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An indirect moisture sensor for some tropical farm 
produce such as yam

M. T. IGE* a n d  K. O. SUNMONU+

S u m m a ry

Moisture content of agricultural produce is one of the more reliable single 
indices for indicating storage potential.

This paper reports studies into an indirect method of sensing the moisture 
content of yam tubers.

This method, which measured a passive property (resistance) of the produce 
as an index of moisture content, appears to be reliable. The results of a 24 
factorial experiment to screen for the essential factors are presented. Some 
results of further experiments to determine the relationship between the 
important factors, the resistance, and moisture content of the farm produce are 
also presented.

In tro d u c t io n

Yam, of the genus Dioscorea, is among the more valuable staple food sources 
for millions of people in tropical and sub-tropical countries. In Nigeria 
especially, it is one of the most valued sources of food. Unfortunately, however, 
despite the relatively high production level of this crop, it is in short supply in the 
market due primarily to the colossal amount of wastage of both the processed 
and unprocessed produce. Wastage from unprocessed yam tubers results from 
chemical reactions in the tubers, excessive sprouting, shrinkage and spoilage 
due to bacterial and fungal attack.

Although considerable efforts by many researchers have been directed toward 
increasing the storage life of yam tubers, a very practicable technique has not

A uthors’ addresses: *Department of Agricultural Engineering, and tFaculty of Agriculture. 
University o f Ife, Ile-Ife. Nigeria.
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emerged. Also, because of bulkiness and the distance between the geographical 
locations of production and the consuming areas of yam tubers, they are 
processed into flour forms. The processing of yam tubers into flour involves 
peeling of the tuber, cutting into pieces (although some are not cut into pieces), 
parboiling, drying in the sun and grinding. Wastage usually results from 
development of mould inside and sometimes on the surfaces of the supposedly 
dried pieces due to moisture migration. During sun drying of the produce, the 
surface of the whole or cut pieces usually appears very dry whereas the inside 
might be well above the safe storage moisture level. When the moisture level 
from such an under-dried product is not high enough to encourage the develop
ment of moulds on the surface of the pieces, the unsuspecting customer bears 
the loss resulting from the development of moulds inside the product.

Losses from these products could be reduced if there were means of indicating 
moisture levels inside the drying, whole or cut pieces. Also as Nigeria develops 
her agriculture and industries, there will be a need for effective grading of yam 
tubers to be processed in the industries. An effective grading system can be 
based on visual observations, weight and moisture content. Thus there is a need 
for a means of measuring the moisture content of such bulk pieces. For such a 
measurement, it appears that the indirect methods are more appropriate, and 
this report is therefore on an indirect moisture sensoring method. The method 
involves resistance measurement, and the results obtained appear to be reliable. 
The results of important parameters affecting the response of such a sensor are 
presented.

Previous work

Moisture content for both primary and secondary agricultural products is 
generally accepted as the most reliable single index of their storage potential. 
Methods that have been employed to determine moisture content can be 
classified broadly into two: (a) direct methods, and (b) indirect methods.

The direct methods, sometimes described as ‘primary methods’, involve the 
determination of moisture present in the product either by loss in weight (oven 
method) or as condensed moisture (Brown-Duvel moisture tester). These 
methods have been standardized for grains (ASAE. 1977) but not for tropical 
crops such as yam. A weakness of these methods is that sometimes loss of 
volatile components and water released through decomposition by heat are 
recorded as moisture loss (Fetzer, 1954) but these errors are relatively in
significant in high moisture products such as root crops and fruits.

The indirect methods, sometimes called secondary methods, generally employ 
a passive property of the material as an index of the moisture content. Passive 
electrical properties which have been used include resistance and/or dielectric 
properties. Several meters have been developed for grains and forage using 
these properties, and such meters are readily available. These meters are usually 
designed to sense moisture levels not greater than 30% (w.b.) but the moisture
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content of yam is far higher than this value. Examples of such meters are 
Protimeter. Delmhorst, Gallenkamp, and Kappa James, the latter being based 
on dielectric measurement. The power source is mains or battery. The Kappa 
James meter is claimed to measure from as low as 0.2% to as high as 60% with an 
accuracy of from 0.5 to 2% above 40% moisture content. The moisture content 
of yams, however, can be up to 80% or higher, and thus, the currently available 
moisture meters appear not to be suitable for the determination of their 
moisture content. Pos & Ezeike (1976) developed a probe to sense the 
resistance of root crops. Their probe was essentially two platinum wires which 
were set at 1.27 cm apart. Their results showed a linear relationship between 
moisture content and resistance of the samples. They did not . however, report 
on the basic parameters which influence the resistance of such products. Also 
they worked at a very small range of moisture content (87.4-88.7% for carrot 
and 75.9-78.2% for potato). Such sensors developed for other agricultural 
produce usually specified the volume (shape and size) of specimens but such 
specification was not mentioned in the studies reported by Pos & Ezeike.

Cox & Filby (1972) reported that for most agricultural materials resistance 
values may range from few ohms to about 100 megohms. But preliminary 
investigation showed that a meter that could read up to about 20 megohms was 
adequate for our studies and hence a Simpson Multimeter was used to read 
resistance levels.

Theoretical consideration

Generally a yam tuber can be considered to be non-homogeneous in structure 
and water content. Laboratory experiments by the authors showed moisture 
content variation along the longitudinal axis of the tuber-69.8, 66.0 and 62.3% 
(w.b.) at the distal, middle and proximal sections of the tuber respectively. Also 
moisture content variation along the transverse section of the yam can be 
expected, and because resistance is expected to vary with varying moisture 
content levels, the resistance would vary along the transverse section of the yam.

Variation o f resistance with depth

Probes into a yam tuber at varying depths, will be exposed to varying 
resistance levels along the yam's length. These resistors of varying magnitude 
arranged in parallel are shown in Fig. 1.

Where R is the equivalent resistance of the system and R i is resistance at the 
outer layer

R R „ - 1 R
( 1 )
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Probe depth

Ri R£ r 3 R„
AAAAA--------w w ---- -----v w v — — /— h— - ^ V W W

( b )

Figure 1(a). Schematic representation o f resistances along the depth of the probe into 
the yam piece.
Figure 1(b). Schematic representation o f the resistances between probe distances.

R i is usually highest as the outer layer is driest. 
Hence eqn (1) becomes

JL
R

R i R i1 + —! + — + • •
R , R t

R i

Ri + R>
R„ t R„ (2)

For drying yam pieces, it is possible to identify three drying layer zones:
(i) The dry layer zone which is in equilibrium with the hot air.
(ii) The drying layer zone which is between the dry layer zone and drying 

front.
(iii) The wet layer zone which is the layer after the drying front where 

relatively no drying has taken place.
(i) For the dry layer zone, it can be assumed that there is no resistance 

variation with depth of probe i.e. R ¡ = R ■> = R.t = • • • / ?„
Hence eqn 2 becomes

1 _ n 
R / ? , ' ■ '

R= 0-J. • ■ n

(3)

(4)

Where n > 1 is a function of depth R * —. This shows that the relationship

between the equivalent resistance and depth of probe is inverse.
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( ii) For the drying layer zone

.

But the resistances would be o f the same order. 
Equation (2) can be written as

1 _  1 +  k  i +  k-> +  ■ • ■ k „_,

~R K7x

which can be written as

kn

W here k >  1
Equation (4) can be com bined with (7) i.e. 

1 _  u k„

~R~~R^ ~k 7x'"

( 6 )

( 6 )

(7)

(«)

which can be written as

R =
R< R ,

n (1 +  k) An 

w here A =  1 +  k.

(9)

Equation (9) is that o f an inverse function with definite change in slope 
com pared to eqn (4).

(iii) A t the wet layer zone, the resistance

Ri„ i is very small compared with R ,

1 An +
R R i R2n 11

— An_ n
R\ R:,i+1

+ . . . + 1
R„

( 10)

( ID

An  + Rx
n

Rx

(12)
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An  +  n R t

R:„ ^

W here R i is very large compared with 

eqn (13) approxim ates to

R =
n

(13)

(14)

This shows that the resistance will suddenly becom e low when the probe gets to 
the wet zone.

Variation o f resistance with distance between probe

For a given depth, the overall resistance sensed by the probe can be taken as 
the summation o f resistances in series i.e.

R = nR t ■ ■ ■ (15)

where n is positive.
Equation (15) is that o f a straight line.

Experimental procedure

Direct moisture content determination

A ll indirect m ethods o f moisture determination are calibrated by a direct 
m ethod such as the oven m ethod. Unfortunately there is no standard yet for 
determining moisture content o f yam. Hence experiments were designed to 
determ ine the drying profile o f yam at 60, 80. 100, 110 and 120°C. Each drying 
experim ent was replicated three times. About 100 g o f samples were dried in 
each drying moisture can, and the weight o f each can in the oven was monitored 
until consistent constant weights were observed or when differences in weights 
were negligible.

G eneral observations showed that experimental yam samples dried at 
temperatures o f 110 and 120°C were caked brown before constant weights were 
reached. Samples dried at temperatures o f 60 to 100°C did not becom e caked 
nor turn brown. Samples dried at 110°C and above reached constant weights 
before 16 hr o f drying, while samples dried at 60 to 90°C took up to 30 hr or 
longer to reach constant weights. Samples dried at 100°C reached constant
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weight at about 24 hr and did not turn brown nor becom e caked. H ence an oven  
tem perature o f 100°C was selected for determining the moisture content o f yam 
by direct m ethod.

Indirect moisture content determination using resistance

A  Sim pson M ultim eter M odel 250 capable o f reading up to 20 m egohm s was 
used for the m easurem ents. Steel cylindrical probes o f about 1.5 mm diameter 
were used to probe into the tubers. Four factors were first selected for study 
based on preliminary observations and knowledge o f the parameters affecting 
the resistance o f  a piece o f metal. The factors are: (i) thickness o f the material;
(ii) depth o f  probes in the material; (iii) mass o f the materials; and
(iv) distance betw een the probes.

A  2 4 factorial experim ent was designed to determine the relative effects of the 
above factors on the resistance o f a given piece o f yam. Three sets o f the 2 4 
factorial experim ent were carried out using different masses for each set of 
experim ents because o f the problem o f maintaining a consistent mass while 
keeping the other three factors constant. The yam pieces had been partially 
dried naturally and the average moisture content was about 61% w.b. Table 1 
gives the 2 4 factorial experim ent and the results.

T he results o f  these experim ents were analysed using Yates (D avies, 1971) 
analysis; three o f the factors, depth o f probe, distance between terminals and 
mass o f the yam piece, were found to be significant at 95% confidence level.

Table 1. 2 4 Factorial experim ent and results

D epth  
E xperi- o f 
m en t probe 
no. (cm )

D istance
betw een
probes
(cm )

Mass (g)
Thicknes 
of yam 

- piece 
(cm)

;s
Resistance (Kilohms)

Set 1 Set 2 Set 3 Set 1 Set 2 Set 3

1 1. 2 57.85 50.81 57.98 2.25 5.6 6 .0 5.6
2 . 2 2 57.85 50.81 57.98 2.25 3.5 3.7 3.8
3. 1 4 57.85 50.81 57.98 2.25 12.0 8 .0 7.5
4. 2 4 57.85 50.81 57.98 2.25 5.0 5.0 5.7
5. 1 2 31.95 28.29 28.52 2.25 6.3 6.5 8 .0

6 . 2 2 31.95 28.29 28.52 2.25 4.0 3.8 5.8
7. 1 4 31.95 28.29 28.52 2.25 13.0 13.0 12.0

8 . 2 4 31.95 28.29 28.52 2.25 6.5 6.5 9.0
9. 1 2 57.15 51.10 56.74 3.17 6 .0 5.8 5.5

10 . 2 2 57.15 51.10 56.74 3.17 3.8 3.5 3.4
11 . 1 4 57.15 51.10 56.74 3.17 7.5 8 .0 9.5
1 2 . 2 4 57.15 51.10 56.74 3.17 5.5 5.5 5.7
13. 1 2 31.32 28.77 28.74 3.17 7.2 7.5 6.5
14. 2 2 31.32 28.77 28.74 3.17 4.5 5.0 4.0
15. 1 4 31.32 28.77 28.74 3.17 10.5 10.5 9.5

16. 2 4 31.32 28.77 28.74 3.17 7.0 8 .0 6 .8
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M ore experim ents were then carried out varying these three factors. The 
m oisture content o f all the pieces o f yam used for the experiments was deter
mined by the oven m ethod, as described above, setting the oven temperature at 
100°C and drying for 24 hr. The effects o f temperature on resistance of the yam 
were not investigated.

Results and discussions

Table 2 gives the results o f the analysis o f the experimental results shown in 
Table 1. The —3.537 shown in first line o f second column in Table 2 indicates 
that the resistance o f the yam piece decreased by 3537 ohms when the probe 
depth was increased from 1 to 2 cm for the conditions o f the experiments in set 1. 
T he results show that the probe depth, distance between probes and mass of 
yam appeared consistently significant at 95% confidence level, while the 
thickness o f the yam pieces appeared not to be an important factor. The 
interactions betw een the factors appeared not to be significant except the 
interaction betw een the depth o f probe and the distance between probes for the 
first set o f  experim ents; it appeared unimportant in the other sets of 
experim ents.

Figures 2 to 4 show representative curves plotted from several data obtained  
from the experim ents. The correlation coefficients between mass o f yam tubers 
and resistance in ohm s range between — 0.969 and 0.978. This shows that as the

Table 2. E ffects o f factors on the resistance of yam in ohms

Factor

Results divided by 10:i

Set 1 Set 2 Set 3

Probe dep th  (1) -3 .537+ -3 .037+ -2 .510+
D istance betw een probes (2) 2.262+ 2.830+ 2.910+
M ass o f vam (3) 1.262+ 1.912+ 1.710+
T hickness (4) -0 .4 8 7 0.125 -0 .6 6 0
Interactions* 1,2 - 0 .212+ -0 .5 8 7 -0 .3 1 0

1,3 - 0 .212 -0 .5 1 2 -0 .1 4 0
1,4 0.937 0.587 -0 .2 6 0
2.3 -0 .4 8 7 0.962 0.390
3,4 - 0 .012 -0 .2 8 7 0.130
3,4 0.337 0.137 -0 .1 4 0

1,2,3 -0 .0 3 7 -0 .3 6 2 0.130
1,2.4 1.062 0.537 0.160
1,3,4 -0 .2 8 7 0.462 0.310
2,3,4 0.162 -0 .5 1 2 -0 .3 1 0

1,2,3.4 - 0 .2 1 2 0.412 0.260

* Signifies in teractions betw een probe depth (1) and distance 
betw een probes (2 ).

tS ignificant at 95% confidence level.
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Distance between probes (cm)

Figure 2. R elationship  betw een resistance o f yam pieces and distance between probes 
at d ifferen t m oisture contents, (a) A t 1.5 cm probe depth , m oisture contents (w .b.): 
O. 6 1.9̂ 5?-; 5 0 .3 % : A . 41 .8%: x . 16.1%. (b) O . probe depth 1.5 cm. m.c. 63 .4% :
□  . p robe  dep th  2.4 cm. m.c. 63 .4% : A . probe depth 1.5 cm. m.c. 36.9% : x . probe 
dep th  2 .4 cm . m .c. 36.9% .

Figure 3. R elationship  betw een resistance o f yam pieces and depth of probe.

Percentage moisture content (w.b.)

Figure 4. R elationship  betw een m oisture content and resistance of yam pieces, at 1.5 
cm p robe dep th , 1 cm probe distance.
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mass o f a yam piece increases the resistance decreases. This result can also be 
derived from the results o f the 2 4 factorial experiment. The value o f the effect o f  
decreasing the mass o f yam was positive. The correlation coefficient between  
the distance betw een probes and resistance ranged between 0.977 to 0.991. This 
show s high correlation and also that the relationship is linear as derived from 
eqn (15). This is shown in Fig. 2 for yam pieces o f different moisture contents 
and also at different probe depths.

T he correlation coefficient between probe depth and resistance was -  0.992. 
This shows that resistance decreases with increased depth of penetration as 
shown by the 2 4 factorial experim ent. Curves to show this relationship are 
plotted  both on a linear and on a sem i-log scale (Fig. 3). From both curves it 
appears that the relationship between resistance and depth o f probe is not linear 
and the three zones o f drying, considered earlier in this paper, can be identified. 
T he dry zone extends to a depth o f about 4 cm in this experiment. The drying 
zon e appears betw een 4 and 6 cm and the wet zone appears to be after 6 cm 
depth. Figure 4 shows the curves o f the relationship between moisture content 
and resistance o f yam pieces on a linear and semi-log scale. The relationship is a 
curve on the linear scale and appears linear on the sem i-log scale; this indicates 
an exponential relationship.

T he practical implication o f these results is that it will be essential to select: (i) 
a given size o f yam piece; (ii) a given distance between probes which may not be 
m ore than 5 cm to save on material (yam); (iii) the probes’ length should be such 
that it is capable o f penetrating to at least half the depth o f the yam pieces so 
as to be able to detect whether (1) the yam pieces is uniformly dried, (2) there is 
still a drying zone in the yam p iece, (3) there are drying and wet zones in the 
piece.

C o n c lu s io n s

A n  oven drying m ethod suitable for determination o f the moisture content o f  
yam pieces has been developed by experiment. Using this method for reference, 
the relationship betw een moisture content and a passive property (resistance) o f  
yam tubers has been studied. From the results, the following conclusions can be 
reached:

(1) The tem perature o f the oven to be used for direct moisture content 
determ ination to calibrate the indirect method should be set at about 100°C and 
the sam ples should be dried for about 24 hr.

(2) Indirect moisture content determination using the passive property 
(resistance) o f yam appears reliable. Results o f 2 4 factorial experiments 
show  that three factors affect the response o f the probe. These are the distance 
betw een  the probe terminals, the depth o f the probe in the produce and the mass 
o f  the produce.

(3) The resistance sensed by the probe appears to vary linearly with the 
distance betw een the probes terminals as derived in eqn (15). This result
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appears consistent with the relationship o f resistance o f metals and their lengths. 
H ow ever, experience has shown that the overall mass of a material affects the 
resistance indicated by a probe placed at very small sections of the large mass. 
This might affect the relationship between the resistance and the distance

betw een  the probe. In this study, the high conductivitv (-¿-) o f the wet zone in
I\

the yam pieces might have limited the effect o f the large mass.
(4) T he resistance o f the yam appears to have an inverse relationship with the 

depth o f probe. A s the probes penetrate into the yam piece it is possible to 
detect whether the whole yam piece is dry, is drying or if there is a wet zone 
within the yam piece. The probe length must be able to reach to half the depth of 
the yam piece.

(5) T he m oisture content o f the yam tubers appears to have an exponential 
relationship with the resistance indicated by the probe at a given probe distance, 
depth and mass o f yam. This exponential relationship can be used to calibrate 
the dial o f  the m eter to read moisture content directly.
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Chitosan globules

D O L O R E S  R O D R IG U E Z -SA N C H E Z  a n d  C H O K Y U N  RHA*

S u m m a ry

W e prepared chitosan globules to use as a structural unit or as a means of 
controlled  ingredient release in food products. G lobules were fabricated by 
coagulating drops o f  chitosan solutions (1-2%  w/w chitosan in 3.8-5.6%  w/w  
citric acid solution) in 1 N NaO H . The chitosan solutions, dropped from a 2.9 
mm diam eter tube, resulted in ellipsoidal globules with diameters o f 3 .7-5.1 mm 
and an opaque, whitish appearance similar to that o f cooked white rice. The 
globules contained more than 98% water, about half o f which could be squeezed  
out under com pression.

The force-deform ation test indicated an increase in the strength, elastic 
m oduli, and relaxation time o f fabricated globules when the chitosan concentra
tion was higher in the casting solution. W hen the citric acid concentration was 
higher, elastic m oduli generally increased, but the longest relaxation time 
decreased. The globules sustained up to approximately 0.8 linear strain without 
fracture. Stress relaxation tests showed that the viscoelastic properties of 
globules may be represented by a one-elem ent Maxwell model with a relaxation 
tim e on the order o f 1000 sec and an elastic modulus of 0 .05-0 .27 g/mm

In tro d u c t io n

In many foods, the characteristic textural properties result from a combination  
o f  tw o or more types o f structural units. The structural units are liquid plasma 
surrounded by cell m embrane, and interstitial material in plant and animal 
tissues. T he chewy but tender and juicy characteristic of meat is due to the

A u th o r 's  address: D epartm en t o f N utrition and Food Science. M assachusetts Institute of 
T echnology . C am bridge. M A 02139 U S. A.

* A u th o r to  w hom  correspondence should be addressed.
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protein filament (m uscle cell) enclosed in the protein matrix (connective tissue). 
T he water holding capacity o f muscle cell and the rigid and elastic property of 
connective tissue characterize the texture of meat. In fruits and vegetables, the 
crispy and juicy texture is due to compartmentalization o f watery cellular 
material with a rigid cell wall.

Our objective was to fabricate a structural unit that could compartmentalize 
and sim ulate cellular structure which at the same time would have a broad 
application in food. The structural unit o f particular interest in this study was 
granules (or globules) which could be used individually or aggregated to form a 
cellular structural matrix. A  structural matrix with varying degrees of rigidity, 
which contains water that could be freely released upon com pression, would  
have wide use in production and developm ent of fabricated food. Currently, for 
exam ple, the best fruit structure simulation, prepared with alginate-calcium gel, 
lacks the crispiness and juiciness of natural fruit. Although alginate is one o f the 
m ost rigid gel forming food ingredients known, the gel obviously does not 
provide for a free release o f desirable quantities of water. In the structure 
fabrication o f  meat analogue, the most difficult problem is again to simulate the 
juiciness o f natural m eat. Present technology does not provide a product with 
the juiciness o f meat; instead, most liquid is released quickly in the early stage o f  
m astication leaving dry, unpalatable residue or a mushy texture usually not 
encountered in natural meat.

Chitosan [(l-4)-2-am ino-2-deoxy-/3-D-glucan], deacetvlated chitins in 
various stages o f deacetvlation and depolym erization, was used to make the 
globules for this study. Chitosan is a novel biopolvmer with great potential for 
industrial use due to its amine content or polycationic nature, and because 
chitin, from which chitosan is derived, is the second most abundant organic 
com pound on earth. Since chitin can also be extracted relatively easily from 
crab, shrimp and lobster shells, the seafood processing wastes currently thought 
o f as a nuisance could be considered for specific functional use in food products.

Chitosan has been used to form water insoluble precipitates such as poly
electrolyte com plex with anionic polysaccharide (Fakuda & Kikuchi, 1978; 
B om stein , 1974; Yamaguchi et al.. 1978a); for making gels (Yamaguchi et al., 
1978b; Hirano & O he, 1975; H irano&  Yamaguchi, 1976; H iranoeta/., 1977), as 
w ell as films (Averbach, 1978). Recently, the nature and mechanism o f the 
network form ed by chitosan have been studied (Kienzle-Sterzer, 1980; Kienzle- 
Sterzer. Rodriguez & Rha, 1980) and shown to have a negative deviation from 
n eo-H ook ean  behaviour. The studies also indicated that cross-linking varied 
with the degree o f dilution and spatial configurations o f chitosan chains during 
the film forming process involving removal o f solvent from dilute acetic or 
propionic acid.

Our study dem onstrates an example o f the approach in structural synthesis, 
generally applicable in a wide variety of foods, utilizing the unusual nature o f a 
novel b iopolvm er. W e fabricated a suitable structural unit, globules, with 
m echanical characteristics in the organoleptically acceptable ranges. The pro
cessing conditions which affected the mechanical characteristics were then
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studied. The globules were prepared using a process similar to that developed  
earlier (Tran & Rha, 1979; Tran, 1980). Processing conditions were selected  
based on chitosan's chemical and physical characteristics (M uzzarelli. 1973; 
Filar & W irick, 1978; Muzzarelli, 1977; Averbach, 1978; Kienzle-Sterzer,
1980).

This paper reports mechanical characterization o f a formed chitosan 
structure, chitosan globules, as a first step in synthesizing the structure units 
that can be further fabricated systematically into various food products.

W e conducted com pression tests on the chitosan globules to determine the 
strength o f  the resultant structures fabricated under different conditions; 
specifically, the concentrations o f chitosan and citric acid and the ratios of 
chitosan to citric acid.

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

Preparation o f chitosan solution

Chitosan (F L O N A C -N , V elsicol, Hampton, V A ) was dispersed in citric acid 
(0 .1 9 -0 .2 8  M ) to make 1 .0 ,1 .5 , and 2.0%  w/w chitosan solutions. The solutions 
w ere stirred for 1 hr, allowed to stand at room temperature for approximately 24 
hr, and filtered through a sintered glass filter to remove insoluble materials. The 
casting solution thus obtained was clear and hom ogeneous.

Globule fabrication

T he chitosan solution was allowed to flow through a 2.9 mm diameter 
capillary tube by applying 15 psi. The drops at the end o f the tube were allowed  
to fall into a coagulation bath o f 1 N N aO H . Chitosan drops remained in the 
coagulating bath for 10-15 min to com plete the coagulation in order to develop a 
structure capable o f maintaining the integrity o f the globules. The residence 
tim e in the coagulation bath was selected based on the coagulation rate 
determ ined in a preliminary study. The coagulation rate was 0 .19-0 .15 mm/min 
for 1 .0 -2 .0  w/w%  chitosan in citric acid when the precipitation medium was 1 N  
N aO H . The coagulated globules were collected, washed several times with 
distilled and deionized  water, and kept in water at room temperature for further 
experim entation.

Mechanical characterization

Force-deform ation relationships at deformation rates o f 1, 2, 5, 10 and 20 
m m /m in and stress relaxation at 20% deformation for chitosan globules were 
determ ined under uniaxial compression using an Instron Universal Testing 
M achine M odel 1122 (Instron, Inc., Canton, M A ) at room temperature.
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R e s u lt s  an d  d is c u ss io n

W hen coagulated, the chitosan droplets assumed an ellipsoidal shape rather 
than a perfect spheroid. These somewhat elongated globules had diameters of
3 .7 -5 .1  mm (Table 1). These globules, although much larger, resembled cooked  
rice in colour, size and textural appearance, and sustained more than 80% 
deform ation without rupturing. The chitosan globules contained more than 98%

Table I .  D im ensions o f ellipsoidal chitosan globules*

C asting solution Axis

C hitosan Citric acid Long Short
(% w /w ) ( % w/w) (mm) (mm)

1.1 2 .8 5.1 ±0 .1 4.2 ± 0 .2
1.5 4.2 5.1 ± 0 .1 4.3 ± 0 .2
2 .0 5.6 4.7 ±0 .1 4.4 ±  0.2

1.0 3.8 4.7 ±  0.2 3.7 ± 0 .2
1.5 3.8 4.9 ± 0.1 AO ±  0 .2
2 .0 .3.8 4.9 ± 0 .1 4.4 ± 0 .2

*Chitosan solution dropped through a 2.9 mm 
d iam eter capillary tube and coagulated in 1 N N aO H .

