c e d  by d ec rea se s  
in p H .  T h e  re su lts  se t  o u t  in T a b le  1 show  th a t  th e  re la t io n s  b e tw e e n  p H  an d
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m o le c u la r  S 0 2 d e t e r m in e d  in th r e e  p ro d u c ts  by th e  h ea d sp a c e  m e th o d  w ere  
co n s is te n t  w ith  th e  th e o re t ic a l ly  e x p e c te d  re la t ions .

W ith  w h i te  w ine  a n d  o ra n g e  ju ice, c o n c e n t ra t io n s  o f  m o le c u la r  S 0 2 

d e te r m in e d  by  th e  h e a d s p a c e  m e th o d  a g re e d  closely w ith  th o se  ca lc u la ted  
fro m  th e  levels  o f  f ree  S 0 2. T h e  large d if fe ren ces  o b se rv ed  b e tw e e n  th e  
c o n c e n t ra t io n s  o f  m o le c u la r  S 0 2 in re d  w ine at e ach  p H  by th e  tw o m e th o d s  
sugges t  th a t  th e  a n th o c y a n in s  p re s e n t  in r e d  w ine  w e re  re sp o n s ib le .  
A n th o c y a n in s  a re  k n o w n  to  c o m p lex  s trong ly  with S 0 2 a t  fo o d  p H  levels  
(T im b e r la k e  &  B rid le ,  1967; S o m e rs  & E v a n s ,  1977; B ro u i l la rd  & El H a g e  
C h a h in e ,  1980). W ith  m e th o d s  such  as th e  m o d if ied  R a n k in e  m e th o d ,  w hich  
d e p e n d  u p o n  a p H  re d u c t io n  o f  th e  sam p le  to  a ro u n d  1.0, these  co m p lex e s  a re  
a lm o s t  c o m p le te ly  d e s t ro y e d  (T im b e r la k e  &  B rid le ,  1967) a n d  th e  S 0 2 

l ib e ra te d  is d e t e r m in e d  as f ree  S 0 2.
T h e  re su lts  o b s e rv e d  on  w h ite  w ine  (T a b le  2) show  th a t  the  h e a d sp a c e  

m e th o d  is a s a t is fac to ry  a l te rn a t iv e  p r o c e d u re  to  co n v e n tio n a l  m e th o d s  fo r  the  
d e te r m in a t io n  o f  f ree  S 0 2 in l iquid  foods.

T h e  p ro d u c ts  in c lu d e d  in th e  p re s e n t  w o rk  fall w ith in  the  ca te g o ry  o f  l iquid  
fo o d s  w h ich  h av e  h igh w a te r  ac tiv ities . Such fo o d s  inc lude  b e v e rag e s  a n d  fru it  
ju ices ,  a n d  th e  d a ta  r e p o r t e d  s u p p o r t  the  c la im  th a t  the  new  m e th o d  is 
ap p l ic a b le  to  fo o d s  o f  th is  type .  H o w e v e r ,  f u r th e r  w o rk  is necessa ry  to  
d e te r m in e  th e  su i tab ili ty  o f  th e  h e a d s p a c e  m e th o d  for  the  d e te r m in a t io n  o f  
m o le c u la r  a n d  f ree  S 0 2 in fo o d s  hav in g  w a te r  activities  lo w er  th a n  th o se  
e x a m in e d  in th e  p re s e n t  s tud ies .

T h e  h e a d s p a c e  m e th o d  re q u ir e s  no  p H  o r  t e m p e r a tu re  a d ju s tm e n t  to  the  
sa m p le ,  h e n c e  eq u i l ib r ia  b e tw e e n  S 0 2 a n d  fo o d  co n s t i tu e n ts ,  inc lud ing  
a n th o c y a n in s ,  a re  n o t  d i s tu rb e d  d u r in g  th e  analysis . F u r th e r m o r e ,  the  
re m o v a l  o f  sam p le s  o f  h e a d s p a c e  gas fo r  ana lyses  d o es  n o t  ch a n g e  the  
c o n c e n t ra t io n  o f  f ree  S 0 2 in the  s am p le ,  h en c e  d is tu rb a n c e  to  th e  v ar ious  
eq u i l ib r ia  f ro m  th is  so u rc e  is av o id ed .  T h e se  c o n s id e ra t io n s  suggest th a t  the  
n e w  m e th o d  has  im p o r ta n t  a d v a n ta g e s  o v e r  o th e r  m e th o d s ,  a n d  th a t  it has 
p o te n t ia l  a p p l ic a t io n s  fo r  s tu d y in g  p ro b le m s  such as the  fo rm a tio n  an d  
s tab il i ty  o f  c o m p le x e s  b e tw e e n  S 0 2 a n d  fo o d  co n s t i tu en ts ,  a n d  the  re s is tance  
o f  m ic ro -o rg a n ism s  to  S 0 2.

Sulphur dioxide in foods
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Factors affecting the development of ‘finger drop’ in bananas 
after ripening

S. N E W *  a n d  J. M A R R I O T T f t

S u m m a ry

A  s im p le  m e c h a n ic a l  m e th o d  has b e e n  d e v e lo p e d  to  m e a s u re  th e  force 
r e q u ir e d  to  b re a k  b a n a n a  fru it  pee l  in th e  reg ion  o f  th e  ped ice l .  V a lu e s  
o b ta in e d  fo r  pee l  b r e a k in g  fo rce  c o r re la te  well w ith  m e a s u re d  d if fe ren ces  in 
su scep tib i l i ty  to  ‘f in g e r  d r o p ’.

L o n g e r  p e r io d s  fo r  fru it  r ip en in g ,  o b ta in e d  by a r e d u c t io n  o f  the 
c o n v e n t io n a l  r ip e n in g  t e m p e r a tu r e ,  fa v o u r  m a in te n a n c e  o f  a high pee l 
b re a k in g  fo rce  an d  e x te n d  th e  sh e lf  life o f  ripe fru it  bu t  re d u c e  the  d e g re e  of  
c o lo ra t io n .  F in g e r  d ro p  in b a n a n a s  o f  te t ra p lo id  c lones ,  w hich  a re  highly 
su sce p tib le  to  its d e v e lo p m e n t ,  cou ld  be m in im ized  by r ip en in g  at  t e m p e r a 
tu re s  a b o u t  2°C lo w e r  th a n  th o se  o p t im a l  for  ‘V a le ry ’, a m a jo r  co m m erc ia l  
t r ip lo id  cu lt ivar .

1 he p ee l  b r e a k in g  fo rces  o f  d if fe ren t  te t ra p lo id  c lones  w e re  c o m p a r e d  
u n d e r  c o n t ro l le d  r ip e n in g  an d  she lf  life co n d i t io n s  a n d  seve ra l  c lo n es  w ith  
sign ifican tly  r e d u c e d  su scep tib i l i t ies  to  f in g e r  d ro p  w e re  iden tif ied .  C lo n es  
w ith  a low  su scep tib i l i ty  to  f in g e r  d ro p  w ere  g en e ra l ly  also c h a ra c te r iz e d  by a 
long  p re -c l im a c te r ic  p e r io d .

In tro d u c t io n

B a n a n a  fru its  a re  h igh ly  sens itive  to  t e m p e r a tu r e  d u r in g  r ip en in g ;  as 
t e m p e r a tu r e  in c re a se s ,  fru its  r ip en  fa s te r  to  a fully r ip e ,  yellow  co n d i t io n  an d  
th is  ra p id  r ip e n in g  is g en e ra l ly  as so c ia te d  w ith  a d e c re a se d  sh e lf  life 
(L o e s e c k e ,  1949; S im m o n d s ,  1966). F o r  cu lt ivars  o f  th e  C av en d ish  su b -g ro u p ,  
t r e a t m e n t  w ith  e th y le n e  is n ec essa ry  to  a c ce le ra te  an d  sy nch ron ize  th e  on se t  
o f  r ip e n in g  ( A n o n .  1964). T h e  fru it  is sea led  fo r  24 h r  in a p u rp o se -b u i l t
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r ip e n in g  ro o m  m a in ta in e d  at 18°C a n d  9 0 - 9 5 %  r .h .  c o n ta in in g  an  e th y len e -  
rich (1000 p .p .m . )  a tm o s p h e re .  T h is  t r e a tm e n t  in itia tes  the  c lim acte r ic  p h ase  
a n d  r ip e n in g  is a l lo w ed  to  p ro c e e d  at a t e m p e r a tu r e  o f  1 6 - 1 9 ° C  w ith  
re s tr ic te d  v en t i la t io n  fo r  a b o u t  5 days w h e n  th e  fruit has  re a c h e d  the  
y e l lo w -g reen  s tage  a p p r o p r ia te  fo r  d is t r ib u tio n .  T h e  r ip en in g  p e r io d  can  be 
c o n v e n ie n t ly  m a n ip u la te d  to  a llow  severa l  days flexibility by slight ch a n g es  in 
t e m p e r a tu r e  ( A n o n .  1964; R ip p o n  & T ro c h o u lia s ,  1976).