F igure 1. L oad versus strain o f chitosan globules at 2.0%- w/w in 3.8%  w/w citric acid. 
•  . A , O . □ .  V  correspond to 20. 10 . 5. 2. and 1 mm/min compression rate, 
respectively.
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w /w  o f  water ; approxim ately 50% o f the water could be squeezed out when the 
globules were com pressed up to 80%.

M echanical tests on the chitosan globules indicated that under compression, 
the force required to deform chitosan globules increased as compression ratio 
increased (Fig. 1). This increase, and the nonlinear relationships between load 
and strain was a clear indication o f the viscoelastic nature o f chitosan globules.

The stiffness o f  the globules could be controlled with the concentration of 
chitosan, as well as with the amount o f acid used in the solution from which the 
globules were fabricated (Figs 2 and 3). Figure 2 shows that globules fabricated 
from solutions containing higher percentages o f chitosan were harder and 
required higher loads for the same degree o f compression. On the other hand, 
with the concentration o f chitosan held constant, an increase in the citric acid 
content decreased the stiffness o f the resultant structure. This result was 
probably due to the relatively higher concentration o f acid, which would 
increase the net charge on the chitosan backbone and cause the chain to becom e 
m ore expanded, which in turn would produce a more amorphous structure. As 
expected , higher concentrations o f chitosan gave harder globules when the ratio 
o f  chitosan to citric acid was constant (Fig. 3). A  linear relationship existed 
betw een  the required force for a given deformation and the chitosan concentra
tion (Fig. 4).

m m  I I I i I i

0-1 0-2 0-3 0-4 0-5 0-6 0-7
Strom

Figure 2. L oad versus strain  o f chitosan globules at 20 mm /m in com pression rate. • ,  
2%  w/w chitosan in 3 .8%  w/w citric acid; ■ . 1.5% w/w chitosan in 3.8%  w/w citric 
acid ; □ ,  1.5% w/w chitosan in 4 .2%  w/w citric acid; ▲, 1.0% w/w chitosan in 3.8% 
w /w  citric acid.

32
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Figure 3. L oad versus strain of chitosan globules at 20 mm/min compression rate. O . 
□  , A correspond  to  2 .0 , 1.5. and 1.0% w/w of chitosan in 5.6, 4.2, and 2.8% w/w 
citric acid, respectively.

F igure 4. Load versus chitosan concentration of chitosan globules fabricated from 
0.19 M citric acid. A t a com pression rate o f 10 m m /m in. A, • ,  ▼. O  correspond to 
0 .5 , 0.45, 0 .3 , 0.2 linear strain , respectively.



Stress relaxation experim ents were carried out at 0.20 linear strain at a 1000 
m m /m in com pression rate. The globules were suddenly deformed to a given 
constant strain and the stress decay over time was determined to generate the 
data. T he data was applied to a generalized Maxwell model to characterize the 
viscoelastic nature o f the globules. A  generalized Maxwell model is com posed of 
a num ber o f parallel elem ents with a spring to represent the elastic contribution 
and a dashpot to indicate the viscous part (Fig. 5). The rheological equation for
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Figure 5. G eneralized  Maxwell m odel representing stress relaxation behaviour and 
contain ing  a num ber o f parallel Maxwell units each com posed of elastic and viscous 
e lem en ts in series.

a sim ple M axwell m odel can be derived from assuming H ooke's law for the 
spring and N ew tonian law o f viscosity for the dashpot:

cr(t) =  cr„ exp(-Et/ iq)

where

cr(t) =  stress at any time, 
cr(, =  decay stress,
E =  Stiffness or modulus o f the spring,
17 =  viscosity coefficient o f the liquid in the dashpot, and
t =  time;

and replacing the ratio t)/E by T RE, (relaxation tim e), 
o-(t) =  <r„exp ( ~ t / T REL).
The relaxation time is the time required for the stress to decay to l/e times or 
36.8%  o f its original value.

H ow ever, in practice, the single Maxwell unit often is not sufficient to 
describe stress relaxation response o f a com plex viscoelastic network, rather a 
com bination o f a number o f Maxwell units, generalized Maxwell model (Fig. 5) 
is likely to represent the stress relaxation behaviour better. The generalized
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M axwell m odel can be described by:
n

cr(t) =  2  (x, e x p ( - r / r Rt l ) or

n
E(t) =  2  £ i exp (~ t /T RHI )

i  ~  1

being E  =  cr/e where:
E  =  elastic m oduli, and 
e =  strain.

W e used the m ethod o f successive residuals (M ohsenin, 1970) to calculate the 
first three contributions to the elastic moduli and the relaxation times. The 
logarithm o f the stress against time was plotted (Fig. 6). The straight portion of 
this original curve for larger values o f time gives the exponential term for the 
longest relaxation time. The slope o f this straight portion gives the time- 
constant T RE| . The intercept obtained by extending the straight line to the 
ordinate provides the coefficient o f the first term, thus defining this segment of 
the curve (see Fig. 6). N ext, the difference between this straight line and the 
original curve is p lotted on the same sem i-log paper and the first residual curve is 
obtained. Similarly, the second exponential (T REL) and the coefficient o f the 
second exponential term is found using the slope and intercept method. By 
subtracting the corresponding ordinates o f the second exponential line from the 
first residual curve, the second residual curve is obtained. This procedure can be 
repeated several times until the true curve is represented by a sufficient number 
o f exponential terms.

Table 2 shows that the relaxation times of chitosan globules were o f the order 
o f 10:i sec in all cases. Stress relaxation on polymeric materials may be caused by

Figure 6 . Analysis o f stress relaxation by the m ethod of successive residuals to 
de term ine  relaxation times.
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Table 2. Elastic m oduli and relaxation times of chitosan globules

C hitosan
(% w /w )

C itric acid 
( rfw /w ) (g /m m 2)

7 ,
(sec) (g /m m 2)

T,
(sec)

E ,
(g /m m 2)

T,
(sec)

1.0 3.8 0.05 4350 0.13 90 0.03 50
1.5 3.8 0.08 5200 0.17 60 0 .2 0 25
2 .0 3.8 0.17 6950 0.42 35 0.15 16

1.0 2 .8 0.05 4400 0 .1 0 180 0.16 30
1.5 4.2 0 .1 0 3500 0 .2 0 250 0.23 100
2 .0 5.6 0.27 2600 0.35 50 0.41 40

orientation or packing o f free molecular chain segm ents, in which case the 
relaxation tim es would range from 10 9 to 10_:i sec. In addition, stress relaxa
tion may involve physical rearrangement and slippage o f segments included in 
the structure, corresponding to relaxation times o f 102—10"* sec at room 
tem perature (Bartenev & K uznetzova, 1974; Bartenev & Zelenev, 1975). 
T herefore, the relaxation time o f 10:i sec may indicate that rearrangement of 
structural elem ents— such as secondary types o f bonds (electrostatic inter
actions, hydrogen bonds, e tc .) , entanglem ents, or free segments— may be 
responsible for relaxation o f chitosan structure in the globules. This agrees with 
results o f  stress relaxation experim ents reported for many hydrogels commonly 
used in the food  industry (e .g ., agar-agar, agarose, curdlan gels). These 
hydrogels have relaxation times o f 102- 1 0 5 sec when secondary types o f bonds 
are mainly responsible for the network structure (K ondo, Azechi & Kimura, 
1979; W atase & Arakawa, 1968; Miller et al., 1951; Arakawa, 1961). We 
expected  these relaxation times because the chitosan was alkali-precipitated 
during the fabrication process and the precipitation probably resulted in non
specific inter- and intra-molecular interactions. The longest relaxation time, 
representative o f the main relaxation process, increased with an increase in 
chitosan concentration and with a decrease in citric acid concentration.

W e tried a three-elem ent M axwell model; however, for all practical purposes, 
a on e-elem en t m odel could represent relaxation behaviour o f the globules since 
the second  and third relaxation times were insignificant compared with the 
primary relaxation time (Table 2). This implies that the network structure in 
chitosan globules is based primarily on one mechanism.

Plots o f  the logarithms o f Y oung’s moduli versus time (Fig. 7) showed a 
relatively fast decrease o f the moduli with time, suggesting the existence o f free 
chain segm ents. The decay o f Y ou n g’s moduli were nearly parallel regardless of 
chitosan concentration, confirming that the mechanism responsible for the 
relaxation process and the type o f bond remained the same.

In conclusion, we found that:
(1) T he chitosan solution in citric acid formed a white, opaque precipitate. 

W hen coagulated dropwise in N aO H , the precipitate formed ellipsoidal 
globules that contained up to 98% w/w o f water.
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Time (sec)

Figure 7. Y oung 's m oduli versus tim e o f chitosan globules. • .  ■ .  ▲ correspond to 
2 .0 . 1.5. and 1.0 vv/w o f chitosan in 0.19 M citric acid, respectively.

(2) The chitosan globules were viscoelastic; the force-deformation relation
ship was highly strain-rate dependent.

(3) Chitosan globules were more stiff when concentrations of chitosan were 
increased or acid concentrations were decreased.

(4) Chitosan globules responded to an applied stress in a similar manner, 
regardless o f chitosan or citric acid concentrations, molar ratio o f chitosan to 
citric acid, or strain rate.

(5) T he elastic moduli and relaxation time values indicated that physical 
junctions were responsible for the integrity o f the chitosan globules.

(6) The mechanical responses o f the chitosan globules could be represented  
by a single-clem ent Maxwell model.
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Application of multiple linear regression to analysis of data 
from factory energy surveys

A . C. C L E L A N D ,*§ M. D . EARLE+ a n d  I. F. B O A G t

Summary

W hen energy surveys are carried out in factories, the usual method is to install 
expensive m etering equipm ent and to measure energy flows to various parts o f  
the plant. The costs involved in conducting surveys by this method are often  
prohibitively high. This paper describes an alternative survey m ethod which is 
sim ple and inexpensive to use. A n estimate o f energy use for each product is 
obtained  by the use o f multiple linear regression to relate total energy 
consum ption data from existing meters to production of the various products. 
T he accuracy o f the estim ates depends on the form o f the data set collected, 
but in m ost factories accurate values can be obtained for the major products. 
In all seventy-three factories where the technique was applied, it led to a useful 
analysis o f  total energy consumption. A  summary o f data collected in the N ew  
Z ealand food  manufacturing industry by application o f the method is 
presented .

Introduction

C oncern over energy prices, and the possibility o f limited supply have led to an 
increasing interest in the way energy is used and to what extent conservation is 
possib le. Energy use in the food chain is o f great importance if the world food  
supply system  is to be sustainable in the future. Within the food chain, the 
processing factory has been recognized as one o f the major energy consumers 
(L each, 1975). If significant savings are to be made in the food chain, they are 
m ost likely to be achieved by improving the energy utilization efficiency o f the 
processing factories. Therefore the New Zealand food manufacturing industry

A u th o r 's  addresses: D epartm ents o f "B iotechnology. +Food Technology, and t  Industrial 
M anagem ent and  E ngineering , Massey U niversity, Palm erston N orth , New Zealand.
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was surveyed to quantify the energy use and to determine the potential for 
energy conservation within factories.

The survey m ethods used in the past in the food industry can be grouped  
into two broad categories:

(1) G eneral surveys across a group o f factories, or a whole industry where 
the average use in each factory was found from annual production and 
energy consum ption records.
(2) Specific surveys in individual factories where measurements were taken 
within various parts o f the factory to establish the energy flows. Data from 
surveys o f this type are often incorporated within general surveys to illustrate 
how the average energy use can be broken down into com ponents.

W ithin the New Zealand food processing industry, general surveys were 
previously conducted in the meat industry (Pearson & Pilling, 1975) and the 
dairy industry (Vickers & Shannon, 1977). In each case som e specific surveys 
w ere carried out.

The traditional m ethod used to carry out specific surveys is to meter various 
parts o f the processing factory so that the energy use in each can be established, 
and related to production. Surveying energy use in this manner has a number 
o f disadvantages.

(1) The cost o f purchasing, installing and calibrating metering equipment is 
substantial.
(2) The installation o f metering equipment may require a shut-down o f  
production.
(3) Skilled personnel are required, and the time involved in planning and 
conducting a survey o f this nature is substantial.
(4) Such surveys are normally o f short duration because o f their complexity. 
D ata collected over a short time period may not be representative o f the 
average energy consum ption over a longer time period.

N evertheless, such detailed surveys produce a breakdown o f the total energy 
used directly in processing between different parts o f the process, and by 
subtracting the energy used in processing from the total energy use, the 
baseload or non-productive energy can be found.

W ithin the N ew  Zealand food industry, very few specific surveys o f this 
nature have been carried out because few com panies consider that the 
substantial cost involved in a survey will be justified by the opportunities for 
conservation that may be uncovered. An alternative survey method that is 
cheap and sim ple to use is more likely to be adopted. This paper describes a 
m ethod  developed  to m eet these criteria, and its application in seventy-three 
factories within the N ew Zealand food manufacturing industry.
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S u r v e y  m e th o d o lo g y

A s the cost o f  metering equipment is one o f the major problems in initiating 
detailed  surveys, it was considered important that the new method should use 
only existing m ethods o f recording energy use and production. Most com 
panies approached recorded production o f their various products on a daily 
basis, but few recorded energy use at all. H owever, energy metering 
equipm ent always existed to enable the supplier o f each energy form to 
m easure the consum ption in the factory. In the case o f electricity, total 
consum ption could be read from the meters installed by the supplier and there 
was som etim es a division between day and night rates, and types o f use. 
O ccasionally som e areas o f factories were sub-metered. Similarly total gas use 
could be read from the supplier’s meter. Deliveries o f fuel oil were normally 
m ade to bulk storage tanks for which the tank manufacturer supplied a 
calibrated level m easurement system by which the volume o f oil in the tank 
could be m easured. If oil was not metered in any other manner, total use could 
be m easured by reading the change in oil volum e in the storage tank. Only one 
factory using coal was surveyed by the authors, and in this the number of 
‘barrow loads’ o f  coal was used as the measure.

It was therefore possible to measure use o f all energy forms using existing 
equipm ent. A s production was normally recorded on a daily basis, the extra 
effort involved in recording daily energy use was minimal and raw survey data 
giving both daily production and energy use were easily collected in any 
factory over significant time periods. Data collected in this way cannot be 
analysed by the sam e m ethods as are used to analyse data from surveys using 
com prehensive metering. The analysis method developed by the authors uses 
m ultiple linear regression to m odel the energy consumption as a function of 
production.

T he total daily use o f any energy form in a factory can be considered to be the 
sum o f  several com ponents. The first o f  these is the use in non-productive 
activities which is a more or less constant amount each day and is referred to as 
the baseload. For electricity, it includes use in lighting, in staff am enities, in 
offices and laboratories, and the electricity used to maintain cold stores and cool 
stores within the factory. Baseload boiler fuel consumption includes the fuel 
used in start-up o f boilers, in preheating the steam reticulation system , and in 
the supply o f  hot water for cleaning. For direct-fired equipm ent, baseload fuel 
consum ption includes the energy used in start-up, and that used to overcom e 
heat losses during the day.

T he other com ponents o f the daily energy use are those o f direct use in 
processing the various products. This is the amount o f energy consumed by the 
processing equipm ent in transforming the raw material into the finished 
product. W here detailed measurements are taken, the direct use for each 
product and any variation in it from day to day are measured. If sufficiently 
detailed data are collected , the direct use can be partitioned between the parts o f
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the process. The baseload is determined by subtracting the measured direct use 
com ponents from the total energy use in these detailed surveys.

M athem atically the model o f energy consumption and its relationship to 
production is given by:

v =  b(, + b \X\ +  b2x> . . . +  b„x„ (1)

where v =  total energy use per day (or whatever time period is used) (MJ/day) 
bt) =  baseload energy use per day (MJ/day) 
x„ =  production rate o f product n (kg/day) 
b„ — direct energy use per unit production of product n (MJ/kg).

This m odel assumes that baseload energy use is independent of the rate of 
production, and does not vary from day to day. In practice, it has been found 
that this is true for days on which production is occurring (working days). The 
baseload energy consumption therefore represents the energy cost of having 
processing facilities available for use.

The other assumption in the model is that the energy used for any one product 
is independent o f the energy used for all others. Unless heat recovery systems 
exist which transfer energy recovered from one process to another process for a 
different product, this assumption is valid. In the factories surveyed by the 
authors, no heat recovery systems o f this nature existed.

If daily energy use data, and daily production data are collected over a 
num ber o f days then the relationship between the energy consumption pattern 
and the production pattern will be explained by eqn (1). The ‘best fit' relation
ship can be determ ined mathematically by application o f multiple linear 
regression to find the values o f b0, b , . . . b„ that give a minimum for the sum of 

where y, is the actual energy consumption on the ith day, and y : is the 
corresponding predicted value from eqn (1). The arithmetic involved is too  
tedious for hand calculation but regression routines are available on most 
com puters.

T he data generated by the application o f regression are the average daily 
baseload, and the average direct use in processing for the various products. The 
accuracy with which these values are determined depends on three factors: the 
size o f  the data set, the random error and the range o f production rates over 
which m easurem ents were made.

R egression is an averaging procedure for which the accuracy o f a mean value 
depends on the size o f the data set. For such procedures, adding more data will 
increase the accuracy o f a mean. In the situation where the accuracy o f the 
m eans are limited by random error as well as the size o f the data set, there is no 
advantage in increasing the data set beyond the point where the random error 
becom es the limiting factor. The authors have found by experience that the 
optim um  size data set is usually 5 to 10 times the number o f products, with a 
m inim um  o f 15 to 20 days data. For example for factories producing less than 
three different products, satisfactory data can usually be obtained from 20 
w orking days, but for ten products 50-100 days are required.

A. C. Cleland, M. D. Earle and I. F. Boag
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The term ‘random error' is used to describe the deviations in energy use on 
any day that apparently do not depend on the production pattern and are 
therefore not explained by the model. The energy used to process a particular 
product is not constant from day to day. but varies around the mean value. In 
surveys where detailed measurements are taken, the day to day variations are 
actually m easured, and an average can be calculated. In the simple surveys using 
data analysis by regression, only the average is calculated and the net effect of all 
the day to day variations in energy usage rate for the various products is seen as 
the random error, or the energy use not explained by the model.

The random error is important because it ‘masks’ the changes in energy 
consum ption that can be related to production. An equivalent situation occurs 
w here a best-fit line is to be constructed through a scattered set o f data on a 
graph. The more scattered the data the less certain one can be that the best-fit 
line (how ever determ ined) is the correct line describing the relationship 
betw een  the two variables. Most regression routines, as well as calculating the 
coefficients (f>() . . . b„)  also calculate the standard deviation o f these 
coefficients which represents the uncertainty in them. If the data set includes a 
sufficient number o f daily readings a 95% confidence interval for each 
coefficient can be established as ±  2 standard deviations. This confidence 
interval takes account o f both the variation in energy use from day to day for 
that product, and the random error introduced by fluctuations in energy use in 
other parts o f  the factory.

The third factor affecting the accuracy of the estimates of average energy use 
for the various products is the range o f production rates over which measure
m ents were m ade. In any situation where it is required to establish the 
relationship betw een two variables the testing should be carried out over as 
great a range o f the independent variable as possible. Similarly, if the relation
ship betw een energy consumption and the rate of production for a particular 
product is to be established the energy use per unit production will be most 
clearly differentiated from the random error if data are collected over a wide 
range o f production rates. The best data sets for analysis by regression are 
therefore those with the maximum variation in the production pattern for each 
o f  the products over the survey period. The standard deviations o f the 
coefficients calculated from data sets o f this nature will be smaller than for those 
in which production rates do not vary greatly. This is because the change in 
energy use is proportional to the change in production rate, so large changes in 
production rate will lead to large changes in energy use. These will be more 
easily distinguished from the random error than small changes in energy use due 
to small changes in production rate.

R e s u lt s  a n d  d isc u ss io n

Examples o f the method

T he survey m ethod was applied by the authors in seventy-three New Zealand  
food  factories. A  typical data set is shown in Table 1. Because some o f the
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readings represented more than one day’s production, the regression model was 
slightly changed to allow for this.

y  =  box» +  6 ,.v, +  . . . 65.V5 (2 )

w here .to =  number o f days represented by each set of readings. The resulting 
equation  was:

y =  1260-Vo +  5 10.vi +  220x2 +  5800x:i +  220x, +  400x, (3)

Table 1. Electricity consum ption (M J) and production (tonnes) in a five 
p roduct factory

Production (tonnes)
N um ber o f days Electricity u s e -----------------------------------------------
covered by reading (M J) x , x., x :t .v4 ,v-

1 8593 11.8 0 0.2 0 0
1 8114 10.4 0 0 0 0
1 8784 10.3 7.9 0 1.7 0
1 8136 9.4 6.1 0 0 0
2 5976 3.9 5.2 0 0 0
2 9907 11.8 10.8 0 0 0
1 8914 8.7 10.7 0 0 1.9
1 7272 6.0 8.6 0 1.0 0
i 7272 9.9 5.2 0 0.5 0
3 7675 6.3 3.2 0 0 0
1 8417 12.6 6.1 0 0.3 0
1 7783 10.8 4.8 0 0 0
1 8845 9.5 12.1 0 0 2.3
3 7096 5.4 5.6 0 0 0
1 8831 11.0 10.2 0 0 0
1 6847 10.8 3.9 0 2.1 0
1 6228 10.5 5.7 0 0 0
1 7416 9.7 0 0.3 0 0

Table 2. E stim ated electricity use and 95% confidence bounds for the 
data  set shown in T able 1. All data in M J/kg except baseload data 
which are in M J/day

Product
E stim ated 
energy use

Lower 95% 
confidence bound

U pper 95% 
confidence bound

1 510 400 620
2 220 80 360
3 5800 -2 2 0 0 13700
4 220 -4 6 0 900
5 400 -2 9 0 1080

B aseload 1260 770 1750
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The standard deviations for the coefficients are given in Table 2. Both the 
regression coefficients and the 95% confidence interval, were examined in terms 
o f  the form o f the data set, and in relation to what was known about the energy 
using equipm ent on the processing line.

Product 1 was the major product manufactured in the factory and accounted  
for the largest com ponent o f the total electricity use. The random variations in 
the electricity used for other products did not mask the change in electricity 
consum ption when the production rate o f this product changed. The value of 
510 M J/tonne was consistent with the size o f the motors, heaters etc. used in the 
process.

Product 2 follow ed a much less energy-intensive pathway than product 1, and 
although produced in substantial quantities, its contribution to total electricity 
consum ption was smaller than that o f product 1. The change in electricity use 
with change in production rate o f 2 was therefore masked by the random  
variation in the data far more than was the case for 1. This is why the confidence 
interval is much wider. H ow ever, when the actual calculated value o f 220 
M J/tonne was exam ined in the light o f what was known about the process, and 
com pared to the consum ption rate for product 1 it was considered that the true 
energy consum ption rate was probably close to the estimate o f 220 M J/tonne.

Products 3 ,4  and 5 were all subject to major uncertainties, but examination of 
the raw data in Table 1 shows the reason. All these products were produced in 
small quantities, and on a small number o f days. Their influence on the overall 
energy consum ption pattern was therefore small, and almost com pletely  
m asked by the random variation. For exam ple, product 3 was produced on only 
2 days during the survey period. If the energy used to produce product 1 on these 
days was m ore than the average predicted by the m odel, the nature o f the model 
is such that it would assume that this increase in use was due to product 3. 
C onversely, if product 1 required less energy on these two days than average, 
the m odel would assume that the shortfall in use was due to product 3 and give a 
negative coefficient. This illustrates clearly the three effects discussed earlier —  
size o f  the data set, random error, and range o f production rates. The size o f the 
data set is too small (2 points for product 3), the range o f production rates is too  
narrow (0 to 0.3 tonnes), and the random error resulting from variation in 
energy use in other parts o f the factory swamps the change in energy use due to 
production o f 3.

For product 5, the range o f production rates is greater (although the number 
o f data points is the sam e), and a narrower interval has been calculated. The 
data set for product 4 is larger and the bounds are narrower than for 3. Product 5 
is similar to product 1, and in fact follows about 80% of the same processing path 
so the value o f 400 M J/tonne is probably close to the true consumption rate for 
this production in spite o f the wide confidence interval. The processes for 
products 3 and 4 are similar, and on the basis of the equipment used would be 
expected  to be less energy intensive than product 1.

A nother problem  that limits the application o f regression is correlation 
betw een the production rates o f various products. If two (or more) variables



488 A. C. Cleland, M. D. Earle and I. F. Boag

always appear in a fixed pattern e.g . production o f A is always double that o f B 
then it is not possible to identify their separate contributions. Any attempt to do 
so will produce m eaningless results. In this case, the correct procedure is to drop 
on e o f  these inputs out o f the equation and recognize that the other term is now  
estim ating the com bined energy consumption o f the two products. When this 
happens, the two variables concerned are said to be aliased or confounded. 
Similarly if the production rate o f A never changes then its energy consumption 
cannot be separated from the baseload. The correlation does not have to be 
100% perfect to cause problems -  where there are two variables with similar 
trends in their production patterns putting both o f them into the equation will 
not give good estim ates o f their coefficients.

Thus it can be seen that there is no guarantee that the method will accurately 
estim ate the average direct use in processing for all products. However, it gave 
the most accurate data for products with processes using the major amount of 
the factory energy, and the least accurate information for minor products with 
low  levels o f  energy use. W here data from detailed measurements did exist these 
agreed with the coefficients derived by regression.

Improving estimates

There are three ways to improve the estimates of energy use for minor 
products. Firstly, more data could be collected at times when the minor 
products are produced in greater quantities. The second option is to state that as 
the procedure cannot distinguish the energy used by the problem product this 
energy must have been added into the baseload. The production data for this 
product would therefore be deleted from the equation and the regression 
repeated. The third option is to group minor products to calculate an average 
estim ate for the group as a whole. The combined data will be more extensive, 
and there is a higher probability that energy use for the group will be dis
tinguishable from the random error than was the case with individual products.

For the data set in Table 1. the similarity between products 3 and 4 was noted  
and the regression repeated with these products grouped together. The resulting 
coefficients and 95% confidence intervals are shown in Table 3. The new

Table 3. E stim ated electricity use and 95% confidence bounds for the 
da ta  set show n in Table 1 after regrouping of m inor products. All data 
in M J/day except baseload data which are in M J/day

Product
E stim ated 
energy use

Lower 95% 
confidence bound

U pper 95% 
confidence bound

1 550 460 640
9 160 50 270
3 + 4 200 -5 0 0 900
5 500 - 2 0 0 1200

Baseload 1280 780 1780
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average estim ate made physical sense and was more accurate than either o f the 
previous individual estim ates. H owever, the estimated energy use rates for 
products 1 and 2, and the baseload were altered.

This is an important result as it illustrates one o f the problems in applying 
regression. B ecause the data set is non-orthogonal any change made in the 
production pattern by regrouping will lead to some change in the regression 
coefficients.

The recommended method

In situations where a linear regression model is being applied to a non- 
orthogonal data set the best m odel can only be found by trial and error. The best 
m ethod is to start with all possible products included, and then work down, by 
grouping products until the final m odel is reached. The best model has as few 
coefficients as possible and all the coefficients in this model contribute 
significantly to the reduction in the sum of squares of the residuals (the dif
ference betw een  the actual energy use on a particular day, and that predicted by 
the regression m odel is termed the residual). N o other coefficients that could be 
introduced would reduce the sum of squares o f the residuals. Statistical methods 
for testing the significance o f individual coefficients can be found in most 
statistics textbooks, but the ultimate yardstick in energy surveys is whether the 
estim ate o f the energy consumption rate is consistent with the known or 
estim ated energy use by the processing equipment.

In sum m ary, the m ethod m eets the criterion o f a simple and inexpensive data 
collection  system  that uses only existing metering. In som e situations the 
precision with which the energy consumption rate can be determined is less than 
that obtainable with detailed measurements. H owever, as the processes and 
products with high usage are shown, detailed measurements if made, can be 
concentrated in the important areas, and therefore used more effectively. 
Further, the m ethod provides a simple method for monitoring energy use on a 
continuing basis to ensure that the utilization efficiency does not fall. Follow-up 
from detailed surveys after metering equipment has been removed cannot be 
carried out in any other way.

Application o f  the method

O ver a period o f 1 year, the authors applied the method in seventy-three 
factories, and in each case were able to achieve a useful subdivision of energy 
use. Such a wide coverage would not have been possible in any other way. The 
data from these surveys together with data from a postal survey o f annual 
production and energy use for other factories enabled the authors to determine 
the average energy use for som e sixty product types within the food manufactur
ing industry. The more important o f these data are shown in Table 4, and the 
detailed data are available elsewhere (Cleland & Earle, 1980).

3 3
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T able 4. Energy use in factories o f the New Z ealand food m anufacturing industry excluding 
in tra-factorv  tran spo rta tion . All data expressed as M.l o f purchased energy per kg of finished 
product. N o distinction  is m ade betw een boiler fuel, and fuel used in direct-fired equipm ent

P roduct type

Fuels Electricity

Total
D irect use 
in processing

A llocated
baseload

D irect use 
in orocessing

Allocated
baseload

H am  and bacon* 6.7+ 1.8+ 8.5
Processed meats* 3.5+ 1.0 + 4.5
Frozen poultry 0.61 0 .2 2 0.61 0.70 2.1
Fresh poultry 0.61 0.18 0.11 0.65 1.6
Ice c ream i 0.26 0.38 0.36 0.948 1.9
Frozen vegetables 1.70 1.61 0.81 1.838 6 .0
C anned  fruit and  vegetables 2.70 1.06 0 .22 0.40 4.4
O th e r canned products 2.58 1.06 0.28 0.40 4.3
D ehydra ted  vegetables 38 9 3.4 1.1 51.5
Frozen w hole fish and fillets 0 0 .8 0.63 2.608 4.0
Processed fish products 2 .8 2 .0 1.1 2.18 8 .0
Fishm eal 12.1 1.2 1.3 0 .2 14.8
G rain  milling (w heat only) 0 0 0.17 0 .02 0 .2
B reakfast cereals 5.3+ 0.7+ 6 .0
Bread* 1.65 0.80 0.13 0.09 2.7
C hoco la te , sugar and gum

confectionery 7.8+ 1.9+ 9.7
P o ta to  crisps 15.7+ 1.9+ 17.6
D ehydra ted  lucerne pellets 13.0+ 0.5+ 13.5
O th e r  pelletized anim al

feeds** 0.13 0.07 0.08 0.04 0.3
C anned  pet foods 2.33 1.24 0.16 0.47 4.2
D istilled spirits++ 2 0 + 0 .8+ 20 .8
Wine+ 1.39+ 0.53+ 1.9
Soft d rin k si 0.19 0.40 0.07 0 .12 0 .8
R efined sugar 3.83+ 0.17+ 4.0
Processed fats and oils 7.0+ 1.5+ 8.5
Pasta products 3.3+ 1.0 + 4.3
Instant coffee 45+ 2.7+ 47.7

‘ D ata  rep resen t the m ajo r part o f the industry, but are not representative of the industry' as a 
whole.

+ A lthough  the division o f energy consum ption into baseload and direct use in processing could 
be m ade in som e factories, insufficient data existed to  accurately estim ate the division for the New 
Z ea land  industry as a whole.

¿D ata  in M J/litre.
§Includes energy used in refrigerated storage at the factory after processing but prio r to 

d istribu tion .
A verage for canned fish, sm oked fish fillets, and battered , reform ed fish products.

“ From  dry raw m aterials.
¿¿D a ta  in M J/p roo f litre.



For the data in Table 4 the allocation o f baseload or non-productive energy 
use was obtained by dividing the total baseload energy use over the survey 
period by the total production o f all products in the factory over the same 
p en o d . W here a division into direct use and baseload com ponents is not given, 
this is because the number o f factories surveyed in detail was too few for the 
results from these surveys to accurately represent the industry as a whole. For 
exam p le, for breakfast cereals detailed data were collected from only two of the 
five m ajor factories in New Zealand whereas the other three provided data from 
plant records.

T he suitability o f the m ethod for obtaining large amounts o f useful informa
tion in a short time using only existing metering equipment has been recognized 
by the N ew  Zealand Energy Research and Developm ent Committee on whose 
behalf a report for com panies to use in planning and running their own surveys 
has been prepared (Cleland & Boag. 1979).

Other applications o f regression

D ata analysis by regression is not limited to energy surveys, the m ethod can be 
used to assess the individual contributing com ponents to any total. The authors 
have used it in factory water surveys to sub-divide water use between the various 
product lines. It was also used to determine the relationship between the yield of 
an animal feed meal produced in a meat slaughter plant and the various sources 
o f offal passed to the feed meal processing line. Doubtless, other applications 
exist.
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C o n c lu s io n s

T he survey m ethod developed is a simple and cheap alternative to surveys 
carried out by detailed m easurements. It provides estim ates o f the direct use in 
processing for all products and an estimate o f baseload energy consumption 
using only data from existing metering. It gives most accurate estimates of 
energy consum ption rate for products using major amounts of energy. The 
accuracy o f data for minor products can be improved in som e cases by grouping 
o f production data. The method led to a useful analysis o f the total energy 
consum ption in all factories where it was used.
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Effect of pH and prefreezing treatment on the texture of 
yellowtail rockfish (S ebastes fla v id u s) as measured by the 
Ottawa Texture Measuring System

D . E . K R A M E R * a n d  M. D. PETERS

S u m m a ry

Texture is very important to the organoleptic quality o f fish products. Poor 
frozen storage conditions or improper prefreezing treatment can result in un
acceptably tough fillets. With som e species, undesirable soft, mushy texture 
develops during chill storage.

This study is concerned with the influence o f treatment prior to freezing 
(sam ples were frozen pre-rigor, in-rigor, post-rigor and after 6 days' chill 
storage in ice or refrigerated sea water) on the texture o f yellowtail rockfish 
stored frozen as w hole gutted fish or as fillets. The effect o f  pH was also studied. 
Texture was m easured objectively using the Ottawa Texture Measuring System  
on sam ples stored for 6 months at -2 8 °C .

A  very good negative correlation was found between pH level and toughness 
as m easured using a Kramer shear-compression cell in the Ottawa Texture 
M easuring System . Fish stored in refrigerated sea water prior to freezing were 
appreciably more tender. There was no statistical difference in texture (shear 
press force) values between samples stored as whole fish versus samples stored 
as fillets.

In tro d u c t io n

T he influence o f pH on the texture o f fish muscle was first discussed by Little 
(1965). H e found that for fish frozen quickly (after 3 days on ice) and stored 
frozen at — 29°C. lower pH fish had greater drip and a tougher texture. Work by
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Cowie & Little (1966) showed that for cod fillets stored frozen at -2 8 °C . protein 
solubility is not a good measure of texture changes as the influence o f pH is more 
important. A  later report (Cowie & Little. 1967) on cod fillets stored at —7 and 
-  14°C show ed that protein solubility decreases faster and toughness increases 
faster at — 7°C than at — 14°C. They concluded that both protein solubility and 
pH m easurem ents are needed to assess toughness.

The relationships o f fish muscle texture, pH levels and values obtained from 
the cell fragility test were studied by Kelly et al. (1966). High muscle pH 
correlates with soft texture and low cell fragility values, while low muscle pH 
correlates with firm texture and high cell fragility values.

Connell & Howgate (1968. 1969) used both sensory and objective tests to 
measure the quality o f frozen stored North Sea cod and North Sea haddock. 
From analysis o f their data, they obtained equations for the relationship 
betw een firmness as measured by a sensory panel and pH. In order to determine 
the effect o f frozen storage on firmness, they used these equations to correct the 
firmness scores to the same nominal pH.

K .O . Kelly (1969) investigated the influence o f pH on cold storage deteriora
tion during frozen storage o f cod fillets (at three different temperatures) and 
concluded that lower pH fillets deteriorate more rapidly. T .R . Kelly (1969), 
using cod fillets stored at — 7°C, reported that for high pH cod, shelf life of the 
fish was limited by flavour changes whereas for low pH fish, the fillets became 
unacceptably tough before flavour changes limited shelf life.

The influence o f muscle pH. moisture content, protein content and size offish  
on texture o f the cooked flesh (o f Atlantic cod) has been studied by Love et al.
(1974). They found pH correlated best with cooked texture and concluded that 
it is important to know the annual variation of the ultimate post-mortem pH of 
fish from each ground in order to select good ones for freezing. Work by 
Brem ner, Laslett & Olley (1978) showed that the dividing line of Cowie & Little 
(1967) on a plot relating protein extractabilitv to pH, could be used to separate 
tough from soft sam ples for minced flesh of sixteen species o f Australian fish.

A  com prehensive discussion o f the definition and measurement o f food 
texture has been given by Kramer (1973). Szczesniak (1973) reviewed  
instrumental m ethods o f measuring texture. As m entioned by Gould & Peters
(1971), no single objective test for texture offish  muscle has proved com pletely  
reliable. H ow ever, Bosund & Beckeman (1972) found good correlation 
between shear press values and panel evaluation o f toughness in cod stored at 
-1 0 °C .

The process o f rigor mortis in fish and its effect on keeping quality has been 
reviewed by Am lacher (1961). In previous work (Kramer & Peters, 1979) on 
comparison o f the frozen storage characteristics o f two species o f Pacific rock- 
fish, we found that cooked samples o f muscle from fish filleted and frozen 
im m ediately after catching (pre-rigor) were much tougher than those from fish 
filleted after chill storage in either ice or refrigerated sea water (RSW ). The use 
of a tripolvphosphate dip improved the texture but did not com pletely alleviate 
this toughness.



495

The present investigation is concerned with the effect o f pH and stage o f rigor 
when frozen on the texture o f cooked muscle from the yellowtail rockfish, 
Sebastes flavidus. W hole, gutted fish as well as fillets were studied to determine if 
texture is affected by freezing and thawing o f the fillet as opposed to freezing 
and thawing while it is attached to the skeleton o f the fish. An objective 
m easurem ent o f texture, the Ottawa Texture Measuring System (OTM S) using 
a Kramer shear-com pression cell, was used for this work.

Texture ofyellowtail rockfish

Materials and methods

Material

The sam ples o f yellowtail rockfish. Sebastes flavidus were caught in April, 
1978 in Q ueen Charlotte Sound using a bottom trawl. Depths o f the tows were: 
start at 70 fathom s to finish at 59 fathoms and start at 69 fathoms to finish at 82 
fathom s.

Preparation o f fish samples

Fish sam ples (fillets and whole gutted fish) were prepared from fish at five 
different stages o f chill storage: (1) pre-rigor fish, (2) in-rigor fish. (3) post-rigor 
fish, (4) fish held 6 days in ice, (5) fish held 6 days in refrigerated sea water 
(R SW ). The sam ples consisted o f ten pairs o f fillets and ten whole, gutted fish 
(head on) for each o f these treatments.

The fillets were cut from ten fish, skinned, washed with fresh water and placed 
into polyethylene bags (the two fillets from each fish were put together in one 
bag). The remaining ten fish were gutted (head on), washed with fresh water and 
placed individually in polyethylene bags. The fillets and gutted fish were then 
frozen in a vertical plate freezer. The gutted fish were then glazed with fresh 
water (kept at 0°C with ice) and wrapped in two polyethylene bags. Both fillets 
and gutted fish were stored in covered plastic tubs at -28°C .

p H  measurement

Fish fillets were placed inside two plastic bags and thawed in a 20°C water bath 
for 2 hr. W hole fish were thawed in the same manner except that thawing time of 
3 hr was used. A fter thawing, the whole fish were filleted and the fillets skinned. 
A ll fillets were washed in fresh water and patted dry with paper towelling prior 
to m easurem ent o f the pH.

A  M etrohm  Herisau m odel E488 pH meter equipped with a Metrohm EA 152 
com bined electrode assembly was used for all pH measurements. The electrode 
was inserted directly into the muscle at approximately the centre of each fillet.
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Texture o f the cooked muscle was measured objectively using the Ottawa 
Texture M easuring System (V oisey, 1971). This instrument is very versatile and 
has been used for many research applications (V oisey, 1977). Exploratory work 
on m easurem ent o f the texture o f canned herring indicated that the Kramer 
shear-com pression cell and the OTMS 15 cm 2 4-wire grid were useful for 
showing texture differences (V oisey, 1972). Bilinski, Lau & Jonas (1977) used 
the OTM S (with Kramer shear-compression cell) to determine the firmness of 
various com mercial canned herring products. Tomlinson et al. (1976) used this 
instrument to compare the tenderness of the cooked flesh of five species of 
Pacific rockfish.

W e used a Kramer shear-compression cell modified to a four-blade size 
rather than the full ten-blade size. Texture was recorded using a Davtronic 
M odel 300D Transducer Amplifier-Indicator in combination with a Riken 
D enshi Speedex Recorder.

Six pieces, approximately 1” x  2 ” x  V2 '', were cut from each fish (three 
pieces from the centre of each fillet). The pieces were wrapped individually in 
aluminium foil and steam cooked for 10 min, then cooled for 30 min. The 
cooked  muscle for each fish (six pieces) was flaked by hand to uniform pieces 
approxim ately W ' square and mixed thoroughly. A  15-g sample of this 
mixture was packed in a uniform layer in the cell and the texture measured. 
D uplicate analyses were done for each fish (triplicate if the results o f the 
duplicates were not in good agreement).

Texture measurement

Statistical treatment o f the data

A ll statistics were calculated using a Hewlett-Packard M odel 9100B 
Calculator. Student’s f-test and analysis of variance (both single factor and 
double factor) were used to compare texure values obtained for fillets with 
those obtained for whole fish. Treatments prior to freezing (time and method  
o f holding) were com pared by analysis o f variance.

Linear regression lines and correlation coefficients (r)  for the relationship of 
texture to pH were calculated using Hewlett-Packard STAT-PAC Volum e 1 
Program I V - 1.

Results

T he effect o f  treatment prior to freezing and storage for 6 months at -  28°C of 
w hole gutted S. flavidus is shown in Fig. 1 (the solid bars). The fish is slightly 
tougher if frozen in-rigor compared to freezing before or after rigor. Chill 
storage in ice or in refrigerated sea water results in a more tender fish, with the 
fish held in refrigerated sea water having the lowest shear press force values. 
Table 1 gives the range o f texture values for each group of fish and shows the 
large variation among individual fish.
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Figure 1. A  com parison o f the tex ture  (as m easured by the O ttaw a Texture 
M easuring System using a K ram er shear-com pression cell) o f S. flavidus frozen for 6 
m onths at -2 8 °C  as whole gutted fish o r as fillets a fter various periods o f chill 
sto rage. T he crosshatched bars are for fillets and the solid bars are for whole gutted 
fish.

The effect o f  prefreezing treatment o f S. flavidus on the frozen storage of 
skinned fillets is shown by the cross-hatched bars in Fig. 1. Fillets from pre
rigor fish were toughest. A s was the case for fish stored frozen as whole gutted 
fish, fillets from fish held in chill storage were more tender than the other 
sam ples. A gain , muscle from fish held for 6 days in refrigerated sea water had 
the lowest shear press force values. The range o f values for each group o f fillets 
is given in Table 1.

In four o f  the five groups (excepting only the samples prepared from in-rigor 
fish), the m uscle frozen as fillets was on the average tougher than the muscle 
frozen as w hole gutted fish (see Fig. 1). H owever, statistical analysis using the 
Student's t-test and analysis o f variance showed that the only statistically 
significant difference was for the samples from iced fish.

B oth the highest mean shear press force value and the highest individual 
shear press force value came from the pre-rigor fillet group (Table 1). The 
statistical significance o f the differences due to treatment prior to freezing were 
determ ined using D uncan’s multiple range test and the results are indicated in 
the last two footnotes given for Table 1. For both frozen fillets and frozen 
w hole gutted fish, S. flavidus held in RSW  were significantly softer than the 
other sam ples. For the samples frozen as whole fish, those gutted and frozen 
in-rigor were significantly tougher than those gutted and frozen post-rigor or 
after being held in ice or RSW .

Figures 2 and 3 show the relationship o f texture to pH for each chill storage 
period. Each value plotted in these graphs represents one fish. Correlation 
coefficients for the linear regression lines plotted in these graphs indicate very
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T a b le  1. O ttaw a Texture M easuring System (OTM S) values for S. flavidus 
s to red  frozen as fillets and as whole gutted fish for 6 m onths at -28°C  after 
various periods of chill storage

Texture

H olding
m ethod

Fillets W hole fish

M ean* Range Mean* Range

Pre-rigor 75.39 ( 16.68V' 47.2— 103.4 68.27(14.15)" 42.0—91.4
In-rigor 66.95 (11.03)“ 56.3— 92.3 7-, 17(11,75)d 58.3— 94.4
Post-rigor 66.83(16 .35)“ 41.3— 87.9 62.49 (9.56)'-' 47.5— 81.9
Iced 6  da vs 63 .28(8 .48)“ 41.9— 70.7 51.86(12.98)' 36.3— 75.3
R SW -held

6  da vs 42.90 (5 .08)b 35.2— 51.8 38.24(8.97)^ 25.5—54.1

“Each value represents ten fish. S tandard deviations are given in 
paren theses.

h The m ean values having the superscript J are statistically not 
significantly d ifferent from each other. The mean value having the superscript 
b is statistically significantly different from each o f the values given the 
su p e rsc rip ta.

<i. o. t. i! -j-jjg m ean values having these superscripts are statistically 
significantly d ifferent from each o ther as follows: c not significantly different 
from ll o r l . ll significantly different from ' .  1 significantlv different from all 
o th e r values and s significantly different from all o ther values.

loc -  p
A

0 ac -a

20  - Y - - 6 5 -9 8  t + Y - -  51-45 X  +
5 0 5 -8 5 4 0 6 - 0 5

r  -- -0 -7 8 r - - 0 -80
10 - —

Y-- -6 6 -2 9  A 'r
496-19 

r -0 -9 0r
I _____L_____ I LJ_____ :______!_____ I______I |_]______I_____ I_____J ____ J6-1 6-3 6-5 6-7 6-9 6-1 6-3 6-5 5-7 6-9 6- 6-3 6-5 6-7 6-9

OH

Figure 2. T he relationship  betw een texture (as m easured by the O ttaw a Texture 
M easuring System using a K ram er shear-com pression cell) and pH  for S. flavidus 
frozen (a) pre-rigor, (b) in-rigor and (c) post-rigor and held for 6  m onths at -28°C . 
A . w hole fish: • .  fillets.
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PM
Figure 3. T he relationship  betw een texture (as m easured by the O ttaw a Texture 
M easuring System using a K ram er shear-com pression cell) and pH  for S. flavidus 
held 6  days in ice (a), o r 6 days in refrigerated sea w ater (b). prior to  freezing and 
storage for 6 m onths at -28°C \ A . whole fish; • .  fillets.

good  correlation between shear press force values and pH for each o f the 
different chill storage periods.

T he linear regression equations and correlation coefficients shown in Figs 2 
and 3 are calculated using data for both whole gutted fish and fillets. Equations 
and r  values calculated for each o f these chill storage groups using data based 
on sam ples stored as whole gutted fish only or stored as fillets only is given in 
Table 3. For each group, the equation obtained for whole fish was compared 
statistically to the equation obtained for fillets. Comparison o f slopes and 
elevations o f these equations, using methods described by Zar (1974), resulted 
in the conclusion that in each case one line can be used to describe the 
relationship o f  shear press force values to pH (hence the single line and 
equation given for each plot in Figs 2 and 3). Significance levels shown in Table 
3 for b (T  =  bx +  a) o f the linear regression equations were obtained using 
Student's r-test. These levels correspond to significance levels obtained from 
the table given by Snedecor & Cochran (1967) for the correlation coefficients 
o f the equations.

There is very good linear correlation between pH and shear press force 
values for fillets frozen from fish at all chill storage periods; for fillets from fish 
in-rigor and post-rigor, there is excellent correlation (r values are - 0 .9 2  and 
— 0.97 respectively). There is also good linear correlation for the pH— shear 
press force relationship for muscle from frozen whole fish at all chill storage 
periods except those held in refrigerated sea water for 6 days. The RSW-held 
fish had an r  value for the linear regression line o f -  0.57 which indicates some 
correlation.
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T a b le  2 . pH  values fo r S. flavidus  stored frozen as fillets and as whole gutted 
fish for 6  m onths at -  28°C after various periods of chill storage

pH  values

H olding
m ethod

Fillets W hole fish

M ean* Range Mear.* Range

Pre-rigor 6.55 (0.22) 6.09-6.93 6.60(0.15) 6.31-6.87
In-rigor 6.53 (0.19) 6.13-6.73 6.50(0.19) 6.10-6.78
Post-rigor 6 .44(0 .22) 6.11-6.73 6.58(0.09) 6.39-6.69
Iced 6  davs 6.38 (0.11) 6.24-6.63 6.48(0.18) 6.18-6.78
R SW -held 

6  days 6.51 (0.16) 6.16-6.76 6.58(0.16) 6.22-6.82

*Each value represents ten fish. S tandard deviations are given in 
paren theses.

T a b le  3 . L inear regression equations and correlation coefficients for the relationship of shear 
p ress force values to  pH  for S. flavidus  stored  frozen as whole gutted fish and as fillets

H o ld in g
m e th o d

L in ear regression  
e q u a tio n

Standard error  
o f  estim ate*  
(SY-X)

C orre la tion
co effic ien t
(r)

P re-r ig o r W h o le  fish Y = -83.04xb- 616.49 8.19 -0.84b
F illets Y = -  56.71xa -  447.11 11.67 -0.75“

In -r igor W h o le  fish Y = -45.58x“ + 370.63 8.50 -0.73“
F ille ts Y = -54.57xb + 423.66 4.64 -0.92b

P o st-r ig o r W h o le  fish Y = -83.07x“-  609.03 6.62 -0.76“
F ille ts Y = -71.30xb + 525.97 4.06 -  0.97b

Ic e d  6  d a v s W h o le  fish Y = — 55.74xh + 413.14 8.70 — 0.77b
F ille ts Y = -66.55xh + 488.36 5.31 — 0.81h

R S W -h e ld W h o le  fish Y  = -4 6 .17xb + 341.93 5.55 — 0.81b
6  d a y s F ille ts Y  = -18.16X + 161.20 4.43 -0.57

*As defined in Z a r (1974), p. 207. 
a Indicates a value significant at P < 0 .0 5 . 
h Indicates a value significant at P  <  0.01.

The m ean and range o f muscle pH values for each group o f fish frozen as 
w hole gutted fish or as fillets are shown in Table 2. Except for the in-rigor fish, 
sam ples frozen as w hole fish have slightly higher pH levels compared to those 
frozen as fillets. Fish held in ice had slightly lower pH levels compared to the 
other chill storage groups. H owever, the differences are too small to be o f  
significance.
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Discussion

The m ean OTM S values for cooked muscle o f S. flavidus which were stored 
frozen for 6 m onths, ranged from a shear force value o f 38.24 for RSW -held 
fish stored frozen as whole fish to a value o f 75.39 for fillets taken from pre-rigor 
fish and held frozen for 6 months. The shear force values obtained in this study 
for cooked  muscle from fish which were held in ice for 6 days prior to freezing 
are in good  agreem ent with the data reported by Tomlinson et al. (1976) for 
cooked  flesh o f five other species o f Sebastes which were stored for 5 to 11 days 
in ice prior to freezing.

In a study on Atlantic cod. MacCallum et al. (1968) found that the overall 
texture scores o f a taste panel gave clear preference for cooked muscle from 
pre-rigor com pared to in-rigor fish and that fillets frozen pre-rigor gave the 
best product. Previous work at this laboratory on the chill and frozen storage 
characteristics o f the rockfish species Sebastes alutus and Sebastes flavidus 
(Kramer & Peters, 1979) shows fillets removed and frozen pre-rigor to be very 
tough from both taste panel assessment and instrumental analysis using the 
O TM S. Fillet blocks were used for that study and the one-inch cross sections cut 
from the blocks for quality determination gave pieces too small to permit both 
taste panel and OTM S work on the same piece. Although no direct comparison  
o f shear press force value with taste panel score for fillets which were 
undesirably tough can be made in that study, it appears from the data on the 
num ber o f organoleptic scores which were undesirable and the shear press force 
value ranges for each different treatment that an OTMS value o f about 70 is the 
cut-off. In other words, fillets which have a cooked muscle shear press force 
value o f  about 70 or more will be undesirably tough (have a taste panel score of 
5 or below ).