T h e  sh e lf  life o f  th e  cu l t iv a r  V a le ry  (C av e n d ish  su b -g ro u p )  is l im ited  by 
d e v e lo p m e n t  o f  s e n e s c e n t  s p o t t in g  w h e re a s  th a t  o f  cu lt ivars  G ro s  M iche l ,  
H ig h g a te  an d  its t e t r a p lo id  p ro g e n y  is t e rm in a te d  by w e a k e n in g  of th e  fru it  
p ee l  a ro u n d  th e  p ed ice l  c a u s in g  ‘f inger  d r o p ' ,  th e  te n d e n c y  o f  fingers  to  b re a k  
easily  f ro m  the  c ro w n  d u r in g  h an d l in g  (N e w  & M a r r io t t ,  1974b; N ew  e t a l.,
1976). T h e  d if fe re n c e s  b e tw e e n  cu lt ivars  a re  p ro b a b ly  re la te d  to  the  k n o w n  
d i f fe ren c e  in ra te s  o f  e n d o g e n o u s  e th y le n e  p ro d u c t io n  (N ew  & M a r r io t t ,  
1974a) a n d  sen e sc e n t  sp o t t in g  in V a le ry  can  be  in h ib ited  by t r e a tm e n t  w ith  
e x o g e n o u s  e th y le n e  (L iu .  1976). D u r in g  trials in w hich te t ra p lo id  an d  V a le ry  
fru it  w e re  r ip e n e d  to g e th e r ,  te t r a p lo id s  invar iab ly  ex h ib i ted  l im ited  sh e lf  life 
u n c e r  c o m m e rc ia l  c o n d i t io n s  in w hich  V a le ry  fru it  r ip e n e d  sa tisfac to rily  (N ew  
& M a r r io t t ,  1974a). T h is  inves t iga t ion  w as c a rr ied  o u t  to  d e te rm in e  th e  
o p t .m u m  c o n d i t io n s  fo r  r ip e n in g  te t r a p lo id  c lones  s ep a ra te ly  from  C av en d ish  
c lo n es  an d  to  d e v e lo p  a m e th o d  fo r  s c reen in g  new  c lones  for  suscep tib il ity  to  
f inger  d ro p .

M a te r ia ls  and  m e th o d s

C o n d it io n s  fo r  s to r a g e , r ip e n in g  a n d  s h e l f  life  a s se s sm e n t

A ll s tu d ies  w e re  ca r r ie d  o u t  using  cv V a le ry ,  c lone  A ,  a r e fe re n c e  
t e t r a p lo id ,  a n d  o th e r  te t r a p lo id s  as th ey  b e c a m e  ava ilab le .  A g ro n o m ic  
p ra c t ice s ,  h a rv e s t in g  an d  h an d l in g  m e th o d s  have  b e e n  d esc r ib ed  e lse w h e re  in 
a p a ra l le l  s tu d y  o n  p re c l im a c te r ic  p e r io d  an d  co m m erc ia l  s to rag e  p o te n t ia l  
( M a r r io t t  e t a l., 1979). F o r  s to ra g e  an d  r ip en in g  trials  fru its  w e re  p a c k e d  in 
co m m e rc ia l  c a r to n s ,  w e igh ing  a b o u t  15 kg w h e n  fully p a c k e d ,  w ith  each  
c a r to n  c o n ta in in g  f ru it  f ro m  a single b u n ch .  C a r to n s  c o n ta in in g  te t ra p lo id  fruit 
w e re  u n l in e d  b u t ,  to  in c re ase  in te r-c lona l  sy n ch ro n iz a t io n  o f  r ip en in g ,  V a le ry  
fru it  w as loosely  w ra p p e d  in p e r fo ra te d  p o ly e th y len e  film. All fruit w as s to red  
at a p u lp  t e m p e r a tu r e  o f  13.5°C in re f r ig e ra te d  a ir- tigh t ro o m s  (capac ity  
30 COO li tres) .  A f t e r  a s to ra g e  p e r io d  th e  ro o m  t e m p e r a tu r e  w as ra ised  an d  
e th y le n e  in t ro d u c e d  at an  a tm o s p h e r ic  c o n c e n tra t io n  o f  1 0 0 0  p . p .m . ,  to  
in i t ia te  r ip en in g .  T h e  ro o m  w as sea led  for  24 h r  th e n  th o ro u g h ly  v en t i la te d  
w ith  a m b ie n t  air.  D u r in g  s u b s e q u e n t  r ip en in g ,  ro o m  t e m p e r a tu r e  an d  
v en t i la t io n  w e re  a d ju s te d  in a c c o rd a n c e  with th e  s ch ed u le  b e in g  te s ted  (see 
R esu l ts  sec t io n )  an d  each  box  was r e m o v e d  fro m  s to re  w hen  th e  f ru its  w e re  at 
C o lo u r  s tag e  4 (y e llo w -g ree n ) .  F o r  shelf  life s tud ies  fruit was p laced  on  an  
o p e n  tab le  in an  a i r - c o n d i t io n e d  ro o m  m a in ta in e d  at 19°C a n d  3 0 - 4 0 %  r.h .
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F ru i t  p u lp  t e m p e r a tu r e s  w e re  r e c o rd e d  twice daily  th ro u g h  th e  e x p e r im e n t .  
A n y  d e v ia t io n s  f ro m  th e se  p ro c e d u re s  a re  n o te d  in legends  to  figures  an d  
tab les .

'Finger drop ’ in bananas

M e a s u r e m e n t  o f  cluster-ab ility

P r io r  to  th e  sale  o f  b a n a n a s ,  e i th e r  a t  th e  w h o le sa le  o r  re ta il  s tage ,  c o m p le te  
h a n d s  a re  b r o k e n  in to  c lu s te rs  o f  th re e  to  five fru it  by  app ly ing  a lev e rag e  from  
th e  f lo w e r  e n d s  o f  th e  fru it  c lu s te r  (Fig. 1). T h e  p ro c e d u re  d e p e n d s  u p o n  
in d iv idua l  fru it  p ed ice ls  a n d  pee l  h av in g  g re a te r  s t ren g th  th an  th e  c row n . This  
e n su re s  th a t  th e  c ro w n  splits  p re fe re n t ia l ly ,  leav ing  b o th  th e  c lu s te r  an d  the  
re m a in in g  p o r t io n  o f  th e  h a n d  w ith  fru it  in tac t  a n d  a t ta c h e d  at th e  c row n 
reg io n .  T h e  t e rm  ‘c lu s te ra b i l i ty '  w as in t ro d u c e d  to  desc r ibe  th e  capac i ty  o f  
c o m p le te  h a n d s  o f  b a n a n a s  to  be  b ro k e n  in to  sa leab le  c lus ters  acco rd in g  to  
t r a d e  p ro c e d u re s .  F ive h a n d s  w e re  ta k e n  fo r  each  tes t .  A n  a t t e m p t  w as m ad e  
to  b re a k  each  h a n d  in to  seve ra l  c lu s te rs  o f  five fingers  by g r ipp ing  th e  distal 
e n d s  o f  t h e  fru it  o f  th e  p ro sp e c t iv e  c lu s te r ,  h o ld in g  th e  re m a in d e r  o f  th e  h a n d  
f irm ly  a n d  ap p ly in g  a lev e rag e  to  split  th ro u g h  th e  c row n (Fig. 1). In tac t  
c lu s te rs  w e re  th o se  in w hich  n o  b re a k in g  o r  sp litt ing  o f  fru it  p ee l  o c c u rre d  
d u r in g  c lu s te r in g .  C lu s te rab i l i ty  w as d e f in e d  as:

N u m b e r  o f  in tac t  c lu s te rs  in n c /

T o ta l  n u m b e r  o f  c lu s te rs  a t t e m p te d

Figure 1. Measurement of clusterability.
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F in g e r  d ro p  occu rs  in b a n a n a s  w h e n  the  s t ren g th  o f  the  p ed ice l  o r  pee l  
d e te r io r a te s  to  such  a d e g re e  th a t  ind iv idua l  fru it  d ro p  fro m  th e  c row n  d u r in g  
n o rm a l  h a n d l in g  (Fig. 2). T o  q u an t i fy  f inger  d ro p ,  on e  c lu s te r  o f  five fru it  was 
cu t f ro m  e a ch  o f  five h a n d s  an d  s u b je c te d  to  consecu t iv e  5 sec p e r io d s  of  
's o f t ' ,  ‘m e d i u m ’ a n d  'h a r d '  m a n u a l  shak ing .  Scores  w e re  a w a rd e d  as follows:

6 , A ll fru it  d r o p p e d  f ro m  th e  c lu s te r  d u r in g  a soft sh ak e ;
5, O n e  o r  m o re  fru it  d r o p p e d  d u r in g  a soft sh ak e ;
4, A ll fru it  d r o p p e d  d u r in g  a m e d iu m  sh ak e ;
3, O n e  o r  m o re  fru it  d r o p p e d  d u r in g  a m e d iu m  sh ak e ;
2, A ll  fru it  d r o p p e d  d u r in g  a h a rd  sh ak e ;
1, O n e  o r  m o re  fru it  d r o p p e d  d u r in g  a h a rd  sh ak e ;
0, N o  f ru it  d r o p p e d  d u r in g  a h a rd  sh ak e .

Measurement o f finger drop and shelf life

M e a s u r e m e n t  o f  p e e l  b r e a k in g  fo r c e  (p b f)

T h e  fo rce  r e q u i r e d  to  b re a k  f ru it  pee l  d irec t ly  at th e  p o in t  w h e re  b re a k a g e  
re s u l te d  in f in g e r  d ro p  as m e a s u r e d  d irec t ly  using  a C hat i l lo n  D P P  10 force 
g au g e .  T h e  b a n a n a  w as h o o k e d  to  th e  fo rce  gauge  fro m  a V -s h a p e d  n o tch  
( 1 —2  m m  d e e p )  cu t  in th e  ped ice l  1 cm  f ro m  th e  ju n c t io n  o f  ped ice l  a n d  fru it ,  
w h e re  b re a k a g e  n o rm a l ly  o c c u r re d .  T h e  b u lk  o f  th e  fru it ,  h e ld  firm ly aga ins t

Figure 2. Finger drop in Clone A.
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th e  p la t fo rm  o f  a te s t  s ta n d  by h a n d ,  was m o v e d  d o w n w a rd s  a t 160 m m /m in  
ap p ly in g  a p ivo ta l  fo rce  to  th e  ped ice l  w hich  re m a in e d  fixed to  th e  fo rce  
g au g e .  T h e  a p p l ie d  fo rce  w hich  cau sed  the  pee l  to  b r e a k  a n d  f inger  d ro p  to  
o c c u r  w as re a d  d irec t ly  f ro m  th e  gauge .