It seem ed likely to us that the reason fillets from pre-rigor rockfish are so 
tough after frozen storage was related to contraction o f the muscle fibres 
during thaw rigor. W e expected this process would be greatly reduced if whole 
fish were frozen rather than taking a fillet from the frame (skeleton) and 
freezing the fillet. W hile texture is improved, i.e. the cooked muscle is more 
tender, for frozen w hole fish compared to frozen fillets in four o f the five chill 
storage periods, the differences are not very large. Only in the case o f the fish 
iced for 6 days is the difference statistically significant.

W hen the mean OTM S values are corrected for the effect of pH on texture 
(Table 4 ), the cooked  muscle is more tender for frozen whole fish compared to 
frozen fillets in three o f the five different chill storage periods. H owever, in 
every case, the difference between frozen whole fish and frozen fillets is less 
than before the values were corrected. In all cases, the difference is not 
statistically significant. That there is no significant difference in texture 
betw een frozen whole fish and frozen fillets is confirmed by statistical 
com parison o f the regression equations (discussed in the results section o f this 
report).
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Table 4. M ean O ttaw a Texture M easuring 
System (OTM S) values for S. flavidus stored 
frozen as fillets and as whole gutted fish for 6 
m onths at -  28°C after various periods of chill 
storage. These values have been corrected* for 
the effect o f pH  on texture by ad justing all values 
to  pH 6.50

H olding
m ethod

T exture

Fillets W hole fish

Pre-rigor 78.20 73.88
In-rigor 68.63 74.17
Post-rigor 63.46 66.98
Iced 6 davs 56.55 50.74
RSW -held

6 days 43.46 42.73

*The correction factor was obtained using a 
pooled  estim ate o f the regression coefficient 
(Z ar. 1974). The value found using the ten 
equations given in Table 3 is h L. = — 56.12.

B oth the fillet and whole gutted samples from fish which were held 6 days in 
refrigerated sea water had more tender texture than the other samples. All 
groups o f sam ples, frozen both as fillets and as whole gutted fish, from pre
rigor, in-rigor, post-rigor, and 6-day iced fish had one or more shear press 
force value above 70, which is the approximate point at which they are 
unacceptably tough to a taste panel. For the samples held 6 days in refrigerated 
sea water, all OTM S values were below 55.

The mean OTM S values given in Table 4, which have been corrected for the 
effect o f pH on texture, show more clearly that storage conditions prior to 
freezing have an effect on texture. Statistical analysis of the linear regression 
equations given in Figs 2 and 3 (comparison o f slopes and elevations as 
detailed by Zar, 1974) shows that the slopes o f the five equations are common  
but the elevations are not com mon. The common slopes describe the depend
ence o f texture as measured by the OTMS on pH and show that this relation
ship is independent o f treatment prior to freezing. The different elevations 
confirm that chill storage has an effect on instrumentally measured texture of 
the cooked  muscle and indicate that both method and time o f chill storage are 
involved.

The extrem ely good linear correlation coefficients for the relationship o f pH  
to shear press force values indicate that for S. flavidus held under the 
conditions o f chill and frozen storage used in this work, pH is by far the most 
im portant parameter associated with texture o f the cooked muscle. Bosund & 
B eckem an (1972) found good correlations for the relationships of pH , shear 
press force values and taste panel evaluation of toughness for frozen cod.
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Work with m inced flesh o f several Australian species (Bremner. Laslett & 
O lley, 1978), did not give a good correlationof pH with taste panel texture as 
indicated by correlation coefficients of - 0 .1 6  and -0 .2 1 .  They indicate that 
both water holding capacity o f the muscle and saline extractable protein may 
be needed  to provide an adequate prediction o f texture.

T he prefreezing treatments used in this work had no significant effect on 
m uscle pH. W e measured pH by inserting an electrode directly into the fillet 
rather than making a suspension o f the muscle as described by Cowie & Little
(1966). Bosund & Beckem an used the method o f Cowie & Little to measure 
pH o f the flesh. W hether the high correlation of pH with OTMS-measured 
texture depends on taking a direct measurement o f flesh pH as was done in the 
work reported here is not certain and should be investigated.

Conclusions

For the vellowtail rockfish, S. flavidus. there is a strong correlation between  
pH level and cooked muscle shear press force values for samples stored frozen 
at — 28°C both as fillets and as whole gutted fish. Low pH indicates higher 
shear press force values and tougher texture. Stored fillets are not significantly 
tougher than stored whole fish.

For species like cod which can becom e soft and mushy during chill storage, 
the recom m ended procedure to obtain the best quality fish has been to fillet 
and freeze pre-rigor. This work shows that for species which tend to becom e 
tough during frozen storage, holding in ice or refrigerated sea water for several 
days may overcom e this problem.
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Occurrence of E xophiala werneckii on salted freshwater fish 
O steoglossum  bicirrhosum

W . Y. M O K *, F. P. C A ST E L O t a n d  M. S. B A R R E T O  D A  SILVA*

Summary

Fungal contam ination occurred on the salted Amazonian fish Osteoglossum 
bicirrhosum  which were air dried in the shade. The human pathogenic fungus 
Exophiala werneckii was recovered as the sole contaminant from all salted fish. 
It was im plicated for the first time as a halophilic saprophyte causing food 
spoilage.

Introduction

Curing is a tim e-honoured preservation procedure. H owever, the salted food  
products are by no means com pletely free from microbial contamination. 
K nown bacterial and fungal contaminants isolated from cured material in
clude Micrococcus morrhuae, Halobacterium sp., Flavobacterium sp., 
Sporendonema expizoum, Aspergillusglaucus and A. echinulatus (Leitao, 1979). 
R ecently , w e tested drying salted fish in the shade as an alternative preservation 
procedure in view o f the annual 6-month long rainy season in the Amazon  
Basin. The freshwater fish Osteoglossum bicirrhosum Vandelli 1829, locally 
known as aruana, was cured and air dried in the shade. H owever, microbial 
contam ination occurred. Exophiala werneckii was recovered from all 
contam inated salted fish. This was the first time that the pathogenic fungus E. 
werneckii was im plicated as a halophilic saprophyte responsible for food  
spoilage.

Material and methods

Salting process

Tw enty chilled aruanâ fish were purchased from the local market. The fish 
were w eighed , eviscerated, split and salted. Fish in groups o f five received one of

Author's addresses: *Departmento de Patologia Tropical, and tDepartmento de Pe i xe e  Pesca. 
Instituto Nacional de Pesquisas da Amazonia, Caixa Postal 478. 69000 Manaus, Brazil.

0022-1163/81/1000-0505 $02.00 ©  1981 Blackwell Scientific Publications 
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Fish
+

Weighing

*
Evisceration

♦
Splitting

1 1 1 ▼
Group 1 Group 2 Group 3 Group 4

saturated m brine, saturated in brine, saturated in br.ne, saturated in br
10 min 4 8  hr 10 min 10 min

1 i
3 0 %  b rire , 25%  brine, 2 0 %  brine,
unsten le ster le sten le

salt, s a lt , sa lt,
5 days

1___________

5 days

L
5 days 

__________ 1
Drying in the shade

Alternate hanging (9 hr) and stockp iling  (15 hr) 
3 0  days

Figure 1. Flow chart of salting process.

Figure 2. Naturally ventilated screen-walled shed where fish were dried.
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the four treatm ents (Fig. 1). The fish were soaked in saturated brine for 10 min, 
with the exception o f group 2 fish which were left immersed for 48 hr without 
further curing. Group 1 fish were cured for 5 days in 30% brine prepared from 
unsterile salt. Groups 3 and 4 fish were also cured for 5 days, but in 25 and 20% 
brine respectively. The salt in these brine preparations had been previously 
sterilized at 150°C for 4 hr in a drying oven. After curing, all fish were air dried in 
a naturally ventilated screen-walled shed (Fig. 2). They were kept alternately 
hanging for 9 hr and stockpiled for the next 15 hr. The preservation schedule 
called for drying for a period o f 30 days.

Results

Fungal colonization

G roup 2 fish show ed signs o f deterioration shortly after they were left to be air 
dried. By the 9th day, large quantities of ammonium com posites were detected 
in the fish flesh by the Eber test. Accordingly these fish were discarded.

Fish in the remaining three groups were drying up slowly. By day 14, small 
round white superficial mouldy plaques were seen on all fish (Fig. 3). They were 
easily rem oved by scraping. There was no apparent tissue involvement. Pre
liminary m icroscopic exam ination o f the plaques taken from one fish in each 
group show ed the presence o f numerous hyphae and conidia. The drying period 
was extended for observation o f fungal colonization. During the next 30 days 
the number and size o f the plaques increased gradually. A  plaque count on day 
43 show ed significant differences in number and size among the three groups 
(Table 1).

Figure 3. R ound , w hite m ouldy plaques on fish surface; 30 days after drying in the 
shade.
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Table 1. N um ber and size of fungal plaques on fish

fish

Plaq ues

N um ber Size (cm)

X s sig. y S v sig.

G ro u p  1 (n =4) 95 23.4 +  3,4 4.55 1.09 + 4
G roup  3 (n =  4) 8 9.9 + 1 4.90 1.02 —
G roup  4 (n = 4) 27 11.7 + 1 6.45 1.11 + 1

sig. =  significant at the 95% confidence level. 
+  3 =  significant difference with group 3.
—  =  no difference with any o ther group.

Mvcological studies

Four fish from each o f the groups 1,3 and 4 were examined. Ten plaques were 
chosen randomly from each fish, except for two fish in group 3 which totalled  
only three plaques. Scrapings were taken from each plaque. Material from one 
scraping was m ounted on a microscopic slide for direct examination with 
lactophenol cotton blue. Material from a second scraping was inoculated onto 
m ycosel agar (B B L ) which was kept at 25°C. Four scrapings were taken from 
each o f the three plaques of the two group 3 fish. Microscopic examination 
revealed the presence o f both hyaline and pigmented septate hyphae, abundant 
single and budding conidia, occasional arthrospores and two-celled conidia with 
dark septa (Figs 4 and 5). Fungal structures were observed on all slides.

Figure 4. D irect m icroscopic exam ination of plaque scraping: conidia and hyphae 
(2 4 0 x ).
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Figure 5. Dematiaceous septate hvphae and conidia (1920x).

t ¿50

mycosel, 30 days

Figure 6. Primary isolation of dimorphic E. werneckii on Mycosal agar: yeast 
mycelial growth.
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Figure 7. Slide culture of E. werneckii on corn-meal agar. 5 days; agglomeration of 
hyaline hyphae with pigmented septa and conidiogenous cells (480x).

Figure 8. Annelloconidia (arrows indicate annellides) and hyphae with dark septa 
(960x).
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Fungal isolates were recovered from 65, 77 and 65% of the cultures originat
ing from the group 1 .3  and 4 fish respectively. The fungus appeared as early as 7 
days after inoculation o f the mouldy plaque onto mycosel agar. The colonies 
were initially shiny, yeast-like and greyish black. On aging they turned 
olivaceous or light grey with abundant aerial hyphae (Fig. 6). On transfer to 
Sabouraud dextrose (2% ) agar (Merck) at 37°C and to Czapek-Dox agar 
(M erck) at 28°C, the yeast colonies lost their lustre and showed submerged 
hyphal growth at the periphery. Slide cultures o f the isolates in corn-meal agar 
(O xoid ) at 25°C showed plentiful annelloconidia with prominent dark septa, 
hyaline and dem atiaceous hyphae, terminal and intercalary fission cells (Figs 7 
and 8). Based on their macro- and micro-morphology at 25 and 37°C, the 
isolates were identified as E. werneckii Arx 1970.

Five isolates were chosen randomly for biochemical studies. All hydrolysed 
casein , utilized sodium nitrate, did not liquefy gelatin, nor utilize paraffin, 
starch or protein. Since the isolates were recovered from salted fish, their 
tolerance to salt was exam ined. All five isolates showed normal growth on 
Sabouraud agar with NaCl concentrations varying from 10% (w/v) to 
saturation.

A ttem pts at isolating E. werneckii from the salts used in the brine prepara
tions were m ade. One-gram granules o f the sterile and unsterile salt were 
inoculated into quintuplicate tubes o f mycosel agar, mycosel broth (BBL), 
Sabouraud dextrose (2% ) agar and Sabouraud dextrose (2% ) broth (Merck) at 
25°C. There was no fungal growth in any o f the media at the end o f two months.

Fungal colonization on salted fish

Discussion and conclusions

T he black fungus E. werneckii is the causative agent o f the superficial human 
m ycosis tinea nigra which is most prevalent in the tropics. The fungus infects the 
stratum corneum in the form o f septate, dematiaceous mycelium (A jello , 1978). 
Its saprophytic nature has never been confirmed (R ippon, 1974), nor its 
tolerance to salinity suspected. The occurrence o f E. werneckii on air-dried 
salted fish attests to the ability o f the fungus to thrive on saline substrate. Our 
subsequent experim ents confirmed its tolerance to medium with salt concentra
tions up to saturation. E. werneckii was implicated for the first time as a 
halophilic saprophyte responsible for food spoilage.

T he curing process by 20-30%  brine for 5 days was apparently sufficient to 
prevent general bacterial and fungal growth. The experimental drying condition 
i.e . drying in the shade, most probably predisposed the salted fish to E. 
werneckii colonization. Sterility o f the salt exerted a difference only on the 
m agnitude, but not the nature o f contam ination, since the fungus was recovered 
from all fish regardless o f the difference in brine preparation. The recovery of E. 
werneckii as the sole colonizer must be attributed to both the halophilic and 
ubiquitous nature o f the fungus.
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Effect of refining on the physical and chemical 
properties of cashewkernel oil

O L U S O L A  A . O JEH

Summary

Crude cashewkernel oil was subjected to refining by degumming, alkali
refining, bleaching and deodorization. The crude as well as the oil at every stage 
o f refining was characterized. Results indicate an improved quality oil on 
refining mainly in terms o f increased stability. The polyunsaturated fatty acid 
level and som e o f the identity characteristics o f the oil were not significantly 
altered by the refining process.

Introduction

The m ajor com m ercial product o f the cashew tree is the cashewnut which is 
m ainly exploited  for its kernel. The kernel which constitutes 20-25%  of the nut 
(W ilson, 1975) is the main product o f the Nigerian cashew industry where it is 
processed  (roasted and salted) for direct consumption. Being an oilseed, 
attem pts m ade at exploiting the kernel for vegetable oil resulted in the isolation  
o f an attractive golden-yellow  oil (O jeh, 1980) which would go som e way in 
supplem enting the few exploited sources o f locally available vegetable oil.

T he process o f refining edible oils comprises degumming, alkali-refining (or 
neutralization), bleaching and deodorization. Lall & Slinger (1974) reported 
that refining affected the nutritional value o f rapeseed oils whereas W ilding, 
R ice & M attil (1963) found that the overall quality of soyabean and cottonseed  
oil was not affected by alkali-refining, bleaching and deodorization.

The objective o f this work therefore was to determine to what extent refining 
will affect the quality o f cashewkernel oil with reference to its physical and 
chem ical characteristics. In this paper the term ‘refined’ refers to the com plete
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series o f treatm ents, i.e. degumming. alkali-refining, bleaching and 
deodorization.
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Materials and methods

Supplv o f raw cashewnuts was from Eleiyele Cashew Factory, Ibadan and 
A gronom y D ivision, C ocoa Research Institute o f Nigeria, (CR IN), Ibadan.

The manual isolation o f the kernel from the nut and petroleum ether extrac
tion o f oil from the kernel have been described (O jeh. 1980).

The crude cashewkernel oil (CCO) was refined by four laboratory scale 
refining processes, (i) It was degummed by treatment with water and centrifugal 
separation to effect removal o f the dirty white gelatinous precipitate from the 
oil. (ii) Alkali-refining was carried out with 0.1 N aqueous sodium hydroxide. 
T he mixture was allowed to separate overnight in a funnel, the lower soap layer 
separated and the oil washed with water to eliminate the last traces o f soap, (iii) 
T he oil was bleached by treatment with 1% of its weight o f activated charcoal at 
g0_100°C. (iv) It was deodorized with steam under high vacuum for 2 hr. The 
refined oil was stored under nitrogen in the refrigerator.

A nalysis

The crude oil as well as the oil at every stage o f refining (degummed oil, DCO; 
alkali-refined oil, A C O ; bleached oil. BCO; and refined oil, RCO) were 
analysed.

The refractive index (R I) o f the oil samples were determined at 20°C with a 
Carl-Zeiss refractometer. The ash content, saponification value (SV ), un- 
saponifiable matter (U M ). free fatty acid (FFA ), and W ij's iodine value (IV) of  
the oil sam ples were determined by the British Standard Institution (BSI) 
m ethods (British Standard, 1958). The American Oil Chemists Society’s 
(A O C S ) m ethod (as in Osisanva. 1976) was used for the peroxide value (PV) 
determ inations while anisidine value (A V ) determination was by the IUPAC  
draft m ethod (as in Osisanya, 1976). Moisture and volatile matter content and 
m elting point were determined by the methods of the A O A C  (1970). Copper 
and iron content were determined by the boiling acid method (Analytical 
M ethods C om m ittee, 1971). The fatty acid com position o f the oil samples was 
also determ ined. Esterification was by a modified A O A C  method using 
petroleum  ether (Analar. BP 80-100°C)for extraction o f the acids instead o f  
heptane (H arborne, 1973). An aliquot o f the methyl esters in petroleum ether 
was injected into the inlet port o f a Pve series 104 model 4 gas chromatograph 
with the following operating conditions and characteristics:

C olum n (glass, coiled) 1.5 mm x  4 mm i.d.
Packing 10% diethylene glycol succinate on

diatomite CAW .
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Carrier gas
Inlet pressure
Flow  rate
O ven temperature
D etector temperature
D etector (type)
A ttenuation

Nitrogen 
15 psi
25 ml min ' 
170°C isothermal 
210°C
Flame ionization
2  x  1 0 4

Peak areas were calculated by multiplying height of peak by width at half height 
(Christie, 1973) and percentage o f fatty acids according to Gurr & James (1971). 
M ethyl esters were identified by comparison with standards.

Results and discussion

In considering the quality o f oils and fats, major factors concerned are (a) 
standards for oils and fats in terms o f identity characteristics (e .g . RI, IV , SV, 
U M ) (b) stability (c) nutritional aspects concerning e.g. level of polyunsaturates 
and (d) toxicological status.

It is known that in oil refining the goal is the removal o f all undesirable 
substances that may have adverse effects on the oil, such as gums, pro-oxidants 
(e .g . FFA  and trace metals) sterols, carotenoid pigments, tocopherols, oxidized 
m aterials and breakdown products. Other factors such as odours and colours 
which are som etim es desirable to Nigerians (e.g. the orange colour of palm oil) 
are also usually lost in refining especially during deodorization and bleaching 
respectively.

From Table 1, refining does not appear to have any significant effect on the 
RI, m elting point and IV o f the oil samples since there is no definite trend in

Table 1. Som e physical and chemical characteristics of crude (C C O ). degum m ed (D C O ). alkali-refined 
(A C O ). b leached  (B C O ) and refined (R C O ) cashew kernel oil

Oil samples

C haracteristics CCO DCO A CO BCO RCO

R efrac tive  Index at 20°C 1.4683 1.4645 1.4651 1.4665 1.4681
A sh co n ten t (%  dry w eight) 0.0712 0.0087 0.0086 0.0080 0.0074
Saponification value (mg K O H /g sam ple) 188.9 188.7 188.4 188.0 187.1
U nsaponifiable m atte r (%  by weight) 0.61 0.60 0.57 0.56 0.51
Free fattv  acid (%  oleic acid) 1.19 1.02 0.32 0.27 0.23
Iodine value (W ij's , 30 min) 81.98 79.40 82.19 81.63 82.18
Peroxide value (m E q/kg  sam ple) 0.49 0.45 0.39 0.31 0.14
A nisidine value 5.84 3.35 3.14 3.13 2.82
M elting po in t (°C)
M oisture and  volatile m atter

16.0-17.0 16.2-17.0 16.4-17.05 16.25-17.10 16.23-17.00

(%  dry w eight) 0.49 0.49 0.45 0.40 0 .20
C o p p er con ten t (ppm ) 3.00 1.10 1.05 1.05 1.05
Iron co n ten t (ppm ) 8.25 5.50 5.50 5.50 4.00



516 (). A. Ojeh

variation and also no significant differences between the values for CCO and 
RCO . The ash content and A V  o f the samples decrease with refining mainly 
after degum m ing. The decrease in FFA is most significant after alkali-refining as 
expected , and that o f PV is most significant after deodorization. The moisture 
and volatile matter content o f the samples was not altered by degumming but 
was significantly decreased after deodorization probably because volatile 
impurities are mostly eliminated during deodorization. The SV and UM  only 
show slight decrease with refining, this is likely due to their being indirectly 
affected by refining as such. The copper and iron contents decrease with refining 
especially after degumming (and deodorization for the iron only). There is no 
constant general trend in the variation o f the percentage of individual fatty acid 
m ethyl esters (F A M E ) between the CCO and RCO samples since, whereas 
there is a decrease in most cases, with oleic there is an increase, but in all cases 
the variation tends to be minimal; hence it is not significant (Table 2). Likewise 
during refining, there is no consistent trend in variation o f FAM E. With the 
percentage total saturated and unsaturated there tends to be a general decreas
ing trend with the former while the latter increased; but the changes are minimal 
and hence, insignificant. The unsaturated:saturated ratio bears this out since it 
is constant between D C O  and A C O  and also between BCO and RCO. Even the 
seem ing increase between that of CCO and RCO is insignificant in view o f the 
wide fluctuation among FAM E contents o f samples.

Table 2. Fatty  acid com position of CC O , D CO . A CO . BCO and RCO

Oil samples

Fatty  acid (7c) CCO DCO A CO BCO RCO

Palm itic (16.0) 10.40 9.18 9.94 9.32 10.33
Palm itoleic (16.1) 0.56 0 .2 0 0.62 0.40 0.47
Stearic (18.0) 8.35 9.34 8.53 8.90 7.84
O leic (18.1) 62.64 63.32 64.40 64.56 64.01
Linoleic (18.2) 18.05 17.97 16.51 16.82 17.35
T otal sa tu ra ted 18.75 18.52 18.47 18.22 18.17
T otal unsatu ra ted 81.25 81.49 81.53 81.78 81.83
U n sa tu ra te d : sa tu ra ted  ratio 4.3 4.4 4.4 4.5 4.5

T he refining process, therefore, may be said to have affected the indices o f  
stability mainly as reflected in the decrease in values for the trace metals (copper 
and iron), F F A , PV, A V  and moisture and volatile matter content. In effect a 
m ore stable oil was obtained upon refining as shown by these indices, since the 
lower they are the less readily susceptible an oil is to oxidative deterioration and 
hence more stable.

T he decreases in SV , ash and UM  are as a result of the changes in the afore
m entioned indices o f stability, and they therefore indicate the nature o f the 
refined o il . Refining does not appear to have any significant effect on the level o f
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polyunsaturates in the cashewkernel oil, since no general trend is observed in 
the variation in linoleic acid (the main polyunsaturated fatty acid) content o f the 
oil sam ples. This is desirable in view o f the nutritional significance o f poly
unsaturates in the diet (Swoboda, 1974).

The non-significant effect on the RI, melting point and IV is due mainly to the 
fact that refining did not affect the unsaturated fatty acid content and other 
com ponents these characteristics may depict.

C onclusively, refining confers a notable improvement in quality on cashew
kernel oil mainly in terms o f increased stability.
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Influence of temperature and pressure on hydrogenation 
of low erucic acid rapeseed oil (Zephyr)

Y . E L -SH A T T O R Y *, L. D E M A N + a n d  J. M. D E M A N

Summary

L ow  erucic acid rapeseed oil (Zephyr) was hydrogenated at 200, 170 and 140°C 
and pressure o f 48 and 303 kPa. The hydrogenated oils were characterized by 
determ ination o f the iodine value, trans-isomer content, fatty acid com position, 
dropping point and solid fat content. From the change in iodine value and 
trans-isom er content, the specific isomerization index (SII) was determined. 
T he SII was generally lower at high pressure and low temperature. The hydro
genation reaction rate increased with temperature as well as pressure. 
Selectivity ratios for the hydrogenation reaction were more influenced by 
pressure than by temperature, the highest selectivity ratios were observed at the 
low er pressure.

Introduction

R apeseed  has becom e the major oilseed crop in Canada and through extensive 
plant breeding research several low-erucic acid varieties have been developed  
(D ow n ey , 1978). It has been shown (deM an, 1978) that hydrogenation 
conditions may have an effect on the polymorphic stability o f the hydrogenated  
oil and the margarine manufactured from it. It was shown that the trans-isomer 
content o f  the hydrogenated oil was related to polymorphic stability. It is well 
known that high temperature, high catalyst concentration, low pressure and low 
rate o f  agitation favour the formation o f high levels o f trans-isomers (Coenen,
1976). M uch o f the research on this subject has been conducted with soybean or 
cotton seed  oil (Swern, 1964). Since the developm ent o f the low-erucic acid 
rapeseed varieties effectively resulted in a new type o f oil, and virtually no

Authors’ address: Department of Food Science, University of Guelph, Guelph. Ontario. 
Canada N1G2W1

Permanent addresses: *Fats and Oils Laboratory, National Research Centre, Dokki, Cairo, 
Egypt, tThe Food Specialties Company Ltd, Ajax, Ontario, Canada, LIS 1R4.

0022-1163/81/1000-0519 $02.00© 1981 Blackwell Scientific Publications



520 El-Shattory, deMan and deMan

published information is available on the hydrogenation of this oil, it was 
decided to study the effect of temperature and pressure on the composition and 
properties o f the oil.