Results
R ip e n in g  tria ls

T a b le  1 is a s u m m a ry  o f  r ip en in g  ra te s  a n d  su b s e q u e n t  she lf  life f ro m  seven  
r ip e n in g  tr ia ls .  T r ia ls  in w hich  ro o m  t e m p e r a tu r e  was ra ised  bu t  no  e th y len e  
a d d e d  d id  n o t  give u n i fo rm  r ip en in g  a n d  th e  re su lts  a re  n o t  g iven h e re .  
H o w e v e r ,  e x p o s u r e  to  0.1 p .p .m .  e th y le n e  gas cau sed  all fru it  to  r ipen  
u n ifo rm ly  a n d  ra p id ly  in 3 days with a su b s e q u e n t  she lf  life to  3 . 2 - 3 . 4  days 
(T r ia l  1). In  T ria ls  2 -4 ,  using co m m erc ia l  r ip en in g  co n d it ions  em p lo y e d  
fo r  V a le ry  (1000 p p m  e th y le n e ) ,  all fru it  r ip e n e d  to  S tage 4 in 4 -5  days. T h e  
sh e lf  life o f  C lo n e  A  w as 2 . 0 - 2 . 6  days. W h e n  e th y len e  c o n c e n t ra t io n  was 
r e d u c e d  to  1 p .p .m .  in T ria l  5, a lo w er  m ax im u m  p u lp  t e m p e r a tu r e  was 
r e a c h e d  a n d  th e  sh e lf  life o f  C lo n e  A  was e x te n d e d  to  4 .4  days. W h e n  r ip en in g  
t e m p e r a tu r e  w as r e d u c e d  to  14— 15°C in T ria l  6 , she lf  life was e x te n d e d  to  5.1 
days  b u t  r ip e n in g  w as u n d e s i ra b ly  slow  ( 8  days) .  A t  r ip en in g  t e m p e r a tu re s  
lo w e r  th a n  14.5°C sh e lf  life was r e d u c e d  a n d  fru it  w e re  slightly ch illed  (T ria l  
7). V a le ry  f ru it ,  p a c k e d  w ith  p o ly e th y le n e  l iners ,  r ip e n e d  at a b o u t  th e  sam e  
ra te  b u t  n o t  as u n i fo rm ly  as te t r a p lo id  fru it  in th e se  trials o r  as V a le ry  fru it  
r ip e n e d  u n d e r  o p t im u m  co n d it io n s .  In  all tr ia ls ,  d e v e lo p m e n t  o f  sen e sc e n t  
s p o t t in g  p r e c e d e d  f in g e r  d ro p  an d  d e te r m in e d  the  she lf  life o f  V a le ry  fru it.  
T h e  she lf  life o f  t e t r a p lo id  fru it  w as c o m p a ra b le  w ith  th a t  o f  V a le ry  fru it  in the  
tw o  tria ls  u s ing  low  c o n c e n t ra t io n s  o f  e th y le n e  (T ria ls  1 a n d  5) a n d  in T ria l  6 

w h e re  th e  m a x im u m  te m p e r a tu r e  d u r in g  r ip en in g  w as 15°C.

C o rre la tio n  o f  p e e l  b r e a k in g  fo r c e  w ith  f in g e r  d r o p  a n d  c lu s te ra b ility

T h e  r e la t io n s h ip  b e tw e e n  c lu s te rab i li ty  a n d  f inger  d ro p  score  is sh o w n  in 
T a b le  2. F ru i t  w ith  a c lu s te rab i l i ty  o f  100%  invariab ly  h ad  a f inger  d ro p  sco re

Table 1. Shelf life of Valery and Clone A under various ripening conditions

Initial 
ethylene 
treatment 

Trial no. (ppm)

Ripening 
temperature (UC)

Time to 
colour 
Stage 4
(days)

Shelf life (days)

Initial Final A Valery

1 0.1 22.5 16.7 3 3.2 3.4
2 1000 18.4 19.6 4 2.6 3.7
3 1000 17.2 18.3 4 2.0 3.5
4 1000 16.0 18.6 5 2.5 3.5
5 1.0 16.0 16.7 6 4.4 4.5
6 1000 14.0 15.0 8 5.1 4.0
7 1000 14.3 14.3 7 3.7 4.5
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Table 2. Variation of finger drop score with clusterability 
in Clone A

S. New and J. Marriott

Clusterability (%) Finger drop score Standard error

too 0.00 —

90-99 0.45 0.12
80-89 1.37 0.31
60-79 2.56 0.18
40-59 2.44 0.21
20-39 3.43 0.21
0.19 4.83 0.36

Table 3. Variation of peel breaking force with finger drop score in Clone A

Finger drop score
Peel breaking force* of 
outer whorl (kg force)

Peel breaking force* of 
inner whorl (kg force)

0 4.60a 5.25a
1 3 .32a 3.91a
2 2.48b 3.07b
3 1.84c 2.68b
4 1,43d 1,91c

* Within each column, values followed by a different letter are signifi
cantly different (P = 0.05).

o f  ze ro .  O b s e r v a t io n s  o f  t r a d e  p ro c e d u re s  in d ica ted  th a t  the  low est to le ra b le  
c lu s te rab i l i ty  sco re  w as 9 5 %  w hich  c o r r e s p o n d e d  to  a f inger  d ro p  sco re  o f  0 .5 .  
O b s e r v a t io n s  o f  p o in t-o f-sa le  h an d l in g  in d ica ted  th a t ,  a f te r  c lu s te r ing ,  fru it  
cou ld  be safely  h a n d le d  u p  to  a f inger  d ro p  score  o f  2.5.

T h e  re la t io n sh ip  b e tw e e n  pee l  b r e a k in g  force (pbf)  an d  f inger d ro p  sco re  is 
sho w n  in T a b le  3. D i f fe re n c e s  b e tw e e n  p b f  values  fo r  each  f inger d ro p  score  
w ere  all s ign if ican t (/-*=0.05). V a lu e s  o f  p b f  fo r  fru it  front the  in n e r  w horl 
w e re  less c o n s is ten t  th a n  th o se  f rom  th e  o u te r  w horl.  N o  s ignificant 
d if fe ren c es  in p b f  va lues  fo r  each  f inger  d ro p  score  w e re  o b ta in e d  b e tw e e n  
e x p e r im e n ts  c o n d u c te d  on  s e p a ra te  occasions.

T e r m in a t io n  o f  sh e lf  life at a f inger d ro p  score  o f  2.5 c o r re s p o n d e d  to  a p b f  
va lue  o f  2 . 0 —2.3 kg fo rce  o n  th e  o u te r  w h orl  (T a b le  3). C o n s e q u e n t ly  the 
she lf  life o f  C lo n e  A  w as ta k e n  as th e  t im e  b e tw e e n  re m o v a l  from  th e  r ip en in g  
ro o m  a n d  d e te r io r a t io n  o f  fru it  pee l  s t ren g th  to  a m in im u m  p b f  va lue  o f  2 . 0  kg 
fo rce  on  th e  o u te r  w h o r l  o f  th e  h a n d .  T h e  p b f  va lue  co r re sp o n d in g  to  low est 
to le ra b le  c lu s te ra b i l i ty  w as  4 .0  kg force.

T h e  p b f  v a lu e ,  a n d  th e re fo re  f inger  d ro p  sco re ,  c o r re la te d  h ighly  with 
tens i le  s t re n g th  a n d  sh e a r in g  s t re n g th  o f  the  pee l  d u r in g  she lf  life fo r  b o th  
V a le ry  a n d  C lo n e  A  (N e w , 1976). H o w e v e r ,  as sc reen in g  too ls  th ese  
p a r a m e te r s  o f fe r  n o  a d v a n ta g e  o v e r  the  p b f  v a lu e ,  w hich  can  be m e a s u re d  
ra p id ly  a n d  is m o re  re p re s e n ta t iv e  o f  the  f inger d ro p  p rocess .  Since p b f  is 
m e a s u r e d  on  a c o n t in u o u s  sca le ,  less v a r ia t io n  a b o u t  the  m e a n  is o b ta in e d
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Figure 3. Peel breaking force associated with finger drop in fruit ripened at different 
temperatures. A , Valerv ripened at 13.9°C; A. Valery ripened at 19.(PC; O. Clone A ripened 
at 14.0°C; # ,  Clone A ripened at 19.0°C.

th a n  fo r  f in g e r  d ro p  sco res  m e a s u r e d  on  a scale o f  d isc re te  va lues .  W hils t  the  
e s t im a t io n  o f  f in g e r  d ro p  by sh ak in g  is useful in co m m erc ia l  tr ia ls ,  it r e q u ire s  
six t im e s  th e  a m o u n t  o f  fru it  n ecessa ry  for  m e a su r in g  p b f  values  a n d  is 
t h e re fo re  in a p p ro p r ia te  fo r  sc re e n in g  single b u n c h e s  o f  new  c lones .  It is also 
to  so m e  e x te n t ,  su b jec t iv e .

E ffe c ts  o f  r ip e n in g  te m p e r a tu r e  a n d  v e n tila tio n  o n  p b f  a fte r  r ip e n in g

L o w e r  r ip e n in g  t e m p e r a tu r e s  c a u se d  h ig h e r  va lues  o f  p b f  in freshly  r ip e n e d  
fru it  o f  b o th  V a le ry  a n d  C lo n e  A  a n d  this d if fe ren ce  was m a in ta in e d  o v e r  a 
sh e lf  life o f  5 days  (Fig. 3). T o  o b ta in  a high v en t i la t io n  ra te ,  fru it  w as s tack e d  
d irec t ly  in f ro n t  o f  th e  re f r ig e ra t io n  fan in th e  r ip en in g  ro o m .  T h e  ro o m  
c o n ta in e d  10—15%  by v o lu m e  o f  fru it  an d  w as m a in ta in e d  at 8 5 —9 0 %  r .h .  by 
f lush ing  c o m p le te ly  w ith  f resh  a m b ie n t  a ir  twice each  day . A  low v en t i la t io n  
ra te  w as o b ta in e d  by s to r in g  fru it  in plastic  c o n ta in e rs  inside th e  r ip en in g  
ro o m .  F ru i t  o c c u p ie d  7 0 —80%  o f  th e  v o lu m e  o f  the  c o n ta in e rs  w hich  w ere  
v e n t i la te d  w ith  a ir  f ro m  the  r ip e n in g  ro o m  a tm o s p h e re  at a ra te  o f  e igh t  to  ten  
c h a n g e s  p e r  h o u r ,  m a in ta in in g  9 0 —100% r.h .

T h e  high v e n t i la t io n  t r e a tm e n t  d u r in g  r ip en in g  cau sed  re te n t io n  o f  a g r e a te r  
p b f  a f te r  r ip en in g  for  all c lo n es  a t  b o th  r ip en in g  t e m p e r a tu re s  (T a b le  4). T h e  
p b f  v a lu es  a f te r  3 days  u n d e r  sh e lf  c o n d i t io n s  w e re  30-51 %  h ig h e r  fo r  the  fru it  
r ip e n e d  a t  15.7°C. D if fe ren c es  in p b f  b e tw e e n  v en t i la t io n  ra te s  an d  b e tw e e n  
t e m p e r a tu r e s  w e re  all s ign if ican t  ( / J= 0 .0 5 ) .

C lo n a l d i f fe r e n c e s  in  p b f  a fte r  r ip e n in g

S ignif ican t c lona l  v a r ia t io n  in p b f  ex is ted  for  fru it  r ip e n e d  at 1 4 - 1 6 ° C  an d  
in i t ia ted  w ith  0.1 p p m  e th y le n e  (T a b le  5). All c lones  te s ted  h a d  s t ro n g e r  pee l



Table 4. Effect of ventilation rate during ripening on the peel strength of ripe fruit

248 S. New and J. Marriott

Peel breaking force after 3 days
shelf life (kg force) Mean total shelf life (days)

Clone

Mean ripening 
temperature
C O

High
ventilation

Low
ventilation

High
ventilation

Low
ventilation

A 15.7 4.15 1 .98 4.5 3.0
Q 15.7 ------ - 3.08 — 4.0
A 17.9 2.05 1.37 3.0 1 .5
Q 17.9 2.42 1.62 3.5 1.5
Valery 17.9 2.75 1.52 3.5 2.0

Table 5. Clonal variation in peel breaking force and in pre-climacteric 
period

Clone

Peel breaking force (kg force)* Estimated! 
pre-climacteric 
period (days)Day 3 Day 4 Mean (%)

Valery 6.45a 5.96a 100 30 +
Q 6.22a 5 .22ab 92 45.4
P2 6.41a 5.06b 92 31.9
Q2 5.46b 4 .59bc 81 28.9
Ri 5.11b 4.21c 75 24.3
S2 4.80b 4 .19c 72 23.0
A 3.60c 2.92d 53 8.2

* Within each column values followed by a different letter are 
significantly different (P=0.05). 

t  From Marriott et at. (1979).

th a n  C lo n e  A .  th e  re fe re n c e  te t r a p lo id ,  a n d  p b f  values  for  V a le ry  w ere  s im ilar  
to  o r  g r e a te r  th a n  th o se  o b ta in e d  fo r  all th e  te t r a p lo id s  te s ted .  A  highly 
s ig n i f ican t  c o r r e l a t i o n  ex is te d  ( / >= 0 .0 1 ,  r = 0 .9 4 )  b e tw e e n  c lo n a l  p r e 
c l im ac te r ic  p e r io d  (a t  a ca l ip e r  g ra d e  of  35 m m ) a n d  th e  p b f  of  the  r ipe fruit 
(T a b le  5). U n d e r  th e  o p t im u m  r ip en in g  co n d i t io n s  p reva il ing  in th ese  tria ls ,  
all c lo n es  e x c e p t  C lo n e  A  h ad  p b f  va lues  m o re  th an  d o u b le  th e  critical f inger 
d ro p  va lu e  a f te r  4 days  she lf  life.

Discussion

R ip e n in g  tria ls  (T a b le  1) a n d  p b f  m e a s u re m e n ts  (Fig. 3 an d  T ab le  4) all 
d e m o n s t r a t e d  th a t  f in g e r  d ro p  can  be  re d u c e d  by lo w er  r ip en in g  t e m p e r a tu re s  
th a n  th o se  c u r re n t ly  u sed  co m m erc ia l ly .  T h is  is cons is ten t  with ea rly  tr ials  by 
H icks  (1934) a n d  w ith  o u r  p re v io u s  w o rk  (N e w  & M a r r io t t ,  1974a). A  high 
ra te  o f  v e n t i la t io n  also  re d u c e d  f inger  d ro p  (T a b le  4), p e rh a p s  th ro u g h  the
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re m o v a l  o f  p h ys io log ica l ly  ac tive  vo la t i le s ,  so th a t  w e ll -v en t i la ted  ro o m s  an d  
c a r to n s  w i th o u t  p o ly e th y le n e  liners  a re  fac to rs  co n d u c iv e  to  the  re d u c t io n  of  
f in g e r  d ro p  in su sce p tib le  c lones .  O p t im u m  r ip en in g  t e m p e r a tu r e  m ay  vary  
ac co rd in g  to  p re -h a rv e s t  e n v i ro n m e n ta l  c o n d i t io n s  just as fo r  A u s t ra l ia n  
C a v e n d is h  b a n a n a s  b e tw e e n  s u m m e r  a n d  w in te r  sea sons  (R ip p o n  & 
T ro c h o u l ia s ,  1976). H o w e v e r ,  te t r a p lo id  C lo n e  A  c learly  to le ra te d  low er  
t e m p e r a tu r e s  th a n  a re  u sed  c o m m erc ia l ly  fo r  V a le ry  (A n o n ,  1964) a n d  
o p t im u m  t e m p e r a tu r e s  a re  a b o u t  2°C lo w er  b o th  at  in i t ia t ion  (15°C) a n d  
m a x im u m  (17°C). O u r  re su lts  ind ica te  th a t  use o f  low c o n c e n t ra t io n s  of  
e th y le n e ,  p r o b a b ly  a b o u t  1 p . p .m . ,  co u ld  also  re d u c e  f inger  d ro p  a n d  this 
m er i ts  f u r th e r  in v es t ig a t io n .  M a in te n a n c e  o f  a m o n i to r e d  low e th y le n e  
c o n c e n t r a t io n  d u r in g  r ip en in g  is s t a n d a r d  co m m erc ia l  p rac t ice  in the  tr ick le  
d e g re e n in g  o f  c i tru s  a n d  sh o u ld  b e  feas ib le  fo r  b an a n a s .

O t h e r  c h a n g e s  in th e  co m m e rc ia l  h a n d l in g  o f  fru its  su scep tib le  to  f inger  
d ro p  w o u ld  also  b e  n ecessa ry .  F ru i t  p ee ls  w e a k e n  so th a t  c lu s te r in g  is 
im p ra c t ic a b le  a t  a p b f  o f  a b o u t  4 kg fo rce ,  th a t  is 2 - 3  days b e fo re  th ey  
d e v e lo p  f in g e r  d ro p  a t  a p b f  o f  2 kg  fo rce  (Fig. 3). T h u s  it w o u ld  be  n ecessa ry  
to  c lu s te r  f ru i t  e i th e r  w h e n  p a c k in g  in th e  p ro d u c in g  co u n try  o r  im m e d ia te ly  
a f te r  r ip e n in g  p r io r  to  d isp a tch  f ro m  th e  r ip en in g  d e p o ts  B o th  p ro c e d u re s  are  
c u r r e n t  p ra c t ice  in l im ited  sec to rs  o f  th e  t ra d e .  F u r th e r  p re c a u t io n s  m igh t  also 
be  n ec es sa ry  in h a n d l in g  o f  b o x es  s ince th e  p u lp  is so f te r  a n d  m o re  l iable to  
b ru is in g  in C lo n e  A  a n d  o th e r  te t r a p lo id s  th a n  in V a le ry  (N e w , 1976; B a ld ry ,  
C o u rs e y  &  H o w a r d ,  1981).

C lo n a l  d i f fe ren c es  in suscep tib i l i ty  to  f inger  d ro p  w e re  d e m o n s t r a te d  for  
se lec ted  c lo n es  (T a b le  5) a n d  se lec t io n  o f  c lo n es  fo r  low suscep tib i l i ty  cou ld  be 
co n s id e re d .  T h e s e  d i f fe ren c es  m ay  re la te  to  v a r ia t io n  n pec tic  co n s t i tu e n ts  
b e tw e e n  c lo n es  (C o u rs e y  e t a l . , 1974). A  significant c o r re la t io n  ex is ted  
b e tw e e n  th e  c lona l  c o m p o n e n t  o f  p re -c l im ac te r ic  p e r io d  a n d  c lonal su sc e p t i 
bility to  f in g e r  d ro p ,  so th a t  it m ay  be poss ib le  to  se lec t s im u ltan e o u s ly  for  
s to ra g e  life a n d  sh e lf  life. T h is  w o u ld  be  co n s is ten t  w ith  suggest ions  of  
M a r r io t t  e t al. (1979) th a t  e n d o g e n o u s  e th y le n e  p ro d u c t io n ,  c o n tro l  o f  th e  
f ru i t  c l im ac te r ic  a n d  ra te  o f  s e n e scen c e  m ay  all be u n d e r  th e  co n tro l  o f  an 
alle le  w hich  m o d u la te s  fru it  r ip en in g ,  c o m p a ra b le  to  th a t  d e m o n s t r a te d  in 
t o m a to  fru its  by  N g  &  T ig c h e la a r  (1977).