Experimental

The oil used in this study was commercially refined and bleached and obtained  
from Brassica napus var. Zephyr. Hydrogenation was carried out in a Parr 
Pressure R eaction Apparatus Series 4500 using a 2-1 bomb and a charge of 600 
ml o f oil. The catalyst used was Harshaw NI-3609, a dry reduced nickel catalyst 
with approxim ately 25% nickel content. The catalyst was used at a level o f 0.2%  
by w eight o f the oil corresponding to about 0.05%  nickel. Samples were 
withdrawn from the reactor at regular intervals through the sampling valve. 
Fatty acid com position was determined by the method o f Shehata & deMan 
(1970) using a Varian m odel 1400 gas-liquid chromatograph equipped with 
hydrogen flame ionization detector. Column length was 125 cm, diameter 2 mm, 
carrier gas flow 30 ml/min and column packing was 15% DEG S on Chromosorb 
R Z  60-80  m esh. Fatty acids reported in this paper are those with 16 or 18 carbon 
atom s. The oil also contains small amounts (1-2% ) o f eicosenoic and 
d ecosenoic acid. Iodine value was determined by the Wijs m ethod, AOCS  
official m ethod Cd 1-25. Trans-isomer content was determined by infra-red 
spectrophotom etry, A O C S tentative method Cd 14—61, using a Beckman model 
4300 infra-red spectrophotom eter. Dropping point of those samples which were 
solid at room  temperature was determined with the M ettler method as described 
by M ertens & deM an (1972a). Solid fat content was determined by continuous 
wave w ide-line nuclear m agnetic resonance using a Newport Quantity Analyzer 
as described by M ertens & deMan (1972b).

Results and discussion

H ydrogenation conditions selected included pressures of 48 and 303 kPa and 
tem peratures o f 140. 170 and 200°C. Iodine values, dropping points and trans
isom er contents o f  the samples hydrogenated at 200°C are presented in Tables 1 
and 2. The iodine value o f the oil before hydrogenation was 111.1. Hydrogena
tion at 200°C and 48 kPa for 60 min resulted in an iodine value o f 74.9 whereas 
only 30 min at 200°C and 303 kPa lowered the iodine value to 61.2. An iodine 
value o f 75.3 was obtained after only 15 min o f hydrogenation at 200°C and 303 
kPa. A t these similar iodine values, the dropping point obtained at 303 kPa was 
low er and the trans-isomer content was also considerably lower.

R esults o f  hydrogenation at 170°C are presented in Tables 3 and 4. A t a 
pressure o f  48 kPa, it took 150 min to reach an iodine value of 71.1 and 
trans-content o f 42.2% . A t 303 kPa an iodine value o f 70.1 was reached in 45
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T a b le  1. Iodine value, dropping point, 
trans-isomer content and specific isomeriza
tion index (SII) of rapeseed oil (Zephyr), 
hydrogenated at 200°C and hydrogen 
pressure of 48 kPa

Time Iodine Dropping Trans
(min) value point (°C) % SII

8 99.2 — 10.0 84
15 93.3 — 14.8 83
21 91.9 — 20.0 104
27 80.9 — 27.1 90
.3.3 80.5 — .30.3 99
39 80.2 — 32.0 104
45 79.7 24.0 33.9 108
52 76.3 28.0 36.2 104
60 74.9 30.3 41.1 114

T a b le  2 . Iodine value, dropping point, 
trans-isomer content and specific isomeriza
tion index (SII) of rapeseed oil (Zephyr), 
hydrogenated at 200°C and hydrogen 
pressure of 303 kPa

Time
(min)

Iodine
value

Dropping 
point (°C)

Trans
% SII

3 104.2 — 9.1 132
6 95.3 — 14.2 90
8 92.2 — 19.3 102

10 82.2 — 23.9 83
13 78.6 24.5 31.0 95
15 75.3 29.0 34.8 97
17 71.2 33.6 35.7 89
20 68.3 37.2 37.6 88
23 66.4 39.0 38.0 85
26 65.3 41.5 38.1 92
30 61.2 45.1 38.5 77

T a b le  3 . Iodine value, dropping point, 
trans-isomer content and specific isomeriza
tion index (SII) of rapeseed oil (Zephyr), 
hydrogenated at 170°C and hydrogen 
pressure of 48 kPa

Time
(min)

Iodine
value

Dropping 
point (°C)

Trans
% SII

20 100.0 — 12.7 114
35 93.1 — 19.5 108
50 87.1 — 24.7 103
65 83.0 — 29.5 105
80 80.9 — 32.3 107

100 76.3 29.3 36.4 105
125 74.9 29.8 40.4 112
150 71.1 33.7 42.2 106

T a b le 4. Iodine value, dropping point.
trans-isomer content and specific isomeriza
tion index (SII) of rapeseed oil (Zephyr), 
hydrogenated at 170°C and hydrogen 
pressure of 303 kPa

Time
(min)

Iodine
value

Dropping Trans 
point (°C) % SII

4 101.4 — 4.5 46
7 100.5 — 8.6 81

10 96.2 — 14.9 100
13 88.2 — 22.7 99
16 87.5 — 26.1 111
19 86.5 — 29.4 120
11 86.1 — 31.5 126
25 82.2 — 32.3 112
29 79.4 24.8 33.7 106
34 76.5 31.7 35.7 103
39 72.6 34.3 36.6 94
45 70.1 35.8 38.0 93

min. The trans-content was lower at 303 kPa pressure but the dropping point 
was higher.

H ydrogenation at 140°C resulted in the figures in Tables 5 andò. A t48k P a the 
reaction rate was extrem ely low, an iodine value o f 83.4 was reached after 240 
min o f hydrogenation. None o f these samples was sufficiently solid at room 
tem perature to determ ine the dropping point. A t 303 kPa and 140°C the iodine 
value was lowered to 73.6 after 110 min of hydrogenation. After 83 min an
iodine value o f 82.9 was obtained. At this iodine value the trans-content was
35
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Table 5. Iodine value, trans
isomer content and specific 
isomerization index (SII) of 
rapeseed oil (Z ephyr), hydro
genated at 140°C and hydrogen 
pressure of 48 kPa

Time
(min)

Iodine
value

Trans
% SII

30 106.1 4.2 84
60 105.5 6.1 109
90 102.2 7.2 81

105 100.5 8.4 79
130 96.0 11.3 75
150 93.9 13.8 80
180 90.3 17.1 82
210 88.4 20.3 89
240 83.4 23.5 85

Table 6. Iodine value, dropping point, 
trans-isom er content and specific isom eriza
tion index (SII) of rapeseed oil (Z ephyr), 
hydrogenated  at 140° and hydrogen 
pressure o f 303 kPa

Time
(min)

Iodine
value

D ropping Trans 
point (°C) °/c SII

17 105.7 — 4.6 85
24 102.5 — 6.5 76
30 99.4 — 8.1 69
35 98.6 — 9.0 90
41 97.4 — 11.2 82
46 93.4 — 13.7 77
55 89.1 — 15.9 72
63 88.2 — 18.0 79
72 87.0 — 19.3 80
83 82.9 — 21.3 76
95 80.7 21.4 24.4 80

110 73.6 30.6 26.6 71

slightly lower than that obtained at 48 kPa. Puri (1978) has described the use of 
the specific isom erization index (SII) to characterize the hydrogenation process. 
The SII is defined as the number o f trans-bonds formed per unit reduction of  
iodine value. T he SII was calculated from the relationship

SII =  % trans x  100/AIV 
where AIV =  drop in iodine value

The SII values are included in Tables 1-6. A t 200°C the SII values were generally 
lower at 303 kPa pressure than at 48 kPa. A t 170°C the pattern is not consistent 
the SII value was m ore variable at the higher pressure. At 140°C the SII values 
were generally lower than at the higher temperatures and with slightly lower 
values at the higher pressure. These observations follow the general rules 
described by C oenen (1976).

The fatty acid com position o f selected samples hydrogenated at 200, 170 and 
140°C and 48 and 303 kPa is presented in Table 7. From the changes in fatty acid 
com position during hydrogenation, the selectivity ratio can be determined  
(E l-Shattory & deM an, 1980). The selectivity ratios for the hydrogenation o f the 
oil at different temperatures and pressures are listed in Table 8. Selectivity 
increases with temperature and decreases with pressure (Coenen, 1976). The 
results indicate higher selectivity ratios at the lower pressure especially at 200 
and 140°C. The effect o f temperature was much less apparent.

The influence o f temperature and pressure on the rate o f the hydrogenation  
reaction is presented in Table 9. The reaction rates were greatly influenced by 
these factors and increased with temperature as well as with pressure. The
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Table 7. Fatty acid composition of rapeseed oil (Zephyr) hvaiuj,. 
different conditions of temperature and pressure

Temp
(•c)

Pressure
(kPa)

Time
(min)

Iodine
value

Fatty acids (wt %)

16:0 18:0 18:1 18:2 18:3

— — 0 111.1 5.0 2.9 58.3 22.4 10.2
200 48 21 91.9 4.5 3.1 74.4 13.5 2.9
200 48 39 80.2 4.5 5.2 79.4 7.7 1.9
200 48 60 74.9 4.5 10.0 77.5 4.7 1.3
200 303 10 82.2 4.6 3.8 80.2 8.0 2.0
200 303 20 68.3 4.5 16.0 70.5 5.1 2.2
200 303 30 61.2 4.2 20.7 63.6 5.0 1.7
170 48 50 87.1 4.7 4.4 72.4 13.5 3.0
170 48 100 76.3 4.7 8.0 76.5 7.5 2.0
170 48 150 71.1 4.6 13.5 73.8 5.5 1.6
170 303 13 88.2 4.9 5.0 71.6 12.8 3.4
170 303 29 79.4 4.6 11.4 74.2 6.7 1.9
170 303 45 70.1 4.6 15.1 70.9 6.0 1.7
140 48 90 102.2 5.1 4.2 59.6 21.0 8.1
140 48 180 90.3 4.4 5.0 68.4 16.0 4.3
140 48 240 83.4 4.8 6.8 68.8 13.7 3.6
140 303 35 98.6 5.1 4.4 66.2 19.3 5.1
140 303 72 87.0 4.5 7.0 70.6 13.8 2.4
140 303 110 73.6 4.6 14.8 71.5 7.2 0.9

Table 8. Effect of hydrogenation conditions on the 
selectivity ratio of rapeseed oil (Zephyr)

Temp
(°C)

Pressure
(kPa)

Time
(min) S-S„ L/Ln

Selectivity
ratio

200 48 60 6.76 .066 13.8
200 303 30 17.81 .113 5.0
170 48 150 10.60 .093 8.6
170 303 45 12.19 .119 7.2
140 48 240 3.91 .459 13.9
140 303 110 11.85 .179 6.9

Table 9. Effect of temperature and pressure on the reaction rate of the 
hydrogenation of rapeseed oil (Zephyr)

Temp.
(°C)

Pressure
(kPa)

Final reaction rate 
IV/min

Reaction rate at IV = 75 
IV/min

140 48 0.12 —
170 48 0.27 0.29
200 48 0.60 0.60
140 303 0.34 0.34
170 303 0.91 1.00
200 303 1.60 2.41

* 2



rates were calculated for the end o f each experiment as well as for 
• caching a com m on iodine value of 75. The general pattern is similar but the rate 
becom es much higher for the highest temperature and pressure conditions.

El-Shattory, deMan and deMan

Table 10. Solid fat content of rapeseed oil (Zephyr), hydrogenated at different 
temperatures and pressures and 0.2% catalyst concentration

Solid fat (%) at temp (°C)
Temp.
(°C)

Pressure
(kPa)

Time
(min)

Iodine
value 0 5 10 15 20 25

200 48 39 80.2 30.6 28.6 20.6 10.8 4.3 2.2
200 48 60 74.9 40.5 38.3 37.5 28.5 18.1 9.8
200 303 20 68.3 57.6 54.5 46.3 36.9 26.1 20.5
200 303 30 61.2 71.2 68.0 65.5 58.9 49.1 40.7
170 48 100 76.3 39.2 36.5 28.9 19.0 10.6 6.4
170 48 150 71.1 56.3 54.2 49.8 42.6 33.2 22.9
170 303 29 79.4 44.4 41.2 33.5 24.0 15.1 10.3
170 303 45 70.1 53.8 52.6 49.8 42.1 32.3 23.0
140 48 240 83.4 11.3 9.8 8.5 6.8 4.9 3.7
140 303 110 73.6 29.8 28.1 26.0 19.6 16.7 12.8

The solid fat contents o f the hydrogenated oils as determined by continuous 
wave wide-line N M R  is presented in Table 10. These data together with the 
dropping point values included in Tables 1-6 provide information about the 
physical characteristics o f the hydrogenated oils. The level of stearic acid 
increased sharply when an iodine value of about 70 was reached and this is 
reflected in the increased solid fat content at 25°C. The increase in solid fat 
content during hydrogenation represents the combined effect o f increasing 
saturation as well as increasing trans-isomer levels. Some limited data on 
formation o f trans-isomers during hydrogenation o f rapeseed oil were provided 
by Kurucz-Lusztig, Prepostefy & Jaranek et al. (1978). Hydrogenation was 
performed at 180-200°C, but the oils used contained much higher erucic acid 
levels than the Zephy oil used in the present study.
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Hydrogenation of low erucic acid rapeseed oil (Zephyr) under 
selective conditions

Y . E L -SH A T T O R Y ,* L. D E M A N t a n d  J. M. D E M A N

Summary

L ow  erucic acid rapeseed oil (Zephyr) was hydrogenated under selective 
conditions, 200°C, 48 kPa pressure, with 0.2% of five different commercial 
nickel catalysts and the standard catalyst o f the American Oil Chemists’ 
Society. From the change in iodine value, the relative activities o f the catalysts 
w ere calculated. The trans-isomer levels were determined by infra-red 
spectroscopy and the specific isomerization index calculated. Catalysts with the 
low est activity resulted in the highest level o f trans-isomers. From the change 
in fatty com position , the selectivity ratio was calculated. Physical properties 
w ere m easured by determination o f dropping point and solid fat content. The 
com m ercial catalysts differed widely in their action on the hydrogenation of 
Z ephyr oil.

Introduction

In a previous report (El-Shattory, deMan & deM an, 1981a), the effect of 
tem perature and pressure on the hydrogenation o f low erucic acid rapeseed oil 
(Zephyr) has been described. The developm ent in Canada o f low erucic acid 
rapeseed cultivars has resulted in oils with erucic acid levels in the 1-2% range. 
In addition to breeding cultivars o f low erucic acid content, attention is being 
focussed  on lowering the level o f glucosinolates in the seed. The 
hydrogenation behaviour o f the oils obtained from these cultivars is 
undoubtedly influenced by the fatty acid com position o f the oil as well as by
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the presence o f sulphur com pounds which may act as catalyst poisons. The 
newer cultivars o f low erucic acid rapeseed oil are also lower in total sulphur 
content and catalyst poisoning by sulphur compounds is no longer an import
ant problem (El-Shattorv, deMan & deMan. 1981b). There is little published 
inform ation on the hydrogenation behaviour of low erucic acid rapeseed oils. 
O ne recent paper (Kurusz-Lusztig, Prepostefy & Jaranek, 1978) deals with the 
industrial hydrogenation o f three rapeseed oils with erucic acid contents of 
51.8 , 23.7 and 8.7% . These oils are not similar to the ones now produced in 
Canada. The present study deals with the effect of a number o f different 
com m ercial catalysts on the hydrogenation of low erucic acid rapeseed oil 
using selective hydrogenation conditions.

Experimental

The oil was com mercially refined and bleached and obtained from Brassica 
napus var. Zephyr. Hydrogenation was carried out in a Parr Pressure 
Reaction Apparatus Series 4500 using a 2-1 bomb and a charge of 600 ml o f oil. 
The catalysts used were five different commercial nickel hydrogenation 
catalysts (coded A -E ) including four o f the dry reduced type and one o f the 
wet reduced type and the standard catalyst supplied by the American Oil 
Chem ists’ Society (coded S). Catalysts were used at a level of 0.2% of the 
weight o f the oil. corresponding to about 0.05%  nickel. Selective 
hydrogenation conditions were used, temperature 200°C and hydrogen 
pressure 48 kPa.

M ethods o f analysis for the hydrogenated oils were as described previously 
(E l-Shattory, deMan & deM an, 1980).

Results and discussion

The change in iodine value as a function o f time and using six different 
catalysts is indicated in Table 1. From these figures, the catalyst activity can be 
calculated (Table 2). The activity o f catalysts A , B and E was similar, that of 
catalysts C and D som ewhat higher and the standard catalyst was the least 
active under the conditions em ployed. The trans-isomer levels formed during 
the hydrogenation with different catalysts are listed in Table 3. The proportion 
o f trans-isomers formed per unit o f iodine value reduction has been used to 
characterize hydrogenation reactions (Puri, 1978) and is termed specific 
isom erization index (STI). The SII for the selective hydrogenation o f Zephyr 
oil with the different catalysts is presented in Table 4. The standard catalyst 
had the highest SII. Low activity catalysts appear to result in high levels of 
trans-isomers in the selective hydrogenation o f Zephyr oil.

The change in fatty acid com position during selective hydrogenation is 
presented in Table 5. There was considerable variation in the levels of 18:3
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T a b le  1. D e c r e a s e  i n  i o d i n e  v a l u e  d u r i n g  h y d r o g e n a t i o n  o f  

r a p e s e e d  o i l  ( Z e p h y r ) .  S e l e c t i v e  c o n d i t i o n s  a n d  0 . 2 %  c a t a l y s t  

c o n c e n t r a t i o n .  I n i t i a l  i o d i n e  v a l u e  1 1 1 .1

T i m e

( m i n )

C a t a l y s t

A B C D E S

8 1 0 2 . 6 9 9 . 3 9 9 . 8 9 9 . 2 1 0 2 . 0 1 0 9 . 3

15 9 7 . 6 9 3 . 2 9 8 . 9 9 1 . 1 9 5 . 9 1 0 5 . 1

2 1 9 2 . 6 8 9 . 0 9 2 . 8 8 6 . 3 9 1 . 6 1 0 2 . 2

2 7 8 6 . 9 8 5 . 3 8 9 . 9 8 3 . 9 8 7 . 5 1 0 0 . 0

3 3 8 4 . 2 8 3 . 7 8 5 . 1 8 1 . 3 8 6 . 5 9 5 . 6

3 9 8 1 . 9 8 2 . 6 8 3 . 6 8 0 . 4 8 5 . 8 9 4 . 0

4 5 8 1 . 4 8 1 . 5 8 1 . 1 7 8 . 2 8 4 . 4 9 1 . 8

5 2 7 9 . 3 8 0 . 6 7 8 . 5 7 6 . 2 8 2 . 7 9 1 . 4

6 0 7 6 . 2 7 7 . 8 7 1 . 8 6 9 . 1 7 9 . 6 8 9 . 5

T ab le  2 .  C a t a l y s t  a c t i v i t y  a f t e r  

6 0  m i n  o f  h v d r o g e n a t i o n  o f  

r a p e s e e d  o i l  ( Z e p h y r ) .  

S e l e c t i v e  c o n d i t i o n s  a n d  0 . 2 %  

c a t a l v s t  c o n c e n t r a t i o n

C a t a l y s t

A c t i v i t y  

A  I V / m i n

A 0 . 5 8

B 0 . 5 6

C 0 . 6 6

D 0 . 7 0

E 0 . 5 3

S 0 . 3 6

T a b le  3 .  T r a n s - i s o m e r  c o n t e n t  ( %  ) o f  h y d r o g e n a t e d  r a p e s e e d  o i l  

( Z e p h v r ) .  S e l e c t i v e  c o n d i t i o n s  a n d  0 . 2 %  c a t a l y s t  c o n c e n t r a t i o n

T i m e

( m i n )

C a t a l y s t

A B C D E S

8 9 . 3 1 2 . 2 1 2 . 5 1 2 . 8 9 . 7 7 . 5

15 1 1 . 6 1 9 . 0 17.1 1 7 . 8 1 2 . 2 1 1 . 9

21 1 2 . 7 2 3 . 0 2 1 . 0 2 4 . 4 2 1 . 8 1 7 . 9

2 7 2 0 . 2 2 9 . 8 2 3 . 6 2 5 . 5 2 5 . 9 2 1 . 9

3 3 2 3 . 8 3 2 . 5 2 6 . 6 3 2 . 1 2 8 . 0 2 4 . 8

3 9 2 7 . 2 3 6 . 0 2 7 . 9 3 3 . 7 2 9 . 4 2 7 . 6

4 5 2 7 . 5 3 7 . 0 3 1 . 4 3 6 . 8 3 0 . 1 2 8 . 8

5 2 2 9 . 7 3 8 . 9 3 2 . 9 3 8 . 3 3 1 . 7 3 1 . 0

6 0 3 6 . 7 4 2 . 7 3 3 . 2 4 1 . 6 3 5 . 2 3 3 . 3
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T a b le  4 . S p e c i f i c  i s o m e r i z a t i o n  i n d e x  ( SI I ) f o r  t h e  h y d r o g e n a t i o n  

o f  r a p e s e e d  o i l  ( Z e p h y r ) .  S e l e c t i v e  c o n d i t i o n s  a n d  0 . 2 r ’r c a t a l y s t  

c o n c e n t r a t i o n

T i m e

( m i n )

C a t a l y s t

A B C D E S

8 1 . 0 9 1 . 0 3 1.11 1 . 0 8 1 . 0 7 4 . 1 7

15 0 . 8 6 1 . 0 6 1 . 4 0 0 . 8 9 0 . 8 0 1 . 9 8

21 0 . 6 9 1 . 0 4 1 .1 5 0 . 9 8 1 . 1 2 2 . 0 1

2 7 0 . 8 3 1 . 1 6 1.1 1 0 . 9 4 1 . 1 0 1 . 9 7

3 3 0 . 8 8 1 . 1 9 1 . 0 2 1 . 0 8 1 . 1 4 1 . 6 0

3 9 0 . 9 3 1 . 2 6 1 .01 1 . 1 0 1 . 1 6 1.61

4 5 0 . 9 3 1 .2 5 1 . 0 5 1 . 1 2 1 . 1 3 1 . 4 9

5 2 0 . 9 3 1 . 2 8 1.01 1 . 1 0 1 . 1 2 1 . 5 7

6 0 1 . 0 5 1 . 2 8 0 . 8 4 0 . 9 9 1 . 1 2 1 . 5 4

T a b le  5 . F a t t y  a c i d  c o m p o s i t i o n  o f  h y d r o g e n a t e d  r a p e s e e d  o i l  ( Z e p h y r ) .  S e l e c t i v e  

c o n d i t i o n s  a n d  0 . 2 9 7  c a t a l y s t  c o n c e n t r a t i o n

F a t t y  a c i d s  ( w t  %)
T i m e  I o d i n e

( m i n ) C a t a l y s t v a l u e 1 6 : 0 1 8 : 0 1 8 : 1 1 8 : 2 1 8 : 3

0 — 1 1 1 . 1 5 . 1 5 . 8 6 0 . 8 1 8 . 0 8 . 3

21 A 9 2 . 6 4 . 5 5 . 6 7 0 . 8 1 3 . 6 2 . 3

2 1 B 8 9 . 0 4 . 6 5 . 5 7 6 . 1 8 . 8 3 . 0

2 1 C 9 2 . 8 4 . 6 5 . 8 7 4 . 8 10.1 2 . 6

2 1 D 8 6 . 3 4 . 5 5 . 6 7 8 . 6 7 . 5 1 .7

2 1 E 9 1 . 6 5 . 1 5 . 6 7 2 . 4 1 2 . 0 2 . 3

21 S 1 0 2 . 2 5 . 3 5 . 5 6 8 . 2 1 6 .3 3 . 9

3 9 A 8 1 . 9 5 . 2 7 . 8 7 7 . 3 5 . 5 1 .5

3 9 B 8 2 . 6 5 . 0 7 . 8 7 8 . 6 4 . 0 2 . 3

3 9 C 8 3 . 6 5 . 6 8 . 1 7 6 . 2 4 . 8 2 . 3

3 9 D 8 0 . 4 4 . 6 11.1 7 4 . 2 5 . 5 1 .8

3 9 E 8 5 . 8 4 . 9 8 . 3 7 4 . 3 8 . 2 1 .8

3 9 S 9 4 . 0 4 . 7 5 . 9 7 3 . 3 12.1 1 .9

6 0 A 7 6 . 2 5 . 4 1 0 . 5 7 6 . 9 .3.8 0 . 5

6 0 B 7 7 . 8 4 . 7 1 2 . 2 7 6 . 5 2 . 5 1 .5

6 0 C 7 1 . 8 4 . 7 1 7 .5 7 1 . 5 2 . 4 1 .6

6 0 D 6 9 . 1 5 . 2 1 9 . 8 6 8 . 2 3 . 1 1.1

6 0 E 7 9 . 6 5 . 3 1 0 .3 7 5 . 5 5 . 6 0 . 6

6 0 S 8 9 . 5 4 . 9 6 . 2 7 6 . 5 9 . 8 1 .0
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T a b le  6 . S e l e c t i v i t y  r a t i o  f o r  t h e  

h y d r o g e n a t i o n  o f  r a p e s e e d  o i l  ( Z e p h y r )  w i t h  

d i f f e r e n t  c a t a l y s t s  a f t e r  6 0  m i n

C a t a l y s t  S - S „ L I U
S e l e c t i v i t y

r a t i o

A 4 . 7 0 0 . 2 1 1 6 . 8
B 6 . 4 2 0 . 1 4 1 3 . 5
C 1 1 . 7 1 0 . 1 3 7 . 4
D 1 3 . 9 8 0 . 1 7 5 . 9
E 4 . 4 8 0 . 3 1 1 5 . 3
S 0 . 4 0 0 . 5 4 1 1 4 . 0

U  L0

F ig u r e  1. G r a p h  f o r  t h e  d e t e r m i n a t i o n  o f  s e l e c t i v i t y  r a t i o  ( i n d i c a t e d  b y  n u m b e r s  o n  

c u r v e s )  f o r  t h e  s e l e c t i v e  h y d r o g e n a t i o n  o f  l o w  e r u c i c  a c i d  r a p e s e e d  o i l  ( Z e p h y r ) .

fa tty  ac id s  re m a in in g  a f te r  60 m in h y d ro g e n a tio n  w ith  d iffe re n t ca ta ly sts  an d  
th is  w as a lso  th e  case  fo r  th e  levels o f  1 8 :2  fa tty  ac ids. F ro m  th e  ch an g e  in fa tty  
a c id  c o m p o s itio n , th e  se lec tiv ity  ra tio  w as ca lc u la ted  acco rd in g  to  th e  
p ro c e d u re  d e sc r ib e d  e a r lie r  (E l-S h a tto ry  et al., 1980), see T ab le  6. T h e  
se le c tiv ity  ra tio  is d e f in e d  as K >/K,3, w h e re  K , = 1 - L / L 0 an d  K A = S -  S» ( L 0 
a n d  So re p re s e n t  th e  lino le ic  an d  s tea r ic  ac id  c o n te n t o f  th e  oil a n d  L an d  S th e  
lev e ls  in  th e  h y d ro g e n a te d  sam p le ). F ro m  th e  d a ta ,  it is p o ssib le  to  co n s tru c t a 
g ra p h  as sh o w n  in F ig . 1 w hich  e n a b le s  th e  value  o f  th e  se lec tiv ity  ra tio  to  be 
d e te rm in e d  g ra p h ic a lly . T h e  se lec tiv ity  ra tio  w as h ig h es t fo r th e  s ta n d a rd  
c a ta ly s t,  in te rm e d ia te  fo r  ca ta ly sts  A , B an d  E  an d  low est fo r  ca ta ly sts  C  an d  
D .