T h e  s p re a d  o f  b lack  leaf  s t r e a k ,  a v iru len t  fo rm  o f  b a n a n a  leaf  sp o t ,  from  
th e  Pacific  to  th e  C a r ib b e a n  (I. M u i rh e a d ,  pers .  c o m m .)  e m p h as iz e s  th e  n e e d  
fo r  n e w  b a n a n a  cu lt ivars  w ith  in c re a sed  g en e tic  d ivers if ica t ion  a n d  the  
p o te n t ia l  fo r  d isease  re s is tan c e .  O u r  re su lts  sugges t  th a t  co m m erc ia l iz a t io n  of  
s e lec ted  t e t r a p lo id  c lo n es  w o u ld  be possib le  a l th o u g h  so m e  ach iev ab le  
m o d if ic a t io n s  to  t r a d e  p ro c e d u re s  w o u ld  be  necessary .
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Technical note: A test for pro-oxidants in printed packaging 
films

S. H E R N A N D E Z - B R I Z  a n d  R . C L O T E T  B A L L U S

In tro d u c t io n

It has  b e e n  fo u n d  th a t  ch ip  p o ta to e s  a n d  e x t ru d e d  fr ied  snacks ,  p a c k a g e d  in 
p o ly p ro p y le n e  film w ith  o u ts id e  p r in t  d e v e lo p e d  d e te r io ra t io n  by fa t o x id a t io n  
in a sh o r t  p e r io d  o f  t im e  o f  a b o u t  10 days  a t 20°C, 7 5 %  r .h .  A  s im ple  ana ly tica l  
m e th o d  has  b e e n  d e v e lo p e d  th a t  c an  p ro v id e  ra p id  in fo rm a t io n  a b o u t  all 
p ro -o x id a n t  in te ra c t io n s  specific  to  the  p ac k ag in g  m ate r ia l  an d  the  oil o r  fa t 
u sed  in th e  p ro cess .

M a te r ia ls  an d  m e th o d s

A  fixed  q u a n t i ty  o f  an  ed ib le  oil is b r o u g h t  in to  co n ta c t  w ith  a s ta n d a rd  a r e a  o f  
film fo r  a p r e - d e t e r m in e d  p e r io d .  T h e  ch a n g es  in th e  oil a re  d e te r m in e d  by  th e  
K re iss  r e a c t io n  ( J a c o b s ,  1951) by m e a n s  o f  a s p e c t r o p h o to m e te r .

In o r d e r  to  o b ta in  q u a n t i ta t iv e  a n d  re p ro d u c ib le  m e a s u r e m e n ts ,  a s im ple  
dev ice  has  b e e n  d e v e lo p e d  to  m a in ta in  th e  c o n s ta n t  oil w e ig h t  in co n ta c t  w ith  
th e  film su rface .

A  s q u a r e  s ec t io n  o f  th e  film to  b e  s tu d ie d  is p lace d  loosely  o v e r  a 90 m m  ID  
glass d ish  b o t to m ,  w ith  th e  in te rn a l  face (o r  th e  su rface  in co n ta c t  w ith  th e  
p ro d u c t )  fac ing  u p .  N e x t ,  a 88 m m  ID  p lastic  P e tr i  d ish  b o t to m  is fo rced  d o w n  
in to  th e  glass P e t r i  d ish ,  th e re b y  m o u ld in g  a tray . T h e  excess film is ca re fu lly  
t r im m e d  o ff  in such  a w ay  th a t  w h e n  th e  p lastic  P e tr i  d ish  is r e m o v e d ,  th e  t ray  
f o r m e d  by  th e  film stays in th e  glass P e tr i  dish  b o t to m  in a po s i t io n  w h e re b y  
th e  to p  ed g e s  o f  th e  foil a re  re ces sed  b e lo w  th e  to p  su rface  o f  the  glass P e tr i  
d ish  a n d  a re  n o t  in c o n ta c t  w ith  th e  P e t r i  dish  cover .  A d d  15 ml o f  s ta n d a rd  
ed ib le  oil to  e a ch  film  t ray  ( s u p p o r te d  by a P e tr i  dish  b o t to m ) .  M a in ta in in g  th e  
P e tr i  d ishes  in a h o r iz o n ta l  p o s i t io n ,  even ly  d is t r ib u te  th e  oil ac ross  th e  b o t to m  
o f  th e  film  tray .  T h e  P e t r i  d ishes  co n ta in in g  th e  film sam p les ,  to g e th e r  w ith  a
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c o n t ro l  d ish  w i th o u t  film , b u t  c o n ta in in g  15 ml o f  oil, a re  in c u b a te d  a t  60°C fo r  
16 hr.

A f t e r  th e  in c u b a t io n  p e r io d  th e  ch a n g es  in th e  oil a re  d e te r m in e d  as follows: 
to  5 ml o f  oil r e m o v e d  f ro m  each  P e tr i  d ish , a d d  5 ml o f  c o n c e n t r a te d  
h y d ro c h lo r ic  ac id  a n d  ag i ta te  v igo rously .  A d d  5 ml o f  a 0 .1 %  so lu t io n  of  
p h lo ro g lu c in o l  in e thy l  e th e r ,  a n d  ag i ta te  a s eco n d  t im e .  C e n tr i fu g e  the  
s am p le .  W ith  a p ip e t t e ,  r e m o v e  th e  to p  lay e r  co n ta in in g  th e  co lo u r  p h a s e  an d  
m e a s u r e  th e  t r a n s m i t ta n c e  at 550 m /x, u s ing  th e  in c u b a te d  oil b la n k  as a 
re fe re n c e .

In th e  p r e s e n t  tes ts ,  th e  oil w as re f in ed  soya oil w ith  th e  ana ly tica l  
p a r a m e te r s :  A c id i ty  (o le ic ) ,  0 .1 %  m a x im u m ; p e ro x id e  va lue  (m .e q . /k ) ,  1 .0 %  
m a x im u m ;  io d in e  v a lu e ,  130-141; s ap o n if ica t io n  index ,  189-193; A . O .M .  
( A D C S ) ,  m a x im u m  35 m .e q . /k  8 h r ;  soaps ,  n ega tive .

Table 1. Transmittance values grouped in keeping with the sensorial 
evaluation transmittance (550 mu)

Flavour strongly 
oxidated

Flavour slightly 
oxidated Normal flavour

33.75 28.15 53.75
24.3 24.3 63.3
13.5 38.05 81.05

1.3 34.5 78.1
18.05 33.45 47.7
12.55 30.1 46.0
17.1 9.45 54.5

1.85 16.95 45.25
6.2 45.45 47.75

14.65 53.0
29.15 54.6

48.0
59.8
57.0
65.0
63.3

* 14.3 27.7 79.3
Range 1.3-33.75 9.45-45.45 42.25-81.05
x  21.64
Range 1.3 45.45

In  o r d e r  to  c o r re la te  o b s e rv e d  ch a n g es  in th e  te s t  oil w ith  sen so ry  ch a n g es  
p r o d u c e d  by  th e  p a c k a g in g  fi lm , p r in te d  bags fo rm e d  f ro m  th e  te s t  film  b e in g  
e v a lu a te d  w e re  filled w ith  ch ip  p o ta to e s  a n d  s to re d  at 37°C fo r  7 days.

T h e  se n so ry  e v a lu a t io n  w as  c a r r ie d  o u t  by  a p an e l  o f  t r a in e d  te ch n ic ia n s ,  
u ti liz ing  th e  h e d o n ic  sca le  r e p o r t e d  fo r  o x id a t io n  by A m e r in e ,  P a n g b o rn  & 
R o e s s le r  (1965).
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R e su lts  and  d is c u s s io n

T a b le  1 show s th a t ,  if th e  sen so ry  re su lts  a re  a r ra n g e d  in th re e  g ro u p s ,  th e re  is 
a c o r re la t io n  w ith  t r a n s m i t ta n c e  values .  T h e  u t i l iza t ion  o f  this m e th o d  p e rm its  
a ra p id  e v a lu a t io n ,  s im p le  a n d  u n re la te d  o f  an y  o th e r  sen so ry  ev a lu a t io n  o f  
po ss ib le  in d u c e d  e f fec t  o f  ra n c id i ty  d u e  to  th e  film o r  its p r in t in g .  T h e  
o b ta in e d  in d ex  c o r r e s p o n d s  exc lusive ly  to  th e  face in c o n tac t  w ith  the  p ro d u c t ,  
a n d  e v a lu a te s  th e  to ta l  p ro -o x id a n t  effec t.  T h e  n u m erica l  va lues  sho w n  in 
T a b le  1, a n d  th e  in te rv a ls  b e tw e e n  p ro -o x id a n t  a n d  t ra n s m i t ta n c e  effec t are  
specif ic  o f  th e  oil u sed .  T h is  m e th o d  ev a lu a te s  all p ro -o x id a n t  effec ts  ow ing  to  
p a c k a g in g  m a te r ia l  a n d  has  b e e n  ru n n in g  well as a q ua li ty  c o n tro l  o p e r a t io n ;  
h o w e v e r ,  it is n ec es sa ry  to  c a l ib ra te  each  tes t  as d e sc r ib ed ,  w ith  th e  oil u sed  
a n d  p ro d u c t  m a n u fa c tu re d .
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Book reviews

P re v e n t iv e  N u tr it io n  and  S o c ie ty . E d .  by  M . R . T u rn e r .  L o n d o n :  
A c a d e m ic  P re ss ,  1981. P p .  x i i+ 2 2 8 .  IS B N  0 12 704450 7. £16.40.