T h e  p h y sica l ch a ra c te ris tic s  o f  th e  h y d ro g e n a te d  oils w ere  ch a ra c te riz e d  by 
m e a s u re m e n t  o f  d ro p p in g  p o in ts  an d  so lid  fa t co n ten ts . T h e  d ro p p in g  p o in ts  o f  
th e  so lid  sam p le s  a re  lis ted  in T a b le  7. T h e  values o b ta in e d  fo r d iffe ren t 
c a ta ly s ts  sh o w  c o n s id e ra b le  v a r ia tio n . T h e re  a p p e a rs  to  be so m e re la tio n sh ip  
b e tw e e n  ca ta ly s t ac tiv ity  an d  d ro p p in g  p o in t as th e  m ost active ca ta ly sts  
re s u lte d  in th e  h ig h es t d ro p p in g  p o in t an d  th e  least ac tive ca ta ly sts  in th e  
lo w e s t d ro p p in g  p o in ts . S im ila r o b se rv a tio n s  can  b e  m ad e  w ith  re sp ec t to  th e  
so lid  fa t  c o n te n ts  (F igs 2 -3 ) . G e n e ra lly , th e  least ac tive ca ta ly sts  re su lte d  in th e  
lo w es t so lid  fa t c o n te n ts .
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T a b le  7 .  D r o p p i n g  p o i n t  ( ° C )  o f  r a p e s e e d  o i l  ( Z e p h y r )  

h y d r o g e n a t e d  w i t h  0 . 2 %  o f  d i f f e r e n t  c a t a l y s t s  f o r  5 2  a n d  6 0  m i n

C a t a l y s t

T i m e ----------------------- ----------

( m i n )  A  B  C  D  E  S

5 2  2 5 . 2  2 4 . 4  2 8 . 0  2 8 . 3  2 1 . 4  2 1 . 2

6 0  2 8 . 2  2 7 . 8  3 3 . 6  3 3 . 8  2 4 . 1  2 3 . 8

F ig u re  2 . S o l i d  f a t  c o n t e n t  o f  h y d r o g e n a t e d  r a p e s e e d  o i l  ( Z e p h y r ) .  H y d r o g e n a t i o n  

t i m e  3 9  m i n .  s e l e c t i v e  c o n d i t i o n s  a n d  0 . 2 %  c a t a l y s t  c o n c e n t r a t i o n .

T h e  re su lts  p re s e n te d  in th is  s tu d y  in d ica te  th a t  v a rio u s  com m ercia l ca ta ly sts  
m ay  y ie ld  c o n s id e ra b ly  d iffe re n t re su lts  in th e  h y d ro g e n a tio n  o f  low  erucic  
r a p e s e e d  o il (Z e p h y r) .
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F ig u re  3 . S o l i d  f a t  c o n t e n t  o f  h y d r o g e n a t e d  r a p e s e e d  o i l  ( Z e p h y r ) .  H y d r o g e n a t i o n  

t i m e  6 0  m i n .  s e l e c t i v e  c o n d i t i o n s  a n d  0 . 2 %  c a t a l y s t  c o n c e n t r a t i o n .
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Relationship between colour and brown pigment concentration 
in orange juices subjected to storage temperature abuse

G . L . R O B E R T S O N  a n d  M . J . R E E V E S

Summary

T h e  b ro w n in g  in d ex  o f  o ra n g e  ju ice s  w hich  h a d  b een  su b je c te d  to  s to rag e  
te m p e r a tu r e  a b u se  (55°C  fo r  u p  to  40 .5  h r)  w as h ighly  c o rre la te d  w ith  th e  C IE  
tr is t im u lu s  v a lu e s  as m e a su re d  o n  a N e o te c  D u -C o lo r C o lo u r  D iffe ren c e  M e te r . 
T h e  c o r re la t io n  co e ffic ien ts  a n d  th e  m u ltip le  reg ress io n  e q u a tio n  h av e  b ee n  
c a lc u la te d . W h e n  th e  tr is tim u lu s  va lu es  w e re  c o n v e rte d  to  U S D A  co lo u r sco res , 
th e  v a lu e s  o b ta in e d  w e re  n o t in th e  sam e ra n g e  as th e  U S D A  p lastic  s ta n d a rd s  
fo r  o ra n g e  ju ic e . T h e  level o f  c o rre la tio n  b e tw e e n  th e  c o lo u r sco res  a n d  th e  
b ro w n in g  in d ex  w as to o  low  to  be  u sefu l fo r  p re d ic tio n  p u rp o se s . W h e n  th e  
tr is t im u lu s  v a lu es  w e re  c o n v e rte d  to  H u n te r ’s c itru s  re d  an d  c itru s  yellow  
p a r a m e te r s ,  a s ign ifican t c o rre la tio n  w as fo u n d  b e tw e en  th ese  p a ra m e te rs  an d  
th e  b ro w n in g  in d ex . H o w e v e r , th e  level o f  v a r ia tio n  ex p la in e d  by  th e  c o r re la 
t io n  w as  ag a in  to o  low  to  be  u sefu l fo r  p re d ic tio n  p u rp o se s .

Introduction

O n e  o f  th e  m o s t im p o r ta n t  a ttr ib u te s  o f  c itru s  ju ices  is th e ir  co lo u r. A lth o u g h  
t ra d it io n a lly  c o lo u r  a sse ssm en ts  o f  ju ices  h av e  b e e n  m ad e  su b jec tiv e ly  by 
c o m p a r in g  sa m p le s  w ith  p las tic  co lo u r s ta n d a rd s  (e .g . A n o n .,  1963), 
in s tru m e n ta l  m e th o d s  o f  co lo u r m e a su re m e n t a re  ava ilab le  (H id a lg o . R o d rig o  
&  A lc e d o , 1974). T h e  p rin c ip les  o f  tr is tim u lu s  c o lo rim e try  w e re  ap p lied  in a 
m o d if ie d  fo rm  w h e n  th e  H u n te r  C itru s  C o lo r im e te r  w as d e v e lo p e d , p rin c ip a lly  
fo r  th e  m e a s u re m e n t  o f  c itru s  ju ice  c o lo u r (H u n te r ,  1967). R e c e n tly , tr is tim u lu s  
c o lo u r  m e a s u re m e n t o f  fru it d rin k s  w as m ad e  in re la tio n  to  p a s te u riz a tio n  
c o n d it io n s ,  s to ra g e  b e h a v io u r  a n d  ty p e  o f  raw  m a te r ia ls  u sed  (V an  d e r  H e ijd e n  
etal., 1979).

A u th o r s '  ad d ress: D e p a r tm e n t o f  F o o d  T e c h n o lo g y . M assey  U n iv ersity , P a lm erston  N o rth .
N e w  Z e a la n d .
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A lth o u g h  th e  ap p licab ility  o f  tris tim u lu s  co lo u r m e a su re m e n t fo r p ig m en t 
c o n c e n tra t io n  is lim ited  b ec au se  o f  light sca tte rin g  by in so lub le  p a rtic le s  in th e  
ju ic e ,  a s ta tis tic a lly  s ign ifican t re la tio n sh ip  cou ld  still be o f  use com m ercia lly .

C itru s  ju ices  a re  su scep tib le  to  a n u m b e r o f  d e te r io ra tiv e  re ac tio n s  d u rin g  
p ro c e s s in g  a n d  s to ra g e , w hich  re su lt in th e  d e v e lo p m e n t o f  o ff-flavours an d  
b ro w n  p ig m e n ts . U n til re c e n tly , m e th o d s  fo r th e  m e a su re m e n t o f  v isual 
b ro w n in g  c h a n g e s  in ju ices  w e re  n o t p a rticu la rly  ac c u ra te , d u e  m ain ly  to  
in te r fe re n c e  fro m  c a ro te n o id s  (Jo s ly n . 1957; K arel & N ick e rso n , 1964). 
R e c e n tly ,  h o w e v e r , a m e th o d  fo r d e te rm in in g  b ro w n in g  in c itru s  p ro d u c ts  w as 
d e s c r ib e d  (M e y d a v . S aguy &  K o p e lm a n . 1977) w hich  e lim in a ted  c a ro te n o id  
in te r fe re n c e  a n d  gave  g o o d  re p e a ta b ility .

T h e  d e v e lo p m e n t o f  b ro w n  p ig m en ts  is a usefu l in d ica to r  o f  s to rag e  
te m p e r a tu re  a b u se  in c itru s  ju ices  (N agy & D in sm o re , 1974). T h e re fo re  w e 
so u g h t to  d e te rm in e  w h e th e r  o r  n o t an  in s tru m en ta l m e th o d  o f  co lo u r 
m e a s u re m e n t  w as sen sitiv e  en o u g h  to  d e te c t chan g es in o ra n g e  ju ice  co lo u r as a 
re s u lt  o f  s to ra g e  te m p e ra tu re  ab u se , an d  w h e th e r  such chan g es in co lo u r 
c o r re la te d  w ith  th e  d e v e lo p m e n t o f  b ro w n in g  in th e  ju ice .

Materials and methods

Orange juices

Six c o m m e rc ia l fro zen  o ra n g e  ju ice  c o n c e n tra te s  (65°B rix) w ere u sed , o n e  
fro m  A u s tra lia  (c o d e d  A l ) ,  th re e  from  B razil (c o d ed  B l .  B2 an d  B 3) an d  tw o 
fro m  U .S .A .  (c o d e d  U1 an d  U 2). A lth o u g h  th e ir  p rec ise  age w as u n k n o w n , 
th e y  w e re  all less th a n  1 y ea r o ld  an d  h ad  b ee n  s to re d  a t — 18°C since p ro d u c tio n . 
T h e  c o n c e n tra te s  w e re  d ilu te d  w ith  d istilled  w a te r  to  16 ±  0 .5°B rix  b e fo re  being  
s u b je c te d  to  th e  tre a tm e n ts  d e sc rib ed  below .

Instrumental colour measurements

T h e se  w e re  m a d e  using  a D u -C o lo r M o d el 220 C o lo u r D iffe ren ce  M e te r  
(N e o te c  C o rp o ra tio n ,  R o ck v ille , M ary la n d , U .S .A .). fitted  w ith  an  illu m in an t 
C  ligh t so u rc e , th e  p ro to ty p e  o f  w hich has b een  d esc rib ed  by F a u lh a b e r  & 
W ith e re l l  (1971). I t  m e a su re s  an d  d isp lays th e  a b so lu te  re flec tan ce  o f  th e  sam p le  
in  C IE  (C o m m iss io n  In te rn a tio n a le  d e  l ’E c la irag e ) tris tim u lu s  values (Y , X , Z ). 
T h e s e  th re e  v a lu es  d efin e  th e  c o lo u r  o f  th e  sam p le . T yp ica lly , re d . yellow  an d  
b lu e  c o lo u re d  sam p les  h av e  as th e ir  la rg est va lue  X , Y  an d  Z  resp ec tiv e ly . 
O ra n g e  sam p le s  h av e  s im ila r va lu es  fo r X  an d  Y , b o th  o f  w hich  are  m uch  h ig h er 
th a n  th e  Z  v a lu e .

A  30-g  sa m p le  w as u sed  fo r all m easu rem en ts . T h e  sam ple  w as p laced  in a 
c o v e re d , o p tic a llv -c le a r  sam p le  h o ld e r , an d  a w hite  teflon  b ack in g  b lock  fixed 
in s id e  th e  sam p le  c o v e r (N e o te c  accesso ries C15 an d  C 16) co n ta c te d  th e  u p p e r  
su rfa c e  o f  th e  s a m p le , th e re b y  giv ing co n s ta n t sam ple  g eo m e try . T h e  re su lts  a re
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th e  m e a n  v a lu es  o f  th re e  re ad in g s  o f  each  p a ra m e te r  ta k e n  a f te r  th o ro u g h ly  
m ix in g  th e  sa m p le  in th e  cu p  each  tim e .

B ro wn ing d eterm in at io ns

T h e  m e th o d  d e sc r ib e d  by M ey d av , Saguy &  K o p e lm an  (1977) w as u sed : the  
b ro w n in g  in d ex  o f  th e  c larified  sam p les  w as ta k e n  as th e  a b so rb an ce  a t 420 nm  as 
m e a s u re d  in a S p e c tro n ic  70 s p e c tro p h o to m e te r  (B ausch  an d  L o m b ). A ll re su lts  
a re  th e  m e a n s  o f  d u p lic a te  d e te rm in a tio n s .

Treatments

In s tru m e n ta l  c o lo u r  m e a su re m e n ts  an d  b ro w n in g  d e te rm in a tio n s  w ere  m ade 
o n  th e  six o ra n g e  ju ices  w ith in  2 h r  o f  re c o n s titu tio n . T h e  ju ices w ere  th en  
p la c e d  in an  in c u b a to r  an d  h e ld  a t 55°C fo r  19 h r, a f te r  w hich tim e th e  
m e a s u re m e n ts  w e re  again  m a d e . T h e  ju ices  w ere  re tu rn e d  to  th e  sam e 
in c u b a to r  fo r  a fu r th e r  20.5 h r  an d  th e  m e a su re m e n ts  re p e a te d .

Results and discussion

T h e  re s u lts  o f  th e  in s tru m e n ta l c o lo u r  m ea su re m e n ts  an d  b ro w n in g  d e te rm in a 
t io n s  a re  p re s e n te d  in T a b le  1. T h e  tris tim u lu s  va lu es  o b ta in e d  fo r th e  six 
r e c o n s t i tu te d  o ra n g e  ju ices  a re  sim ilar to  th o se  o b ta in e d  by o th e r  w o rk e rs . F o r 
e x a m p le .  V a n  d e r  H e ijd e n  etal. (1979) re p o r te d  av e rag e  va lu es  o f  3 3 .9 .3 4 .8  and
6 .6  fo r  Y , X  a n d  Z  re sp ec tiv e ly  fo r  n ine  co m m erc ia l o ra n g e  juice co n c e n tra te s  
d i lu te d  to  20°B rix . T h e  b ro w n in g  in d ex es (B I) a re  g re a te r  th an  th o se  re p o rte d  
by  M e y d a v , S aguy  &  K o p e lm an  (1977) b u t th is is to  be ex p e c ted  since they  
e x a m in e d  fre sh  ju ices  w h e re a s  th e  ju ices u sed  in th is  s tu d y  h ad  b een  co n c e n 
t r a te d  a n d  th e n  re c o n s titu te d .

A s e x p e c te d  th e  b ro w n in g  ind ex  in c reased  w ith  th e  tim e  fo r w hich  th e  ju ices 
w e re  h e ld  a t 55°C . T h e  re a d in g s  fo r  B I, Y , X an d  Z  w ere  av e rag ed  fo r th e  six 
ju ices  fo r  a g iv en  tim e , an d  th e se  av e rag es  w e re  fitted  to  z e ro , ha lf, an d  first 
o r d e r  re a c tio n  ra te  e q u a tio n s . T h e  b es t fit fo r  all p a ra m e te rs  w as o b ta in e d  w ith 
th e  h a lf  o rd e r  e q u a tio n  (T a b le  2 ), a lth o u g h  b ecau se  o f  th e  lim ited  a m o u n t o f  
d a ta ,  th e  fit to  th e  o th e r  e q u a tio n s  w as n o t sign ifican tly  w o rse . F u rth e rm o re , 
b e c a u s e  o f  th e  lim ited  d a ta ,  o n ly  th e  m o d el fo r BI w as sign ifican t a t th e  5 %  level. 
T h e  re la t io n s h ip  d e r iv e d  w as

B I = 0 . 0 0 0 157t - +  0 .326

It h as  b e e n  r e p o r te d  (V a n  d e r  H e ijd e n  etal.. 1979) th a t a d ec rea se  in Y  is linear 
w ith  an  in c re a se  in s to ra g e  tim e  ( i.e . th a t th e  re ac tio n  is o f  ze ro  o rd e r) . It has 
a lso  b e e n  r e p o r te d  (M e ffe r t.  1964) th a t b ro w n in g  in c itru s  ju ices  is a h a lf  o rd e r  
r e a c tio n , a n d  o u r  re su lts  s u p p o r t th is  re p o rt .

36
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T a b le  1. T r i s t i m u l u s  v a l u e s  a n d  b r o w n i n g  i n d e x  

o f  r e c o n s t i t u t e d  o r a n g e  j u i c e s  a f t e r  v a r i o u s  

t r e a t m e n t s

T r i s t i m u l u s  v a l u e s B r o w n i n g

i n d e x

( ^ 4 2 0  nm)S a m p l e Y X Z

A f t e r  r e c o n s t i t u t i o n  

A l  3 4 . 9  3 4 . 2 8 . 3 0 . 3 0 0

B 1 3 4 . 8 3 3 . 9 8 . 4 0 . 3 2 1

B 2 3 1 . 6 3 2 . 1 7 . 5 0 . 3 5 0

B 3 3 3 . 4 3 2 . 6 8 . 9 0 . 2 9 5

U 1 3 2 . 2 3 3 . 5 5 . 9 0 . 3 7 5

U 2 3 5 . 4 3 4 . 6 8 . 2 0 . 2 6 5

A f t e r  19  h r  a t  5 5 ° C  

A l  3 0 . 6 3 0 . 4 7 . 8 0 . 3 1 9

B 1 3 0 . 3 3 0 . 0 7 . 4 0 . 3 5 2

B 2 2 6 . 4 2 6 . 8 6 . 4 0 . 4 8 5

B 3 2 6 . 6 2 6 . 5 7 . 3 0 . 3 9 7

U 1 2 8 . 4 2 9 . 4 5 . 6 0 . 4 6 0

U 2 3 1 . 8 3 1 . 2 8 . 1 0 . 3 4 8

A f t e r  4 0 . 5  h r  a t  5 5 ° C  

A l  1 9 . 1  1 9 . 4 5 . 9 0 . 5 4

B 1 1 9 . 3 1 9 . 8 5 . 6 0 . 5 7

B 2 1 8 . 1 1 8 . 6 5 . 2 0 . 6 0

B 3 1 6 . 0 1 6 . 2 5 . 2 0 . 6 3

U 1 1 9 . 7 2 0 . 5 4 . 5 0 . 6 5

U 2 2 1 . 0 2 1 . 3 6 . 4 0 . 4 9 5

T ab le  2 .  C o r r e l a t i o n  c o e f f i c i e n t s  f o r  t h e  

a v e r a g e s  o f  t h e  t r i s t i m u l u s  v a l u e s  a n d  

b r o w n i n g  i n d e x  w i t h  t i m e  o f  j u i c e  

t r e a t m e n t ,  f i t t e d  t o  a  h a l f - o r d e r  r e a c t i o n

r a t e  e x p r e s s i o n

T r i s t i m u l u s  v a l u e s B r o w n i n g

i n d e x

Y  X  Z ( ^ 4 2 0  nm)

- 0 . 9 9 5  - 0 . 9 9 5  - 0 . 9 9 4 0 . 9 9 7 *

* S i g n i f i c a n t  a t  P < 0 . 0 5 ,  1 d . f .

T h e  c o rre la tio n s  b e tw e e n  th e  th re e  tris tim u lu s va lu es  an d  th e  b ro w n in g  
in d ex  a re  p re s e n te d  in  T a b le  3. T h e  Y  an d  X  values a re  highly  c o rre la te d  w ith  
e a c h  o th e r ,  th e  re g re ss io n  e q u a tio n  o f  Y  o n  X  bein g

Y  =  1 .05X  — 1.38

(r =  0 .9 9 6 ; P < 0 .0 0 1 ;  16 d .f .) .  A ll th re e  tris tim u lu s  va lu es  w e re  h ighly
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c o r re la te d  w ith  th e  b ro w n in g  in d ex , Y  b e in g  th e  m o st h igh ly  c o rre la te d . T h e  
d if fe re n c e  b e tw e e n  th e  c o rre la tio n  coeffic ien ts  is n o t significant.

T a b le  3 .  C o r r e l a t i o n  c o e f f i c i e n t s *  f o r  t r i s t i m u l u s  

v a l u e s  a n d  b r o w n i n g  i n d e x

T r i s t i m u l u s  v a l u e s

Y X  z

X 0 . 9 9 6

z 0 . 8 3 9 0 . 7 9 3

B r o w n i n g  i n d e x - 0 . 9 5 6 - 0 . 9 4 0  - 0 . 9 2 3

* A l l  c o e f f i c i e n t s  s i g n i f i c a n t  a t  P  < 0 . 0 0 1  ; 16  d . f .

M u ltip le  re g re ss io n  ana lysis  fo r  th e  b ro w n in g  index  b ased  o n  th e  th ree  
tr is t im u lu s  v a lu es  g ave  as an  es tim a tin g  eq u a tio n :

B I =  0 .0 3 0 9 Y  -  0 .0 4 0 2 X  -  0 .0 6 5 Z  +  1.1289 (1)

( a- =  0 .9 8 6 ; P < 0 .0 0 1 ;  14 d .f .) .  H o w e v e r, th is w as on ly  a m arg ina l
im p ro v e m e n t in  fit o v e r  th e  m u ltip le  reg ress io n  e q u a tio n  b ase d  o n  X  a n d  Z :

B I =  - 0 . 0 1 1 2 X - 0 .0 4 5 0 Z +  1.0418 (2)

(r — 0 .9 8 4 ; P < 0 .0 0 1 ;  15 d .f .) .  In  e q n  (1) th e  coeffic ien ts  o f  Y  an d  X  are  n o t 
s ig n ifican t a t  P  =  0 .0 5 , w hile  in  e q n  (2) th e  coeffic ien ts  o f  X  an d  Z  are 
s ig n ifican t a t  P <  0 .001 .

T h u s  th e re  is little  a d v a n ta g e  in using  a c o lo r im e te r  w ith  th re e  ra th e r  th an  
tw o  p h o to d e te c to r s  to  d e te rm in e  s to rag e  te m p e ra tu re  ab u se  in o ra n g e  ju ices, 
s in ce  b o th  c o r re la te  to  a s im ila r e x te n t w ith  th e  b ro w n in g  index .

T h e  tr is tim u lu s  d a ta  fro m  T a b le  1 w e re  c o n v e rte d  to  H u n te r ’s ‘c itru s  r e d ’ 
(C R )  a n d  ‘c itru s  y e llo w ’ (C Y ) va lu es  using  th e  e q u a tio n s  o f  H u n te r  (1967):

11 .2 7 7 X - 0 .2 1 3 Z  \
C R  =  200 ( ---------- —------------ - 1  j

/  0 .8 4 7 Z
a n d  C Y  =  100 1 -  ----------

\  Y

T h e  c itru s  re d  a n d  yellow  v a lu es  d id  n o t c o rre la te  as w ell w ith  th e  b row ning  
in d e x  (T a b le  4) as d id  th e  in d iv id u a l Y , X  an d  Z  va lu es  (T ab le  3). T h is could  
b e  d u e  to  th e  in c o rp o ra tio n  o f  th e  e r ro rs  ca u sed  by d issim ilarity  in 
in s tru m e n ta l  g e o m e try  o r  sam p le  b ac k g ro u n d .
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T a b le  4 . C o r r e l a t i o n  c o e f f i c i e n t s  f o r  c i t r u s  r e d .  

c i t r u s  y e l l o w ,  b r o w n i n g  i n d e x  a n d  t r i s t i m u l u s  

v a l u e s

Y  X Z B I

C R - 0 . 4 2 6  - 0 . 3 4 6  - 0 . 8 1 7 * 0 . 5 7 9 +

C Y 0 . 6 6 5 * 0 . 7 1 8 * 0 . 1 6 5 - 0 . 4 6 2

* S i g n i f i c a n t  a t  P  <  0 . 0 1 :  15 d . f .  

^ S i g n i f i c a n t  a t  P <  0 . 0 5 :  15 d . f .

U n til  th e  d e v e lo p m e n t o f  su itab le  in s tru m e n ts , th e  s ta n d a rd  m e th o d  o f 
c o lo u r  sco rin g  o f  o ra n g e  ju ice  w as to  c o m p are  th e  c o lo u r o f  th e  ju ice  w ith  a 
se r ie s  o f  p la s tic  tu b e s  d es ig n ed  specifically  fo r  d irec t v isual co m p ariso n  w ith  
te s t  ju ic e s . Six p la s tic  tu b e s  w e re  av a ilab le  d e s ig n a ted  O J1  to  O J6 . T h e  tu b es  
O J2  to  O J 6  re sp e c tiv e ly  w ere  assigned  v isual co lo u r scores o f  40, 39, 37, 36 an d  
34 (A n o n . ,  1963).

In  th e  in s tru m e n t d e v e lo p e d  by  H u n te r  (1976) to  m easu re  c itru s  ju ice 
c o lo u rs , th e  U S D A  p las tic  s ta n d a rd s  w e re  u sed  fo r  ca lib ra tio n  p u rp o se s . U sing  
su ch  a n  in s tru m e n t, th e  b e s t s in g le -n u m b er m e a su re m e n t o f  o ra n g e  ju ice  
c o lo u r  is k n o w n  as H u n te r  a. It is p o ssib le  to  ca lcu la te  H u n te r  a va lu es  from  
th e  Y  a n d  X  tr is tim u lu s  va lu es  using  th e  ex p ressio n  (F ran c is  an d  C lv d esd a le .
1975):

/  ( 21 +  0 . 2 Y \ \

iT ffd )< '-02x- Y> <3)
T h e  re la tio n sh ip  b e tw e e n  U S D A  co lo u r sco re  (C S ) an d  H u n te r  a va lu es  has 
b e e n  re p o r te d  (E d w a rd s  et al., 1962) as fo llow s:

C S  =  39 .44  +  0 .87«  (4)

T h e  d a ta  in  T a b le  1 w e re  su b s titu te d  in to  eq n s  (3) a n d  (4) to  ca lcu la te  a an d  
C S  v a lu es . T h e  re su ltin g  c o lo u r  sco res ra n g e d  from  a low o f  38 .8  to  a h igh o f
4 5 .1 , b o th  o f  w h ich  w e re  fo r  n o n -h e a t t re a te d  sam p les . G e n e ra lly , h o w ev er, 
th e  c o lo u r  sco re s  in c re a se d  w ith  an  in crease  in th e  b ro w n in g  index  (r = 0 .653; 
P <  0 .0 1 ; 16 d .f .) .

C o m p a rin g  th e  c o lo u r  sco res  o b ta in e d  by th e  ap p lica tio n  o f  e q n s  (3) a n d  (4) 
to  o u r  d a ta  w ith  p u b lish e d  sco res  fo r  th e  U S D A  p lastic  s ta n d a rd s  show s th a t 
o u r  sco re s  c o v e r a  ra n g e  five p o in ts  h ig h er. T h is co u ld  be  d u e  to  th e  d iffe ren ces  
in o p tica l g e o m e try  a n d  ca lib ra tio n  b e tw e en  th e  H u n te r  C itru s  C o lo r im e te r  
a n d  th e  N e o te c  D u -C o lo r , since th e  d a ta  o f  V a n  d e r  H e ijd e n  et al. (1979) 
w h ich  w as a lso  o b ta in e d  w ith  a D u -C o lo r , co n v e rts  to  give co lo u r sco res  in th e  
sam e  g e n e ra l ra n g e  as fo r  o u r  d a ta .
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O u r  re su lts  h a v e  sh o w n  th a t  th e  s to rag e  te m p e ra tu re  ab u se  o f  o ra n g e  ju ices 
as  m e a s u re d  by  th e  b ro w n in g  index  can  b e  closely  p re d ic te d  b y  th e  C IE  
tr is t im u lu s  v a lu es  as m e a su re d  o n  a N e o te c  D u -C o lo r  C o lo u r D iffe ren ce  
M e te r .  T h e re fo re  tr is tim u lu s  v a lu es  co u ld  b e  u sed  com m erc ia lly  fo r  ro u tin e  
q u a lity  c o n tro l  p u rp o s e s  in s te a d  o f  b ro w n in g  in d ex  m ea su re m e n ts . A lth o u g h  
th e  b ro w n in g  in d e x  w as sign ifican tly  c o r re la te d  w ith  H u n te r ’s c itru s  re d  an d  
c itru s  y e llo w  p a ra m e te r s ,  th e  level o f  v a r ia tio n  e x p la in e d  by  th e  co rre la tio n  
w as to o  low  to  b e  u se fu l fo r  p re d ic tio n  p u rp o se s .

T ris tim u lu s  d a ta  o b ta in e d  fro m  a  N e o te c  D u -C o lo r  C o lo u r D iffe ren ce  
M e te r  d id  n o t  c o n v e rt  to  c o lo u r  sco res  in  th e  sam e ra n g e  as th e  U S D A  plastic  
s ta n d a rd s  fo r  o ra n g e  ju ice . W h ile  th e  co lo u r sco res c o rre la te d  significantly  
w ith  th e  b ro w n in g  in d e x , fo r  p re d ic tio n  p u rp o se s  th e  level w as to o  low  to  be 
u se fu l.

Colour and brown pigment in orange juices
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Amyloglucosidase and maltase activities in soy sauce 
fermentations

K . E . A ID O O * , R . H E N D R Y +  a n d  B. J. B. W O O D ± §

Summary

E v id e n c e  fo r  th e  p a r tic ip a tio n  o f  am ylog lu co sid ase  an d  m altase  in th e  koji 
(m o u ld  g ro w th )  s tag e  o f  e x p e rim e n ta l soy sauce  fe rm e n ta tio n s  is p re sen ted . 
D e sp ite  th e  p ro b le m s  asso c ia te d  w ith  d istin g u ish in g  b e tw e en  th ese  tw o  enzym e 
a c tiv itie s  in a co m p lex  m ix tu re , it seem s c lea r th a t b o th  a re  p re se n t an d  th a t 
m a lta s e  in c re a se s  in c o n c e n tra tio n  th ro u g h o u t th e  fe rm e n ta tio n  w h ereas  
a m y lo g lu c o s id a se  c o n c e n tra tio n s  d ec lin e d  in fe rm e n ta tio n s  c o n d u c te d  fo r m ore 
th a n  64 h r. T L C  sh o w ed  th a t m a lto se  q u ick ly  d isa p p e a rs  from  th e  ko ji leaving 
g lu c o se  as th e  o n ly  m a jo r  su g ar. S u b m e rg ed  liqu id  fe rm e n ta tio n s  an d  incu 
b a t io n  o f  s ta rc h  so lu tio n  w ith  c ru d e  enzym e ex tra c ts  from  ko ji b o th  su p p o rted  
th e  c o n c lu s io n s  o b ta in e d  from  e x p e rim e n ts  w ith  ko ji.

Introduction

E n z y m e s  in v o lv ed  in e x p e rim e n ta l soy sauce  fe rm e n ta tio n s  have  b ee n  re p o rte d  
as in c lu d in g  su c ra se , e n d o -am y la se  (a -a m y la se ) , p ro te in a se s , lipase an d  p h o s
p h a ta s e  (Y o n g  &  W o o d , 1974, 1975, 1976, 1977a,b) an d  ce llu lase an d  ex o 
am y la se  (G o e l &  W o o d , 1978); an d  th e ir  ac tiv ities in hyd ro lysing  th e  po ly 
s a c c h a r id e s , p ro te in s ,  fa ts  e tc . ,  in th e  soy b e a n -w h e a t m ix tu re  have been  
d isc u sse d  by  th e se  a u th o rs .

T h is  r e p o r t  d e a ls  w ith  th e  ac tiv ities o f  tw o  o th e r  am ylo ly tic  enzym es, 
a m y lo g lu c o s id a se  a n d  m a lta se  (a -g lu co s id ase )  w hich have  b een  d e te c te d  in soy

A u th o r s '  a d d resses: '¡'D epartm ent o f  C h em ica l and P ro cess E n g in eer in g , and ¿ D ep a rtm en t o f  
A p p lie d  M ic r o b io lo g y , B io te c h n o lo g y  U n it . U n iv ers ity  o f  S tra th c ly d e . 204 G e o rg e  S treet. 
G la sg o w  G 1 1X W .

* P resen t a d d ress: D e p a r tm e n t o f  B io lo g ica l S c ie n c e s , U n iv ersity  o f  S c ien ce  and T e ch n o lo g y . 
K u m a s i. G h a n a .

§ T o  w h o m  c o r r e sp o n d e n c e  sh o u ld  b e  a d d ressed .
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sa u c e  fe rm e n ta t io n s . A m y lo g lu co sid ase  hyd ro lyses s ta rch  an d  d e x trin  to  
g lu co se . I t  b re a k s  d o w n  b o th  a - 1,4- an d  a -1 ,6 -lin k ag e s  an d  also  a - 1,3 -linkages 
(P a z u r  &  A n d o . 1959: F o g a rty , G riffin  & Jo y ce , 1974). M altase  h yd ro lyses 
m a lto s e  to  g lu co se  a n d  a lso  show s so m e co n s id e rab le  ac tiv ity  to w ard s  th e  a - 1,4 
lin k a g e s  in sa c c h a r id e s  co n sis tin g  o f  sev e ra l g lucose u n its . T h is enzym e also  acts 
as  a lim it d e x tr in a se  ( i.e . it is ab le  to  hyd ro ly se  th e  a -1 ,6 -lin k ag e s  o f  lim it 
d e x tr in )  th u s  m a k in g  p o ss ib le  th e  c o m p le te  co n v e rs io n  o f  s ta rch  in to  
fe rm e n ta b le  su g ars  (P a z u r & F re n c h , 1952; U n d e rk o fle r  & H ick ey , 1954; de 
M e n e z e s , 1978). M a lta se  a lso  sp lits  a -1 ,2 -  an d  a -1 ,3 -lin k ag e s  (G u tm a n . 1970).

P a z u r  &  F re n c h  (1951) d e sc rib ed  an  en zy m e o f  Aspergillus oryzae w hich  
sy n th e s iz e d  a  tr is a c c h a rid e , p an o se  (4 -a -iso m alto sy l-D -g lu co se ) from  m alto se  
a n d  a  y e a r  la te r  p re s e n te d  ev id en c e  fo r  th e  m ech an ism  o f  ac tio n  o f  th is  e n z y m e , 
a  tra n sg lu c o s id a se , o n  m a lto se . E v id en c e  fo r  th e  p re se n c e  o f  b o th  am y lo 
g lu c o s id a se  a n d  m a lta se  in an  en zy m e p re p a ra tio n  is g iven  by P azu r & A n d o  
(1959) w h o  s tu d ie d  th e  ac tio n  o f  th e se  enzym es fro m  A. niger on  s ta rc h  an d  
m a lto -o lig o sa c c h a rid e s . T h e y  sh o w ed  th a t  p u rified  am ylog lucosidase  w as 
c a p a b le  o f  h y d ro ly s in g  m a lto se  to  g lucose  b u t d id  n o t effec t th e  syn th esis  o f  
tra n sg lu c o sy lic  p ro d u c ts . In  c o n tra s t,  th e  o rig in a l (n o n -p u rified ) enzym e 
p re p a ra t io n  w as c a p a b le  o f  sy n th esiz in g  transg lucosy lic  p ro d u c ts  (iso m alto se  
a n d  p a n o s e )  d u r in g  th e  h y d ro lysis  o f  m a lto se  to  g lucose . T h ese  o b se rv a tio n s  
w e re  in te rp re te d  as ev id en c e  fo r  th e  p re sen ce  o f  a m alta se  w ith  tra n s fe r  activ ity  
in  th e  n o n -p u r if ie d  en zy m e p re p a ra tio n . T h e  m alta se  w as se p a ra te d  from  th e  
am y lo g lu co s id ase  by c h ro m a to g ra p h y . A lth o u g h  am ylog lucosidase  itse lf 
p o sse sse d  m a lta se - ty p e  ac tiv ity , it d id  n o t effec t tran sg lu co sy la tio n  reac tio n s .

A s  fa r  as w e k n o w , th e se  tw o am ylo ly tic  enzym es h av e  n o t b een  re p o r te d  in 
th e  soy  sau c e  fe rm e n ta t io n , a lth o u g h  th e ir  ac tiv ity  m ig h t e q u a te  to  so m e o r  all o f  
th e  e x o -am y la se  r e p o r te d  by G o e l &  W o o d  (1978) b u t n o t fu r th e r  ch a rac te rized  
as to  e n d  p ro d u c t( s )  b y  th e se  a u th o rs . In  a d d itio n  to  fo llow ing  th e  p ro d u c tio n  o f  
th e se  en z y m e s  in  soy  sau ce  k o ji fe rm e n ta tio n , fu r th e r  s tu d ies  w ere  ca rr ied  o u t 
o n  th e ir  p ro d u c tio n  in su b m e rg e d  fe rm e n ta tio n .

Materials and methods

K o ji f e rm e n ta t io n  w as ca rr ied  o u t w ith  th e  m o u ld  Aspergillus oryzae, s tra in  
N R R L  1989. M o ro m i o r  soy m ash  w as p re p a re d  by m ixing ko ji w ith  18%  
so d iu m  c h lo r id e  so lu tio n ; lac tic  ac id  w as a d d e d  to  lo w er th e  p H  to  4 .5  an d  th e n  
th e  m ix tu re  w as in o c u la te d  w ith  y eas t, Saccharomyces rouxii s tra in  N R R L , 
Y -27  a n d  in c u b a te d  a t 40°C  fo r  o n e  m o n th  (see Y o n g  &  W o o d , 1976 fo r  d e ta ils ) .

E n z y m e  e x tra c ts  fro m  ko ji w e re  p re p a re d  by  su sp en d in g  ko ji sam ples 
(a p p ro x im a te ly  2 g w e t w e ig h t) in 0.1 M  a c e ta te  b u ffe r , p H  5 .0  an d  sh ak in g  o n  a 
G riffin  F la sk  S h a k e r  (S eria l N o . 9020, G riffin  an d  G e o rg e  L td ), o p e ra tin g  at 
m e d iu m  sp e e d  fo r  15 m in  a t 10°C. T h e  su sp en sio n  w as ce n tr ifu g ed  a t 4000 rp m  
fo r  30 m in  o n  an  M S E  18 C en trifu g e  a t 10°C. E n zy m e ac tiv ities in k o ji w ere  
r e p o r te d  as u n its  p e r  g ram  d ry  w e ig h t. D e te rm in a tio n  o f  d ry  w eigh ts o f  ko ji w as
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b a s e d  o n  th e  m e th o d  o f  Ja c o b s  (1951). T h e  soy sauce  w as d ilu te d  five tim es and  
u se d  d ire c tly  as en z y m e  e x tra c t;  en zy m e ac tiv ities in m o ro m i fe rm e n ta tio n s  
w e re  n o t  a ssa y ed .

S u b m e rg e d  fe rm e n ta t io n  w ith  A. oryzae w as ca rr ied  o u t  w ith  C z ap e k -D o x  
m e d iu m  w ith  o r  w ith o u t g lucose  (2 .5  g /litre ) an d  s ta rc h  (1 % ) as su b s tra te . A  
w id e -n e c k  o n e - li tre  co n ica l flask  co n ta in in g  250 ml o f  m ed iu m  w as in o cu la ted  
w ith  a sp o re  su sp e n s io n  o f  A. oryzae (1 .0  x  10K sp o res/2 5 0  m l m ed iu m ) an d  
in c u b a te d  a t  30°C  fo r 4 day s o n  an  o rb ita l sh a k e r  (L .H . E n g in ee rin g , B u ck in g 
h a m s h ire )  o p e ra t in g  a t 200 rp m . A  p o rtio n  o f  th e  m ed iu m  (20 m l) w as ta k e n  
im m e d ia te ly  a f te r  in o c u la tio n  a n d  fu r th e r  sam p les  w ere  w ith d raw n  a t in te rv a ls  
a n d  im m e d ia te ly  c e n tr ifu g e d  a t 2000 rp m  fo r 10 m in on  an  M S E  18 C en trifu g e . 
S u p e rn a ta n ts  w e re  u sed  fo r  en zy m e assay  a n d  red u c in g  su g ar d e te rm in a tio n s .

A m v lo g lu c o s id a se  assay  w as b ase d  o n  th e  m e th o d  o f  L in eb a ck , R ussell & 
R a s m u s s e n  (1969) a n d  d e te rm in a tio n  o f  g lucose w as an  a d a p ta tio n  o f  th e  
g lu co se  o x id a se  m e th o d  o f  B a rh a m  & T r in d e r  (1972). T h e  en zy m e e x tra c t w as 
first d i lu te d  to  give a g lucose  c o n c e n tra tio n  n o t ex ceed in g  0 .2  m g/m l. T h e  
e n z y m e  a c tiv ity  w as m e a su re d  by  in cu b a tin g  1.5 m l o f  4 %  s ta rch  so lu tio n  w ith
0 .5  m l o f  en z y m e  e x tra c t a t 50°C fo r  30 m in . T h e  re a c tio n  w as te rm in a te d  by  th e  
a d d it io n  o f  8 .0  m l o f  70 %  e th y l a lco h o l an d  th e  p re c ip ita te  fo rm ed  w as re m o v e d  
b y  c e n tr ifu g a tio n  a t 5000 rp m  fo r  15 m in  o n  an  M S E  18 C en trifu g e . A  b lan k  w as 
p re p a re d  u n d e r  th e  sam e  co n d itio n s  as ab o v e  ex cep t th a t  a c e ta te  b u ffe r  (0 .5  m l) 
w as u se d  in s te a d  o f  en zy m e e x tra c t. A n  a liq u o t (0 .2  m l) o f  th e  s u p e rn a ta n t w as 
u s e d  fo r  th e  d e te rm in a tio n  o f  g luco se . G lu co se  w as d e te rm in e d  by in cu b a tin g  
0 .2  m l o f  th e  su g a r  so lu tio n , 3 .0  m l o f  co lo u r re ag en t an d  1.0 m l o f  c o u p le r  a t 
37°C  fo r  15 m in  a n d  a b so rb a n c e  re a d  a t 515 nm . T h e  co lo u r re a g e n t w as 
p re p a r e d ,  w ith  m o d ifica tio n , from  th a t o f  B a rh a m  & T rin d e r , by d isso lv ing  
p e ro x id a s e  (5 m g ), g lu co se  o x id ase  (50 m g ), am in o p h e n a z o n e  (35 m g) an d  
so d iu m  a z id e  (50  m g) in p h o s p h a te  b u ffe r , (100 m l), p H  7 .0 . T h is m od ifica tio n  
o f  d e c re a s in g  th e  a m o u n t o f  p e ro x id a se  w as n ecessa ry  to  o b ta in  th e  s ta n d a rd  
g ra p h  fo r  o u r  p u rp o s e . T h e  c o u p le r  w as su lp h o n a te d  2 ,4 , d ich lo ro p h e n o l (0 .123 
M ) d ilu te d  tw en ty -fiv e  tim es w ith  d is tilled  w a te r . G lu co se  p re se n t in th e  en zy m e 
e x tra c t  w as d e te rm in e d  se p a ra te ly  by  tre a tin g  0 .5  m l o f  th e  e x tra c t as ab o v e  an d  
s u b tra c tin g  th is  v a lu e  fro m  th e  en zy m e assay. T h e  en zy m e u n it w as th a t  a m o u n t 
o f  e n z y m e  w h ich  p ro d u c e d  1.0 m g g lucose in o n e  m in u te  u n d e r  th e  ab o v e  
c o n d itio n s .

M a lta se  assay  w as b ase d  o n  d e te rm in in g  g lucose p ro d u c e d  fro m  m a lto se  
s o lu tio n  (P a z u r  &  F re n c h , 1952; S e e th a ra m , S w am in a th an  &  R a d h a k r ish n a n , 
1970). E n z y m e  ac tiv ity  w as m e a su re d  by in cu b a tin g  eq u a l v o lu m es (0 .5  m l) o f  
th e  e n z y m e  e x tra c t a n d  m a lto se  (2 .0 % ) a t 30°C fo r  10 m in . T h e  re a c tio n  w as 
te rm in a te d  by  im m e rs in g  th e  re a c tio n  tu b e s  in a b o iling  w a te r  b a th  fo r  5 m in . 
D is ti lle d  w a te r  (4 .0  m l) w as n ex t a d d e d  to  th e  tu b e s  an d  0 .2  m l a liq u o ts  w ere 
re m o v e d  fo r  d e te rm in a tio n  o f  g luco se . O th e r  assay  p ro c e d u re s  an d  d efin itio n  o f  
th e  e n z y m e  u n it  w e re  s im ila r to  th o se  d esc rib ed  fo r  am v log lucosidase .

R e d u c in g  su g a r  c o n te n t  w as d e te rm in e d  by th e  d in itro sa licy lic  ac id  (D N S ) 
m e th o d  o f  S u m n e r  (1925).



546 K. E. Aidoo, R. Hendrv and B. J. B. Wood

T h e  ac tiv itie s  o f  ca rb o h y d ra se s  d u rin g  th e  ko ji an d  m o ro m i fe rm e n ta tio n s  
w e re  fo llo w ed  by  th in - la y e r  c h ro m a to g ra p h ic  (T L C ) ana lyses. K oji e x tra c t fo r 
T L C  w as p re p a re d  in th e  sam e w ay as th e  k o ji enzym e e x tra c t (ab o v e) ex cep t 
th a t  w a te r  w as u sed  in s te a d  o f  b u ffe r. M o ro m i ex tra c t w as p re p a re d  by filtering  
th e  m ash  th ro u g h  W h a tm a n  N o . 1 filter p a p e r  an d  d ilu tin g  th e  filtra te  th re e  
tim e s . T h e  soy  sau ce  w as also  d ilu te d  th re e  tim es. T h ese  d ilu te d  ex tra c ts  w ere 
a p p lie d  to  T L C  p la te s . T h e  m e th o d  o f  L a to  etal. (1968), w as used  fo r c h ro m a to 
g ra p h ic  an a ly se s  o f  low  m ol. w t c a rb o h y d ra te s  w ith  ethy l a c e ta te /a c e tic  ac id / 
m e th a n o l /w a te r  (6 0 : 15 :1 5  :10 ) as so lv en t system  an d  th e  sp o ts  w e re  d e te c te d  
w ith  n a p h th o re s o rc in o l  re a g e n t (A d a c h i, 1965), w hich  re ac ts  w ith  sugars to  give 
c o lo u re d  sp o ts  ra n g in g  fro m  b lu e  to  g re en -b lu e  aga in st a w h ite  b ac k g ro u n d  w ith  
all th e  su g a rs  te s te d  e x c e p t su cro se  a n d  fru c to se  w hich  gave crim son  spo ts.

Results and discussion

T h e  levels  o f  am y lo g lu co sid ase  an d  m altase  ac tiv ities d u rin g  ko ji fe rm e n ta tio n  
a re  sh o w n  in F ig . 1. A m y lo g lu co sid ase  w as d e te c ta b le  a f te r  20 h r  o f 
f e rm e n ta t io n  a n d  s ta r te d  to  d ec lin e  a f te r  a b o u t th e  64th  h r, w hile m alta se  
a c tiv ity  w as first d e te c te d  a b o u t 18 h r  a f te r  in o cu la tio n  an d  in c reased  fairly  
s te a d ily  th ro u g h o u t  th e  fe rm e n ta tio n . A th o u g h  th e  enzy m es riva lled  each  o th e r  
d u r in g  th e  first tw o  day s o f  fe rm e n ta tio n , th e re  w as a sign ifican t chan g e  in th e  
levels  a f te r  48 h r  o f  fe rm e n ta tio n . T h e  ac tiv ities o f  th ese  enzym es w ere  n o t 
fo llo w e d  d u rin g  th e  m o ro m i fe rm e n ta tio n , h o w e v e r th e  final p ro d u c t, soy 
s a u c e , sh o w ed  o n ly  v ery  sm all a m o u n ts  o f  e ith e r  en zy m e (T ab le  1).

Figure 1. A m y lo g lu c o s id a se  and m altase  activ ities in koji ferm en ta tio n . O ,  
A m y lo g lu c o s id a se ;  • .  m a lta se . E ach  p oin t w as d erived  from  three  separate  
e x p e r im e n ts  an d  ea ch  ex p e r im e n t w as d eterm in ed  in d u p lica te .
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Table 1. A m y lo ly tic  E n zy m es in S o y  S au ce

A m v lo g lu co sid a se  M altase
S a m p le  (u n its/1 0 0  m l) (u n its/1 0 0  m l)

E x p e r i m e n t a l  s o y  s a u c e  1 . 0 0  ±  0 . 0 2  1 . 0 0  ± 0 . 0 1

(0 .0 3 )  (0 .0 3 )
T am ari so y  sa u ce  0  2 .0 0  ± 0 .0 7

(c o m m e r c ia l)  (0 .0 6 )

T h e se  resu lts rep resen t the m ean  o f  d u p licate  
d e te r m in a tio n s  for th ree  sep a ra te  ex p er im en ts  o n  the  
ex p e r im e n ta l so y  sa u ce . D u p lica te  d e term in a tio n s  w ere  
p erfo rm ed  o n  a sa m p le  o f  co m m ercia lly  a va ilab le  so y  sau ce .

F igu res in b rack ets in d ica te  en zy m e unit p er gram  dry w eigh t  
k o ji b a se d  o n  ad d itio n  o f  200  m l brine so lu tio n  to  100 g koji 
w ith  35%  m oistu re  c o n te n t.

C h ro m a to g ra p h ic  ana lysis  o f  k o ji e x tra c t sh o w ed  th a t sucrose  w as co n v e rted  
w ith in  24 h r  o f  fe rm e n ta tio n  to  g lucose  an d  fru c to se , an d  m alto se  s ta r te d  to  
d is a p p e a r  a f te r  24 h r  o f  fe rm e n ta tio n ; m o ro m i e x tra c t an d  soy sauce b o th  
sh o w e d  g lu co se  as th e  m a jo r  su g a r p re se n t, w ith  on ly  traces  o f  f ru c to se . O th e r  
m in o r  sp o ts  w h ich  a p p e a re d  in th e  k o ji ex tra c ts  w ere  u n id en tified .

S u b m e rg e d  fe rm e n ta t io n  also  sh o w ed  th a t  b o th  am vlog lucosidase  an d  
m a lta s e  w e re  p ro d u c e d  by A. oryzae a n d  a d d e d  g lucose a ffec ted  th e ir  ac tiv ities 
in  m e d ia  w ith  s ta rc h  as p rin c ip a l su b s tra te  (F ig . 2). T h e  p re sen ce  o f  g lucose in 
th e  m e d iu m  se e m e d  to  in c rease  m a lta se  ac tiv ity  in co m p ariso n  w ith  th a t  in th e  
m e d iu m  w ith o u t g lu co se . A m v lo g lu co sid ase  ac tiv ity  o n  th e  o th e r  h a n d , w as 
h ig h e r  in  th e  m e d iu m  w ith o u t g lucose  th a n  in th a t w ith  ad d e d  g lucose . W ith  
a d d e d  g lu co se  in th e  m e d iu m . A. oryzae first u tilized  th e  g lucose an d  th en  
p ro d u c e d  a m y lo ly tic  en zy m es to  hyd ro ly se  th e  s ta rch  to  red u c in g  sugars.

Figure 2. A m v lo g lu c o s id a se  and  m a lta se  activ ities  in su b m erged  ferm en ta tio n s w ith  
C z a p e k -D o x  m e d iu m . O , M ed iu m  w ith  0 .2 5 %  g lu co se  and  2%  starch: □ .  m ed iu m  
w ith  2%  starch  o n ly . E ach  p o in t w as d er iv ed  from  three sep arate  ex p er im en ts and  
e a c h  e x p e r im e n t  w a s d e te r m in e d  in d u p lica te .
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C ru d e  en z y m e  e x tra c t from  k o ji w as in c u b a te d  w ith  s ta rch . W h en  sam p les  
fro m  th is  in c u b a tio n  w ere  e x a m in e d  by T L C  th ey  sh o w ed  a p rog ressive  in crease  
in g lu co se  d u r in g  a 3 -h r in cu b a tio n  an d  a p p e a ra n c e  an d  d isa p p e a ra n c e  o f  
m a lto se . M a lto se  level in c re a sed  fo r th e  90 m in o f  in c u b a tio n  an d  th e re a f te r  
s ta r te d  to  d e c re a s e , w h ich  m ay  have b ee n  cau sed  by m a lta se  ac tion .