M o s t  p e o p le  w h o  w o rk  in th e  n u t r i t io n / fo o d  science a re a  hav e  p re t ty  c lea r  
ideas  a b o u t  w h a t ’s w ro n g  w ith  th e  n a t io n ’s ea t in g  hab its .  T h e r e  m ay  n o t  be 
u n i fo rm ity  o f  o p in io n  b u t  t h a t ’s a n o th e r  m a t te r .  B u t  w h e n  it co m es  to  th e  
m e th o d s  th e  so -ca lled  e d u c a to r s  w o u ld  use  to  effec t th o se  ch a n g es  m o s t  ideas  
a re  b a s e d  o n  n o th in g  m o re  th a n  te ll ing  p e o p le  th e  facts. T h is  b o o k  beg ins  by 
rev iew in g  th e  ro le  o f  fo o d  in caus ing  a n d  p re v e n t in g  ce r ta in  h ea l th  p ro b le m s  
a n d  m o v e s  easily  in to  th e  a r e a  o f  m o tiv a t in g  p e o p le  to  ch an g e .  I t  leaves  no  
o n e  in an y  d o u b t  th a t  g e t t in g  th e  facts  righ t  is on ly  th e  b eg in n in g  o f  the  
c o m m u n ic a t io n s  e f fo r t .

T h e r e  a re  f i f teen  c h a p te r s ,  th e  first o f  w hich  occup ies  a b o u t  a q u a r te r  o f  the  
en t i re  b o o k .  T h is  see m in g ly  d i s p ro p o r t io n a te  a l loca tion  o f  space  is, p e rh a p s ,  
o n e  o f  th e  g re a t  b e n e f i t s  o f  th e  b o o k .  D r s  J a m e s ,  Pow les  a n d  W ill iam s,  th e  
a u th o rs  o f  th e  o p e n in g  c h a p te r  o n  T h e  P rev a le n c e  of  D ie t  R e la te d  D is e a s e s ’ 
give an  e x c e l len t  re v ie w  o f  th e  c u r re n t  h o t  p o ta to e s — h e a r t  d isease ,  
h y p e r te n s io n ,  o b es i ty  a n d  co lo n  can ce r .  A  little la te r  th e  ro le  o f  d ie t  in d en ta l  
ca ries  is c o v e re d  a n d  P ro fe s s o r  B e n d e r  looks  specifically a t th e  n u tr i t io n a l  
h e a l th  o f  c h i ld re n  in th is  co u n try .

T h e  r e m a in in g  c h a p te r s  c o v e r  th e  cos t o f  d ie t  re la te d  d iseases ,  a n d  the  
in flu en ce  o f  social  a n d  e c o n o m ic  fac to rs  o n  h ea l th .  T w o  p a p e rs  tack le  th e  
d ifficult a r e a  o f  m e a s u r in g  th e  e x te n t  o f  m a ln u tr i t io n  a n d  th e  final c h a p te rs  
e x a m in e  th e  crucial  a sp ec ts  o f  e f fec ting  ch an g e .

T h e  b o o k  m a r r ie s  th e  e x p e r ie n c e  a n d  n e e d s  o f  th e  co m m erc ia l  w o r ld  o f  
a d v e r t is in g  a n d  o f  n u t r i t io n is ts  v e ry  successfully . J u d i th  L a n n o n  f ro m  J. 
W a l te r  T h o m p s o n  p o in ts  o u t  th e  s im ilar it ies  b e tw e e n  th e  jo b  o f  th e  
ad v e r t i s in g  ag e n cy  a n d  th e  n u t r i t io n is t .  B o th  f re q u e n t ly  w a n t  e i th e r  to  in i t ia te  
b e h a v io u r  ch a n g e  o r  to  re in fo rce  ‘g o o d ’ hab i ts .  It rea l ly  is a b o u t  t im e  th e  tw o  
‘s id e s ’ re c o g n iz e d  e a ch  o th e r  a n d  re a l ized  th a t  e ach  can  lea rn  a g re a t  d ea l  f rom  
th e  o t h e r  to  be  m o re  e ffec tive  in c o m m u n ic a t in g  th e  m essages  o f  h ea l th y  
ea tin g .

A t  leas t  th r e e  c o n t r ib u to r s  to  th e  b o o k  a re  n o t  over ly  o p tim is t ic  a b o u t  the  
ability  o f  c o n v e n t io n a l  m e th o d s  o f  p e r su a s io n  to  b r in g  a b o u t  ch an g es  in ea t in g  
hab its .  T h e  p o w e r  o f  th e  m e d ia  is re co g n ized  by  a lm o st  e v e ry o n e  as b e in g  very  
co n s id e ra b le .  T o n y  S m ith  f ro m  th e  B r it ish  M e d ic a l  J o u r n a l  has  a w a rn in g  th a t  
a co nv inc ing  lu n a t ic  is m u c h  m o re  likely  to  b e  fo l low ed  th a n  an  u n ch a r ism a t ic ,  
a lb e i t  fa c tu a l  s p e a k e r .  W e  w o u ld  d o  well to  h e e d  th e  m essag e  th a t  facts  a r e n ’t 
a lw ays all th a t  p ow erfu l!
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O v e ra l l  th is  b o o k  is easy  to  r e a d ,  in te re s t in g  a n d  m o re  im p o r ta n t  fo r  
a c a d e m ic  s tu d e n ts  a n d  p ra c t i t io n e r s  o f  fo o d  sc ience , n u t r i t io n  a n d  d ie te t ics  
th a n  m a n y  w o u ld  th in k .  R e fe re n c e s  a re  g o o d ,  m a in ly  re la t ing  to  w o rk  d o n e  in 
th e  1970s.

J e n n y  S a lm o n

K a ffe e . By H a n s  G .  M a ie r  (in G e rm a n ) .
B erl in :  V e r lag  Pau l  P a re y ,  1981. Pp . ix + 1 9 9 .  IS B N  3 489 61414 3. D M  78.

T h is  b o o k  is th e  e ig h te e n th  in a ser ies  o f  fo o d  science m o n o g ra p h s  en t i t le d  
G r u n d la g e n  u n d  F o r ts c h itte  d e r  L e b e n s m it te lu n te r s u c h u n g  u n d  L e b e n s m it te l 
te c h n o lo g ie .  T h e  l i te ra tu re  o f  all aspec ts  o f  the  ch em is try  o f  co ffee  is vast an d  
th is  v o lu m e  r e p re s e n t s  o n e  o f  th e  few  re c e n t  a t te m p ts  to  ra tiona lize  th is  m ass 
o f  d a ta .

A f t e r  a very  l im ited  h is to rica l in t ro d u c t io n  in C h a p te r  1 ( tw o  p ag e s ) ,  
C h a p te r  2 d esc r ib es  th e  v a r io u s  b o tan ica l  v ar ie t ie s  a n d  th e  co n d i t io n s  re q u ir e d  
fo r  cu l t iv a t io n .  C h a p te r  3 cove rs  all aspec ts  o f  g re en  (o r  raw ) coffee f ro m  the  
te c h n o lo g y  o f  p ro c ess in g  e q u ip m e n t  to  a d e ta i le d  d esc r ip t io n  o f  the  chem ica l  
c o m p o s i t io n .  In a d d i t io n  to  the  m a jo r  c o m p o n e n ts  such as c a rb o h y d ra te s ,  
l ipu ids ,  p ro te in ,  p h e n o l ic  acids a n d  a lka lo id s  a t te n t io n  is also pa id  to  m in o r  
c o m p o n e n t s  such  as m y co to x in s  a n d  v itam ins .  M a n y  of th e  c o m p o s i t io n a l  d a ta  
are  p r e s e n te d  in t a b u la r  fo rm ,  w hich  g rea t ly  assists the  ab s tra c t io n  o f  re q u ir e d  
in fo rm a t io n .

C h a p te r  4 is o f  s im ila r  fo r m a t  to  th e  p re c e d in g  c h a p te r  b u t  c o n c e rn e d  w ith  
ro a s t  co ffee ;  h e re  ag a in  b o th  tech n o lo g ica l  a n d  c o m p o s i t io n a l  aspec ts  are  
c o v e re d .  T h e r e  is c o n s id e ra b le  d iscussion  on  ch a n g es  in chem ica l  co m p o s i t io n  
o f  ro a s t in g ,  to g e th e r  w ith  a la rge  sec tion  o n  a r o m a  c o m p o u n d s  p ro d u c e d  
d u r in g  th is  p ro c ess .  C h a p te r  5 tu rn s  to  th e  p re p a ra t io n  a n d  p ro p e r t ie s  o f  
co ffee  b e v e ra g e ,  in c lud ing  an  in te re s t in g  tab le  o f  th e  p e rc e n ta g e  ex t ra c t io n  of 
th e  v a r io u s  c o m p o n e n t s  d u r in g  p re p a ra t io n .  T h e  physio log ica l  ro le  o f  caffe ine  
rece iv es  c o n s id e ra b le  a t te n t io n  f ro m  w h ich  it is ev id e n t  th a t  this is still a 
p o o r ly  u n d e r s to o d  a rea .

C h a p te r s  6 a n d  7, w h ich  a re  b o th  sh o r t ,  c o v e r  p ro c essed  coffees  (e .g .  
d e c a f f e in a te d )  a n d  K a f f e e -T ro c k e n e x t r a k te n  ( in s tan t  coffees) .  T h e  b r ie f  
d iscuss ion  o f  in s ta n t  co ffees  p ro b a b ly  reflects  th e ir  re la t ive ly  low significance 
as a p r o p o r t io n  o f  th e  to ta l  co ffee  c o n s u m p t io n  in G e rm a n y  (c. 2 5 %  whilst in 
th e  U .K .  it is n e a r e r  8 0 % ) .

C h a p t e r  8 r e p re s e n t s  th e  m o s t  im p o r ta n t  p a r t  o f  the  b o o k ,  th a t  is to  say a 
d e ta i le d  d e s c r ip t io n  o f  ana ly tica l  m e th o d s  fo r  all th e  c o m p o n e n ts  d iscussed  in 
th e  p re v io u s  c h a p te rs .  F o r  e a ch  d e te r m in a t io n  th e re  is a d e ta i le d  d e sc r ip t io n  
o f  th e  e x p e r im e n ta l  p r o c e d u r e  t o g e th e r  w ith  th e  p r inc ip le  o f  th e  m e th o d .  T h e  
e m p h a s is  is on  t r a d i t io n a l ,  o r  a c c e p te d  m e th o d s ,  a n d  in g en e ra l  th e r e  is on ly  
b r ie f  m e n t io n  o f  m o d e r n  in s t ru m e n ta l  m e th o d s  (e .g .  h igh p e r fo rm a n c e  liquid  
c h r o m a to g r a p h y  o f  ca ffe ine  o r  c h lo ro g e n ic  ac id) .
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C h a p te r  9 d ea ls  b rie f ly  w ith  fo o d  leg is la tion  as ap p l ie d  to  co ffee  a n d  
C h a p te r s  10 -19  c o v e r  all aspec ts  o f  ‘K a f fe m i t te l ’ (co ffee  ad d i t iv es  a n d  
su b s t i tu te s ) .  T h is  b o o k  p ro v id e s  an  ex ce l len t  tex t  on  th e  ch em is try  o f  co ffee  
a n d  sh o u ld  be  p u rc h a s e d  im m e d ia te ly  by  all th o se  w o rk in g  e i th e r  on  coffee  
re se a rc h  o r  in q u a l i ty  c o n tro l .  I t  is h o p e d  th a t  a t ran s la t io n  in to  E ng lish  will be 
fo r th c o m in g ,  poss ib ly  w ith  an  a d a p t io n  to  c a te r  fo r  th e  d iffe rences  in co ffee  
c o n s u m p t io n  in th e  U .K .  a n d  A m e r ic a .

R . M a c ra e

F la v o r  R e se a rc h . R e ce n t A d v a n c e s . E d .  by R .  T e ra n ish i ,  R .  A .  F la th  a n d
H . S ug isaw a.
N e w  Y o rk :  M a rc e l  D e k k e r ,  1981. Pp. x + 3 8 1 .  IS B N  0 8247 6568 0.
S w Fr. 168.00.

T h is  b o o k  is th e  su cc esso r  to  F la v o r  R e se a rc h : P r in c ip le s  a n d  T e c h n iq u e s ,  
p u b l ish e d  10 y ea rs  e a r l ie r .  T h e  e m p h a s is  has  b e e n  d e l ib e ra te ly  sh if ted  to  
p o in t in g  o u t  s o m e  o f  th e  a c c o m p l ish m e n ts  o f  th e  app l ica tio n s  o f  th e  m e th o d s  
d e v e lo p e d  to  a r a n g e  o f  fo o d s ,  b u t ,  ow ing  to  th e  w eigh t o f  th e  l i te ra tu re ,  
c o m p re h e n s iv e n e s s  is n o t  a t t e m p te d .  T h u s ,  a b o u t  h a lf  th e  b o o k  is d e v o te d  to  
m e th o d o lo g y ,  d ea l in g  in tu rn  w ith  p ro b le m s  in f lav o u r  re s e a rc h ,  sam p le  
p r e p a r a t io n  ( i so la t io n ,  c o n c e n t r a t io n ,  s e p a ra t io n ) ,  iden t i f ica t io n ,  a n d  senso ry  
c h a ra c te r iz a t io n .  T h e  se c o n d  h a l f  is c o n c e rn e d  w ith  the  f lav o u r  o f  v eg e ta b le s  
a n d  f ru it ,  m e a t ,  t e a ,  co f fee ,  c o c o a ,  a n d  re la te d  b ev e rag e s ,  ta s te  an d  f lav o u r  
e n h a n c e r s ,  a n d ,  b r ie f ly ,  w ith  d a iry  a n d  soy p ro d u c ts .  T h e r e  a re  five ad d i t io n a l  
a u th o rs ,  R . G .  B u t te ry ,  D . A .  F o rss ,  I. K a tz ,  A .  K u n in a k a ,  a n d  T . 
Y a m a n ish i .  A ll  a re  in te rn a t io n a l ly  k n o w n .

T h e  b o o k ,  l ike  th e  e a r l ie r  o n e ,  is th e  re su lt  o f  a w o rk s h o p ;  th is  o n e  w as he ld  
in H a w a ii  jo in t ly  by  a n u m b e r  o f  n a t io n a l  chem ica l  societies .  It is th u s  
in te n d e d  fo r  th o se  ac tive ly  in te re s te d  in f lav o u r  ch e m is try  a n d  w h o  h av e  a 
g ro u n d in g  in its p r in c ip les .  A  nov ice  w o u ld  n e e d  to  hav e  ava ilab le  m o re  bas ic  
tex ts ,  such  as th e  e a r l ie r  v o lu m e ;  ex p e r ts  will e n jo y  th e  v iew p o in ts  p r e s e n te d  
an d  b e n e f i t  f ro m  th e  e n su in g  c o n so l id a t io n .  U n fo r tu n a te ly ,  p ro d u c t io n  o f  the  
b o o k  se e m s  to  h av e  t a k e n  r a th e r  long ,  re fe re n c e s  v ir tua lly  ceas ing  w ith  1979.

O v e ra l l ,  th e  b o o k  is a u th o r i ta t iv e  a n d  well p ro d u c e d ,  th o u g h  n o t  en t i re ly  
w i th o u t  e r ro r s .  T ig h te r  ed i t in g  w o u ld  hav e  b e e n  help fu l.

In  sp i te  o f  th e  a d v a n c e s  d e s c r ib e d ,  th e  s e n io r  e d i to r  can  still p o in t  o u t  in the  
p re fa c e  th a t ,  a l th o u g h  w e can  re c o rd ,  s to re ,  re t r ie v e ,  am plify ,  t ra n sm it ,  
d u p l ic a te ,  a n d  d e sc r ib e  o b jec t iv e ly  th e  s ights  w e  see  a n d  th e  so u n d s  w e h e a r ,  
n o n e  o f  th e s e  o p e r a t io n s  can  be  ca r r ie d  o u t  fo r  a single ta s te  o r  o d o u r .  T h e  
s tu d y  o f  f la v o u r  c lea r ly  has  ye t  a long  w ay  to  go, b u t  a s to ck - tak in g ,  such  as is 
p r e s e n te d  in th is  b o o k ,  is g re a t ly  to  be  w e lc o m e d .

H . E . N u r s te n
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H u m an  N u trit io n  R e se a rc h  (B cltsville Symposia in Agricultural Research 
N o. 4). Ed. by G. R. Beecher.
London: Granada, 1982 (N ew  Jersey: A llanheld, Osman, 1981). Pp. x iv+303. 
ISBN 0 916672 48 4. £20.00.

Human Nutrition Research is made up of a collection of papers which were 
presented at the Fourth Annual Symposium at the Beltsville Agricultural 
Research Center in Maryland in 1979. Twenty-nine contributors highlighted  
specific areas o f nutrition research that are of concern to the scientific 
com m unity as a w hole. The book is divided into five broad subject areas: 
nutrients affecting health; nutrient intake and com position; nutrition research 
directed toward public health problems; assessm ent of the nutritive value of 
foods and of human nutrient requirements; and the im plem entation of human 
nutritional know ledge.

Authors o f several chapters suggest that there is moderately good evidence 
to link the excessive consum ption o f dietary fat and cholesterol with the 
developm ent o f arteriosclerotic disease. Som e dietetic information is pre
sented and referenced in sufficient detail to permit a meaningful follow-up by 
dieticians and the medical profession. Much o f the research evidence 
presented is based on probabilities of the risks or benefits to be derived from  
m odifications in the diet. For exam ple, several authors point to the 
importance o f dietary fibre in disease prevention but warn that fibre makes 
both positive and negative contributions to the quality of the diet. The 
com plex interrelationships o f the factors involved in the degenerative diseases 
are discussed, and obesity and energy balance are critically reviewed as a 
major preventive issue. The association between sodium intake, and the more 
recent evidence o f the link between dietary fat intake and hypertension are 
brought to the reader’s attention.

Several chapters em phasize the m ethodological limitations in nutrition, 
such as the determ ination o f nutrient levels in foods, the assessment of the 
nutritional status o f the population and the developm ent of recom m ended  
daily amounts o f nutrients to m eet the needs of practically all healthy people.

The book brings together a wide range o f research approaches and is broad 
in scope. The reader really has to be prepared to sift through several of the 
chapters in detail to gain full insight into the subject matter. A  stricter format 
of chapter structure with clearly defined objectives and concluding statements 
would have been useful. Many papers did not have adequate summaries. Pro
ceedings o f sym posia tend to have these inherent weaknesses and this book is 
no exception. A  few chapters were familiar pieces of work diluted down by 
the same authors from more thoroughly presented expositions elsewhere.

N evertheless, the type-face— bar one or two typographical errors— and the 
illustrations are good , and the 303 pages should be useful as an update to 
dieticians, nutritionists, researchers and policy makers in the agricultural and 
health professions.

D. P. Richardson
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M ixe d  C u ltu re  F e rm e n ta t io n s  (Special Publications of the Society for 
G eneral M icrobiology N o. 5). Ed. by M. E. Bushell and J. H. Slater. 
London: A cadem ic Press, 198E Pp. xi +  175. ISBN 0 12 147480 1. £12.00.

This book com prises eight chapters based on papers delivered at a Symposium  
organized by the Ferm entation Group of the Society for General M icrobio
logy in D ecem ber 1980. The first two chapters deal with general aspects of 
microbial com m unities and population dynamics while the remaining chapters 
are concerned with specific mixed culture associations. A s is often the case 
with sym posium -based books, som e of the chapters constitute useful broad 
reviews o f their subject that can be appreciated by the general reader and the 
advanced student of m icrobiology, while others are relatively confined reports 
of specific studies likely to appeal only to the specialist, who in any case is 
likely to have met them already in the scientific journals.

The first chapter considers the general nature of microbial com m unities and 
provides a very extensive and well referenced survey of studies in this area. 
The next chapter on m ixed culture kinetics is largely mathematical analyses of 
microbial interactions, but in passing becom es entangled in definitions of 
com petition. D iscussion about the meaning of words is often a relatively 
unprofitable activity, but when the definition of com petition is pursued 
without reference to the work o f plant and animal ecologists it does seem  that 
microbial ecologists are assuming a mantle o f unwarranted independence.

The outstanding chapters in the book are those dealing with anaerobic 
waste treatm ent and yoghurt production. H obson presents an extrem ely lucid 
survey o f the microbial ecology of anaerobic waste treatment, with an 
em phasis on practical aspects and current problems. D riessen’s review of the 
L a c to b a c i l lu s - S tr e p to c o c c u s  interaction in yoghurt is also a very clear exp o
sition o f what is known about this association. It includes considerable details 
of studies conducted in pH-stat (turbidostat) culture, and might, in fact, be 
taken as a m odel o f how the turbidostat can be used as an experim ental 
tool in the unravelling o f interrelationships in microbial com munities.

The chapters dealing with aerobic waste treatment and with y east- 
L a c to b a c i l lu s  interactions in beverages and foods are largely descriptive and 
serve mainly to indicate how little is really known about these associations. 
The two remaining chapters concentrate on specific problems, one involving 
L a c to b a c i l lu s  contam ination in beer yeast and the other the use of 
algal-bacterial associations for biom ass production.

A lthough the book will appeal mainly to research v/orkers and advanced  
students in m icrobiology, the chapter on yoghurt, which is ultimately  
concerned with the developm ent of a continuous manufacturing process, and 
the chapter on anaerobic waste treatm ent, an area of increasing concern to the 
food industry, will m ake interesting and profitable reading for many food  
technologists.

Overall the book is well presented with few misprints and a brief index.
J . D . O w e n s
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T re n d s  in F ish  U t il iz a t io n . By J. J. Connell and R. Hardy.
Farnham, Surrey: Fishing N ew s B ooks, 1982. Pp. x+ 103 . ISBN 0 85238 120 4.
£6 .00.

There can be little doubt that the fishing industry in the U .K . has suffered  
considerably during the last decade. The deep-sea fleet is rusting by the 
quayside, the inshore boats can do little more than survive against the 
subsidized com petition from our European neighbours, and every year seem s 
to bring fresh problem s for those involved in the catching and/or processing of 
fish. The causes o f this decline can be traced to various political and econom ic 
factors, but one important factor is the reluctance o f consumers to buy ‘w et’ 
fish in any appreciable quantity. This reservation applies particularly to the 
more readily available pelagic species, and there is som e evidence that this 
pattern is becom ing steadily more pronounced. If these trends could be 
reversed, or if consum ers could be persuaded to purchase more fish in other 
forms, then clearly the increased revenue might go som e way towards easing 
the plight o f the industry. The extent to which this ‘hope’ could becom e reality 
provides the basic them e for this book, and it is to the author’s credit that their 
assessm ent of the possibilities has remained both rational and objective.

In order to reduce the vast array of available material to useful proportions, 
the subject has been discussed under three broad headings, namely: ( 1 ) 
‘unused and underused resources’, which describes briefly some of the marine 
species that are, at present, underutilized as human food. The coverage ranges 
from the much m aligned mackerel through to more unusual items like squids 
and sandeels, and although the discussions are inevitably short, the narrative 
never becom es trite or repetitive; (2 ) the future ‘developm ent of conventional 
m ethods’ of presentation to the consumer, with especial emphasis on how the 
efficiency o f handling has been steadily improving; and (3) ‘newer m ethods 
and products’ which considers how flesh recovered from carcasses can be 
transformed into edible products, such as m oulded fillets for direct consum p
tion, or high protein flours for incorporation into bakery or other food  
products.

A  general discussion of marketing and related problems com pletes the 
coverage, so rounding-off a most absorbing review of possible future activities 
in relation to fish and fish products.

It should, therefore, prove a most useful book for college students seeking  
an insight into likely trends in fish processing and distribution, and indeed any 
‘student’ o f the food industry will find it a most enjoyable narrative. Thus it is 
a book which is both informative and readable, and it is rather a pity that the 
price is not more conducive to casual purchase. It must be conceded, of 
course, that the quality o f presentation is higher than that often associated  
with ‘soft-back’ publications and that it is well illustrated, but even so , many a 
potential purchaser may well query whether it is an ‘essential’ for his/her 
bookshelf.

R . K . R o b in s o n
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Books received

Fo o d  S c ie n c e  and  T e c h n o lo g y , 4th ed. By Magnus Pyke, revised by
L. Parducci.
London: John Murray, 1981. Pp. xv i+304. ISBN 0 7195 3850 5. £7.50.

This introductory text has been revised to include discussion o f extrusion  
cooking, m icrowave cooking, sterilizable flexible pouches, aseptic packaging, 
reform ed m eat products, leaf protein, TVP, and yeast SCP.

E n z y m e  K in e t ic s : T h e  S te a d y  S ta te  A p p ro a c h , 2nd ed. By P. C. Engel. 
London: Chapman & H all, 1981. Pp. v i+ 96 . ISBN 0 412 23970 1.

A  short introduction to enzym e kinetics ‘aimed at “non-believers” , that is to 
say the 90% or so of biochemistry students, and indeed of practising 
biochem ists, who place enzym e kinetics in the same category as Latin and cold 
showers, character-building perhaps, but otherwise to be forgotten as quickly 
as possib le’. A lgebra is used, but the calculus is avoided. The book pays 
particular attention to multi-substrate kinetics, and to the differences between  
the various m odels for the allosteric control of enzym e activity.

A  G u id e  to  Im p ro v in g  Foo d  H yg ie n e , 2nd  ed . By G. Aston and J. Tiffney. 
London: N orthw ood B ooks, 1981. Pp. 168. ISBN 7198 2864 3.

A im ed at food handlers, the book is written in ‘plain language’, and contains 
many apposite illustrations. Intended also to be of value to environmental 
health technicians, dom estic science teachers, architects and kitchen planners, 
it not only discusses the principal types of food poisoning and hygienic aspects 
of food production and handling, but also covers such topics as the design and 
construction o f food prem ises, design o f equipm ent, and problems associated  
with market stalls and m obile food vending.

M e a t, P o u lt ry  and  S e a fo o d  T e c h n o lo g y : R e ce n t D e v e lo p m e n ts . By
E. Karmas.
Park R idge, N ew  Jersey: Noyes Data Corporation, 1982. Pp. xv+426. 
US$45.0(X

This ‘data-based publication’ provides information retrieved from the U .S . 
patent literature. The patents described, which are not necessarily being 
utilized com m ercially, cover topics such as post-mortem operations, m eat- 
bone separation, integral m eats, flavourings and colourings, tenderness 
evaluation, cooking, curing, anti-nitrosamine agents, meat products, meat 
and bacon analogues, and packaging. Subjects of seafood technology covered  
include filleting and freezing of fish, fish protein hydrolysates and isolates, 
kam aboko, roe and shellfish products and shell extracts.
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Haemophilus influenzae (Public Health Monograph Series No. 17). By 
D . C. Turk.
London: H M SO , 1982. Pp. vii +  56. ISBN 0 11 887108 0. £3.50.

The topics covered in this short monograph relate to both the clinical 
significance o f the organism and its isolation and identification.

D ie V e ra rb e itu n g  vo n  K r ill zu  L e b e n sm itte ln . By W. Schreiber et al. (in
G erm an).
Hamburg: Bundesforschungsanstalt für Fischerei, 1981. Pp. v i+215. US$10  
( +  $ 2  for postage by airmail).

M ethods are given for processing krill into food, based upon the use o f krill 
mince for production o f boiled or cured sausages.

D e v e lo p m e n ts  in Foo d  M ic ro b io lo g y . Volum e 1. Ed. by R. Davies 
London: A pplied Science, 1982. Pp. x+219 . ISBN 0 85334 999 1. £24.00.

In this inaugural volum e o f a new Development Series the topics covered are 
microbial spoilage o f meats; the control o f Salmonella in poultry; the 
bacteriology o f fish handling and processing; U H T  processed foods; regula
tion o f lactose m etabolism  in dairy streptococci; and rapid estim ation of  
microbial populations in foods.

G a so h o l, a S te p  to  E n e rg y  In d e p e n d e n ce . Ed. by T. P. Lyons. 
Lexington, Kentucky: A lltech, 1981 (London: E. & F. N. Spon, 1982). 
Pp. v + 3 4 6 . £22.50.

This com prehensive guide to the technical aspects o f alcohol production 
provides inform ation on the use of feedstocks such as maize, potatoes, wheat, 
sorghum, sugarbeet and sugarcane. There is also a chapter on the biology and 
genetics o f Saccharomyces.

A d v a n c e s  in O p tica l and  E le c tro n  M ic ro sc o p y , Volum e 8 . Ed. by R. Barer 
and V. E. Cosslett.
London: A cadem ic Press, 1982. Pp. x ii+281. ISBN 0 12 029908 9. £28.20.

The topics discussed are: spatial filters including Schlieren systems; photoelec
tric setting m icroscopes; investigation o f chrom osom e structure; m ounting  
m acrom olecules for electron microscopy; triode electron guns; and field  
electron em ission systems.
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B C C : B e e f C u ts  C o d e , 2nd ed. By E. B. Riordan, S. J. Schwer and
C. G odson.
Dublin: An Foras Taluntais, 1980. Pp. 37. (First available on sale 1982.) £4.00  
from CBF, 26/28 Bedford Row, London W C1R 4HE.

Specifications are provided in English, French and German for continental 
cutting and trimming o f beef.
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Cereals are the most im portant providers o f the world's food, yet there Is a dearth 
o f publications providing a genuine forum  fo r high-quality scientific research in to 
the many aspects o f cereal science.

This new international quarterly publication joined Academic Press's distinguished 
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