I t  is d ifficu lt to  d is tin g u ish  b e tw e en  m alta se  an d  am ylog lucosidase  ac tiv ities 
s in ce  th e  la t te r  h as  m a lta se  ty p e  ac tiv ity , h o w ev er in th e  com plex  k o ji f e rm e n ta 
t io n , th e re  is ev id e n c e  th a t  th e  fu n g u s, A. oryzae p ro d u c es  ex tra c e llu la r  
am y lo ly tic  en z y m e s  w h ich  have  b o th  am y lo g lu co sid ase  a n d  m altase  ac tiv ities.
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Gelation property of salt soluble protein of turkey muscle as 
related to pH*

S. A N G E L  a n d  Z . G . W E IN B E R G

Summary

T h e  g e la t io n  p ro p e r ty  o f  th e  sa lt so lu b le  p ro te in s  o f  tu rk e y  b re a s t an d  th igh  p lus 
d ru m s tic k  w e re  c o m p a re d , a n d  th e  p ro te in s  o f  th e  la t te r  w e re  fo u n d  to  have 
g r e a te r  g e la tio n  ca p ac ity . T h e  e x p e rim e n ts  w e re  re p e a te d  o n  th re e  se p a ra te  
o c c a s io n s  d u r in g  w h ich  th e  p H  level o f  th e  b re a s t m uscle w as fo u n d  to  ran g e  
fro m  5 .8  to  5 .95  w h ile  th a t  o f  th e  leg m e a t ra n g e d  fro m  6.0  to  6 .8 .

I t  is c o n c lu d e d  th a t  th e  d iffe re n t g e la tio n  cap ac itie s  w hich  a re  a p p a re n tly  
r e la te d  to  th e  in itia l p H  level in  th e  b re a s t an d  leg m ea ts , co u ld  affec t p a la ta b ility  
a n d  sh o u ld  b e  ta k e n  in to  ac c o u n t in th e  d ev e lo p m e n t o f  tu rk e y  p ro d u c ts .

Introduction

S w ift &  B e rm a n  (1959) r e p o r te d  th a t  th e  increasin g  p H  values in e ig h t d iffe ren t 
m u sc le s  w h ich  ra n g e d  fro m  5.5  to  5 .79 , w e re  closely  c o rre la te d  w ith  increasin g  
w a te r  re te n t io n  o f  th e s e  m uscles. H a m m  (1959) fo u n d  g o o d  c o rre la tio n  b e tw e e n  
th e  w a te r  h o ld in g  c a p ac ity  (W H C ) an d  th e  sw elling  cap ac ity  o f  cow  m e a t, an d  
b e tw e e n  th e  W H C  a n d  th e  q u a lity  o f  sau sag e  p ro d u c e d  fro m  th is  m ea t. S h im izu , 
S im id u  &  Ik e u c h i (1954) o b ta in e d  in c re a sed  gel s tre n g th  in fish m uscle  by 
in c re a s in g  th e  p H  fro m  5 .0  to  7 .0 .

T ra u tm a n  (1966b) u sed  th e  leas t c o n c e n tra tio n  e n d -p o in t (L C E ) te s t i .e . ,  
d e te rm in a tio n  o f  th e  lo w est c o n c e n tra tio n  a t w hich  a p ro te in  will gel. to  te s t pH  
e ffe c ts  o n  m u sc le  p ro te in  ex tra c ta b ility  a n d  w a te r  b in d in g . W h en  ap p lied  to  
so lu tio n s  o f  sa lt-so lu b le  p ro te in s  th is  te s t  a p p e a re d  to  h ave  g re a te r  sensitiv ity  
th a n  th e  W H C  o r  p ro te in  ex tra c ta b ility  te s ts  in  ev a lu a tin g  p o s t m o rtem  m uscle  
c h a n g e s  a n d  th e  ac cu ra cy  an d  re p ro d u c ib ility  w e re  ex ce llen t. E x p e r im e n ts  w ith  
p re - r ig o r  p H  in d ic a te d  th a t  th e  in itia l p H  level m ay  d e te rm in e  g e la tio n  cap ac ity  
o f  th e  s a lt-so lu b le  p ro te in s . In  p o s t r ig o r m uscles m in im u m  L C E s o f  0 .7  to  0 .8 %

A u th o r s ’ a d d ress: D iv is io n  o f  F o o d  T e c h n o lo g y , T h e  V o lca n i C en ter  P .O . B o x  6 . B e t D a g a n . 

Israel.
* C o n tr ib u tio n  N o . E - 3 5 3 ,1980 ser ies.
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w e re  fo u n d  in  e x tra c ts  from  m uscles w h o se  in itia l p H  levels h a d  ra n g ed  fro m  
6 .25  to  5 .8 . H e  c o n c lu d e d  th a t th e re  w as a defin ite  re la tio n sh ip  b e tw e e n  th e  
L C E  o f  th e  p u rif ie d  e x tra c t an d  th e  in itia l m uscle  p H  level.

T h e  o b je c t  o f  th e  p re s e n t ex p e rim en ts  w as to  d e te rm in e  w h e th e r  th e re  is a 
d if fe re n c e  in  L C E  b e tw e e n  sa lt-so lu b le  ex tra c ts  o f  b re a s t (w h ite ) an d  leg (d a rk )  
m e a t  o f  tu rk e y s , a n d  w h e th e r  th is  is re la te d  to  p o s t rig o r m uscle p H  levels.

Materials and methods

T h e  g e la tio n  ca p ac itie s  o f  th e  sa lt so lu b le  p ro te in s  o f  tu rk e y  b re a s t an d  leg  m ea ts  
w e re  c o m p a re d . T h e  h a n d  d e b o n e d  b re a s ts  a n d  legs (co m p ris in g  m e a t fro m  the  
th ig h  a n d  d ru m s tic k )  w e re  b ro u g h t fro m  th e  sales ro o m  o f  a  local d re ssin g / 
p a c k in g  p la n t  o n  th re e  o ccas io n s  a n d  u sed  each  tim e  fo r  a re p e a te d  e x p e rim e n t 
d e s ig n a te d  e x p e r im e n ts  f ,  2 a n d  3 respective ly .

T h e  m e a ts  o f  th e  b re a s ts  a n d  th e  legs w ere  each  cu b e d  an d  co o led  to  0°C , th en  
m in c e d  o n ce  th ro u g h  a  q u a r te r- in c h  p la te  an d  o n ce  th ro u g h  an  e ig h th -in ch  p la te  
in  p re v io u s ly  c o o le d  m in cers . T h e  p H  o f  th e  m in ced  m e a t w as d e te rm in e d  
d ire c tly  w ith  a g lass e le c tro d e . P o rtio n s  o f  th e  m in ced  m e a t, each  w eigh ing  650 g 
w e re  s t ir re d  a n d  g en tly  m a c e ra te d  w ith  a ru b b e r  sp a tu la , to  p re v e n t fo am in g , fo r 
o n e  h o u r  in  an  ice-co ld  b a th  o f  f650  m l cap ac ity  co n ta in in g  0 .67  M  N aC l p lus 
0 .003  M  N aH C O .-i, p H  6 .6 . T h is  w as fo llow ed  by  ce n tr ifu g a tio n  a t 10000 x  g a t  
2°C  fo r  20 m in . T h e  s u p e rn a ta n t  w as d ilu te d  1:10 w ith  d o u b le  d istilled  w a te r  in 
la rg e  E r le n m e y e r  flasks, a n d  th e  m yofib rilla r p ro te in s  a llow ed  to  se ttle  o v e r
n ig h t in  a c o ld -ro o m  a t 2°C. T h e  excess liqu id  w as s ip h o n ed  o ff th e  se ttled  
p ro te in ,  w h ich  w as th e n  fu r th e r  d e w a te re d  by ce n tr ifu g a tio n  a t 2500 x  g a t 2°C. 
T h e  p e lle t  w as su sp e n d e d  in  800 m l o f  0 .67  M  N aC l p lus  0.003 M  N a H C O :., a t 
p H  6 .6  to  o b ta in  a p ro te in  c o n c e n tra tio n  o f  a p p ro x im a te ly  2 to  2 .5 % . T h e  exac t 
c o n c e n tra t io n  w as d e te rm in e d  by th e  m e th o d  o f L ow ry  etal. (1951). T w o  0 .67  M  
N a C l so lu tio n s  w e re  p re p a re d  in p h o sp h a te  b u ffe r  a t p H  6 .2  an d  5 .8  an d  200-m l 
p o r t io n s  o f  th e  su sp e n d e d  p e lle ts  w e re  d ia ly zed  ag a in st th e se  salt so lu tio n s  in a 
c o ld -ro o m  u n til th e  p H  v a lu es  in side  th e  d ialysis bags h a d  re ach e d  th o se  o f  th e  
s u r ro u n d in g  so lu tio n s .

T h e  L C E  w as d e te rm in e d  ac co rd in g  to  T ra u tm a n  (1966b) using  a serie s  o f  
d i lu tio n s  o f  th e  e x tra c te d  p ro te in s  o f  th e  b re a s t  a n d  leg m e a t a t p H  6 .6  a n d  th o se  
w h ich  h a d  b e e n  d ia ly zed  to  p H  6 .2  an d  5 .8 . In  th e  L C E  tes t o n e  lo o k s fo r th e  
lo w es t c o n c e n tra t io n  o f  p ro te in  w hich  will fo rm  a gel fo llow ing  h ea tin g  in con ica l 
b o t to m  s h a p e d  te s t  tu b e s  p laced  in w a te r  a t 80°C fo r  10 m in . T h e  d e te rm in a tio n  
o f  th e  L C E  is c a r r ie d  o u t  by in v e rtin g  each  o f  th e  tu b es  th re e  tim es in succession . 
I f  th e  m a te r ia l  d o e s  n o t flow  o u t o f  th e  tu b e  th is  is ev id en ce  o f  gel fo rm a tio n .

Results and discussion

T h e  re su lts  a re  p re s e n te d  in  T a b le s  1 a n d  2.
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T a b le  1 g ives th e  p H  v a lu es  o f  th e  raw  m in ced  m ea ts . T h e  tab le  show s th a t 
th e re  w e re  d iffe re n c e s  in th e  p H  values d e p e n d in g  o n  th e  so u rce  o f  th e  m ea ts . 
T h e  p H  v a lu es  o f  th e  leg m e a t ra n g ed  from  6 .0  to  6 .8  in th e  th re e  ex p e rim e n ts , 
w h ile  th e  p H  v a lu es  o f  th e  b re a s t  m e a t ra n g ed  fro m  5 .8  to  5.95.

Table 1. p H  V a lu e s  o f  m in c ed , ch illed  turkey  breast and leg  m eat on  
th r ee  se p a r a te  o cca s io n s

R a w  m eat E x p er im en t 1 E xp er im en t 2 E x p er im en t 3

B rea st 5 .8 5 5 .8 0 5 .9 5
L e g  (th ig h  p lu s 6 .0 5 6 .8 0 6 .0 0

d ru m stic k )

Table 2. L east c o n cen tra tio n  en d p o in t (%  p ro te in ) o f  protein  
ex tr a c te d  at p H  6 .8  an d  o f  ex tracts d ia ly zed  to  p H  6 .2  and  5 .8  from  
tu rk ey  b reast an d  leg  m ea ts

E x p er im en t 1 E xp er im en t 2 E xp er im en t 3

PH 6 .8 6 .2  5 .8 6 .8 6 .2 5 .8 6 .8 6 .2 5 .8

B reast 1.1 0 .9 5  0 .7 1.2 1.2 0 .9 — — —

L e g  (th ig h  p lu s  
d ru m stic k )

1.1 0 .8 2  0 .4 1.2 1.2 0 .7 1.4 1.4 0 .7

T a b le  2 sh o w s th e  m in im u m  p ro te in  c o n c e n tra tio n  a t w hich  a gel w as fo rm e d  
in  th e  b re a s t  a n d  leg  m e a t a t th e  th re e  p H  values te s te d . It can  be  seen  th a t  th e  
p ro te in s  o f  th e  leg  m e a t  fo rm e d  a gel m o re  read ily  th a n  th e  b re a s t  m e a t p ro te in s . 
T h is  w as e sp e c ia lly  e v id e n t a t p H  5 .8 ; a t th is  p H  th e  L C E  ra n g e d  from  0 .4  to  0 .7  
fo r  th e  d a rk  tu rk e y  leg  m e a t a n d  fro m  0 .7  to  0 .9  fo r th e  ligh t b re a s t  m ea t 
p ro te in s .  A c c o rd in g  to  T ra u tm a n  (1966b), th e  low est L C E  fo r th e  v a rio u s 
p ro te in  e x tra c ts  o b ta in e d  fro m  p re -  a n d  p o st-r ig o r p o rc in e  m uscle  w as fo u n d  a t 
p H  v a lu e s  ra n g in g  fro m  5 .7  to  6 .0  an d  from  5 .8  to  6 .25 resp ec tiv e ly . T h e  ch an g es 
in  th e  p ro te in s  a t  th e se  p H  ran g es  w e re  th e re fo re  th e  m o st sign ifican t. T ra u tm a n  
(1 9 6 6 a ) in fe r re d  th a t  th e  in itia l p H  o f  th e  m e a t in flu en ced  th e  L C E  o f  th e  
e x tra c te d  p ro te in s . In  th e  p re se n t w o rk  th e  p H  ran g es o f  th e  tu rk e y  th igh  an d  
d ru m s tic k  m e a t  in th e  th re e  e x p e rim e n ts  w ere  in itia lly  h ig h er th an  th o se  o f  th e  
b re a s t  m e a t ,  a n d  th e  L C E  o f  th e  p ro te in  e x tra c t o f  th e  leg m e a t a t p H  5 .8  w as 
lo w e r , i .e .  it h a d  b e t te r  g e la tio n  p ro p e rtie s .

Conclusions

T h e  re su lts  o f  th e  ab o v e  e x p e rim e n ts  a p p e a r  to  in d ica te  a d iffe ren ce  in the  
q u a lity  o f  b re a s t  a n d  leg  m e a t w ith  re g a rd  to  th e ir  g e la tio n  cap ac ity  an d  th e re 
fo re  th e ir  w a te r -h o ld in g  cap ac ity . T h is  co u ld  in fluence  m o u th  feel o f  th e  c o o k e d
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m e a t a n d  sh o u ld  be  ta k e n  in to  co n s id e ra tio n  w h en  ch oosing  p ro cessin g  
m e th o d s . A c c o rd in g  to  T ra u tm a n  ( 1966b) low  p H  m ea t in pigs p ro d u c es  a very  
in fe r io r  s a u sa g e , an d  ex tre m e ly  high pH  p re -r ig o r m uscle p ro d u ces  a sausage 
e m u ls io n  w ith  v ery  low  v iscosity .

In  th e  co u rse  o f  o u r  w o rk  in tu rk e y  d ressin g  p lan ts  in Is rae l, w h e re  th e  m e a t is 
m a d e  k o s h e r  bv sa ltin g , w e h av e  o b se rv ed  th a t th e  salt can  cause  an  excessive 
u p ta k e  o f  w a te r . T h e  k o sh e rin g  p ro cess  re su lts  in a sa lt c o n c e n tra tio n  o f  
a p p ro x im a te ly  0 .5  M  in th e  o u te r  layers o f  th e  m uscle . T h is cou ld  cause  
d is so lu tio n  o f  m y o fib rilla r p ro te in s  (H a u ro w itz , 1963), w hich te n d  to  b in d  w a te r  
as  a re su lt .  T h e  se lec tiv e  b in d in g  o f  salt ions to  p ro te in  cha ins ad d s  e lec tric  
c h a rg e s  a n d  in c re a se s  th e  w a te r-h o ld in g  capacity  o f  th e  p ro te in  (H a m m , 1960). 
In  o th e r  w o rd s , sa lt d e c re a se s  th e  iso e lec tric  p o in t o f  th e  p ro te in , an d  u p o n  
a d d in g  sa lt, it is as if w e h a d  s ta r te d  to  w o rk  w ith  m e a t w ith a h ig h er p H  level. 
F o r  e x a m p le , if w e s ta r t  w ith  m e a t w ith o u t salt a t p H  6 .0  an d  th e  p H  range 
b e tw e e n  th e  raw  m a te r ia l p H  an d  th e  iso e lec tric  p o in t is 0 .5 p H  u n its , k o sh erin g  
m ig h t b r in g  th e  iso e lec tr ic  p o in t dow n to  p H  5 .1 . T h e  p H  range th en  b eco m es 
0 .9  p H  u n its , a n d  it is as if w e h ad  s ta r te d  to  w ork  w ith  m ea t w ith a p H  o f 6 .4  (p H
5 .5  +  0 .9  =  6 .4 ).

S a ltin g  o f  tu rk e y  m e a t acco rd in g  to  th e  k o sh e r law s cou ld  th u s affec t the  
fu n c tio n a l p ro p e r t ie s  o f  th e  p ro te in s  an d  have a benefic ia l in fluence  on  
p a la ta b ili ty  a n d  p ro d u c t  te x tu re . T h ese  possib ilities  a re  b e ing  in v estig a ted . O n  
th e  o th e r  h a n d  in c re a se d  w a te r  u p ta k e  in th e  raw  m e a t is u n d esira b le  from  the  
c o n s u m e r  p o in t o f  view  a n d  p re se n ts  d ifficu lties in d ev e lo p in g  p ro d u c ts  a c c o rd 
ing  to  s ta n d a rd s ,  d u e  to  th e  re la tiv e  d ec rea se  o f  o th e r  m ea t c o m p o n en ts .
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Water activity in multicomponent non-electrolyte solutions

C . F E R R O  F O N T Á N * t,  J . C H IR IF E ?  a n d  R . B O Q U E T A

Summary

A n  e q u a tio n  h as  b e e n  d e v e lo p e d  fo r  ca lcu la tin g  w a te r  ac tiv ity  in m ulti- 
c o m p o n e n t  n o n -e le c tro ly te  so lu tio n s . T h e  m o d el is u sed  fo r  p re d ic tin g  the  
w a te r  ac tiv ity  o f  fru it ju ice  c o n c e n tra te s  on  th e  basis o f  th e ir  su g ar co n ten ts .

Introduction

W a te r  ac tiv ity  ( u „ ) is th e  sing le  m o st im p o rta n t fa c to r  affec tin g  th e  sh e lf life o f  
in te rm e d ia te  m o is tu re  fo o d s  ( IM F ), (<?„ b e tw e e n  0 .65 an d  0 .90 ). T ra ile r  & 
C h r is t ia n  (1978) a n d  T ra ile r  (1979) re cen tly  rev iew ed  th e  effec t o f  o n  th e  
m ic ro b ia l a n d  p h y sico -ch em ica l s tab ility  o f  IM F .

F o o d s  c o n ta in in g  a h igh  p ro p o r tio n  o f  so lu b le  so lids, such as fru its  o r  fru it 
ju ic e s ,  m ay  be  t ra n s fo rm e d  to  IM F  by th e  c o n c e n tra tio n  ( i.e . d ry in g  o r  e v a p o ra 
t io n )  o f  th e ir  so lu b le  c o n s titu e n ts , w hich  a re  co m p o sed  m ain ly  o f  sugars.

A  n u m b e r  o f  a p p ro a c h e s  h ave  b e e n  ta k e n  in o rd e r  to  c o rre la te  w a te r  ac tiv ity  
d a ta  in  m u ltic o m p o n e n t n o n -e le c tro ly te  so lu tio n s  re la tin g  to  fo o d  p ro d u c ts . T h e  
m a jo r i ty  o f  th e  e q u a tio n s  w e re  d e v e lo p e d  fo r  use by  th e  co n fec tio n e ry  in d u stry  
in  o r d e r  to  p re d ic t  th e  (o r  e q u ilib riu m  re la tiv e  h u m id ity ) o f  su g ar so lu tio n s , 
sy ru p s  a n d  c o n fe c tio n e ry  p ro d u c ts  (G ro v e r , 1947; N o rr ish , 1966).

T h e  p re s e n t  s tu d y  in tro d u c e s  a n ew  a n d  sim ple e q u a tio n  fo r co rre la tin g  w a te r  
a c tiv ity  d a ta  in n o n -e le c tro ly te  m ix tu res . T h e  m odel is te s te d  ag a in st a ,v 
e x p e r im e n ta l  d a ta  o f  a p p le  ju ice  c o n c e n tra te s  a n d  is fu r th e r  u sed  fo r  p re d ic tin g  
th e  lo w e rin g  b e h a v io u r  o f  v a r io u s  fru it ju ice  co n c e n tra te s .

A u th o r s '  a d d resses: * D e p a r ta m e n to  d e  F ísica  and ¿ D ep a rta m e n to  d e  In d u strias. F acu ltad  d e  
C ie n c ia s  E x a c ta s  y N a tu r a le s . U n iv ers id a d  d e B u e n o s  A ir e s . C iudad  U n iversita r ia . 1428 B u en o s  
A ir e s . A r g e n tin a .

¿ M e m b e r  o f  C o n se jo  N a c io n a l d e  In v estig a c io n e s C ien tíficas y T é cn ic a s  d e  la R ep ú b lica  
A r g e n tin a .

0 2 2 -1 1 6 3 /8 1 /1 0 0 0 -0 5 5 3  S 0 2 .0 0 ©  1981 B la ck w ell S cien tific  P ub lica tion s



554 C. Ferro Fontân, J. Chirife and R. Boquet

Development of the correlating equation

V e ry  re c e n tly  F e rro  F o n ta n  an d  C h irife  (1980a) h ave  show n th a t th e  w a te r  
ac tiv ity  o f  a n o n -e le c tro ly te  m u ltic o m p o n e n t so lu tio n  m ay be  ca lc u la ted  as 
fo llo w s

( < 0 „  =  7T [ f l „ , ( m ) ] " V " '  ( 1 )

w h e re  ( a tt) M is th e  w a te r  ac tiv ity  o f  th e  com plex  so lu tio n . a„  s(m )  is th e  w a te r  
a c tiv ity  o f  s c o m p o n e n t e v a lu a te d  a t th e  to ta l m o la lity  (m ) o f  th e  m ix tu re , an d
m . is th e  m o la lity  o f  th e  s c o m p o n e n t.

A ssu m e  th a t  th e  w a te r  ac tiv ity  o f  any  single so lu te  m ay b e  re p re se n te d  
a c c o rd in g  to  N o r r is h ’s (1966) m o d e l, w hich m ay be  w ritte n  (C h irife , F e rro  
F o n ta n  &  B e n m e rg u i, 1980)

aws(m) = A'i e x p [-K sAT] (2)

w h e re  X  i a n d  X 2 a re  m o la r  frac tio n s  o f  w a te r  an d  so lu te , re sp ec tiv e ly , a n d  K s is 
th e  c o r re la tin g  c o n s ta n t. F u r th e r

X , ( m ) =  V ,  =  l - X 2m + o5.5

S u b s ti tu t in g  e q n  (2) in e q n  (1) it re su lts  in

( a w)v =  X,  exp (3)

w h ich  is s im ila r to  N o r r is h ’s (1966) e q u a tio n  fo r  b in a ry  so lu tio n s  b u t w ith  a 
c o r re la t in g  c o n s ta n t g iven  by

m
(4)

E q u a t io n  (4) can  b e  tra n s fo rm e d  in th e  fo llow ing  w ay. L e t w be  th e  to ta l w eigh t 
o f  s o lu te s  p e r  litre  o f  w a te r ;  th e  w e ig h t o f  so lu te  s is

vv, = wC,

w h e re , C\ is th e  w e ig h t ra tio  o f  so lu te  s to  to ta l so lids (12 C„ =  1). T h e  m o la lity  is 
g iv en

m s —
M
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w h e re . m„ is th e  m o le c u la r  w e ig h t o f  s c o m p o n e n t. T h e  to ta l m o la lity  m is

m
w> XT C  w

m , =  >  ------ — w  >  ------- =  —
^  M„ Ms M

where m is an average molecular weight defined as

M (5)

th e n

m s _  w s m _  M 
m  ms w  m s

a n d  by  su b s titu tin g  in e q n  (3)

(6)

T h e  final c o r re la tin g  e q u a tio n  is

=  e x p [ - K MAT] (7)

T h u s , th e  w a te r  ac tiv ity  o f  a co m p lex  so lu tio n  m ay be d esc rib ed  by an  eq u a tio n  
id e n tic a l to  th a t  o f  N o rr ish  (1966) fo r b in a ry  system s, b u t w ith  a co rre la tin g  
c o n s ta n t  K M d e fin e d  by  eq n s  (6) an d  (5).

Prediction of aw lowering behaviour of fruit juice concentrates

M a jo r  c o m p o n e n ts  in so lu tio n  in fru it ju ices  consist essen tia lly  o f  10 to  2Q% 
s u g a rs . ~  \ % o f  ac id s , <  19f o f  in o rg an ic s  an d  very  sm all q u a n titie s  o f  vo latile  
f la v o u r  c o m p o u n d s  (M a ts u u ra . B a x te r  & S o u rira ja n , 1973). F ro m  th e  p o in t o f 
v iew  o f  co llig a tiv e  p ro p e r t ie s ,  fru it ju ices  a re  usually  co n s id e red  as a m ix tu re  o f 
th e  m o n o sa c c h a rid e s  f ru c to se  a n d  g lu co se , an d  a d isacch arid e  su g ar, sucrose 
(B e llo w s , 1971; A b d e l-M o n e m  O m ra n , 1972).

T h e  p re d ic tiv e  v a lu e  o f  e q n  (7) m ay  b e  te s te d  by co m p ariso n  w ith e x p e ri
m e n ta l fre e z in g  p o in t (F P ) d a ta  re p o r te d  by G a c h o t (1955) fo r ap p le  ju ice 

37*
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c o n c e n tra te s .  F ree z in g  p o in t va lu es  m ay be  read ily  tra n s fo rm e d  to  w a te r  ac tiv ity  
o n e s  a c c o rd in g  to  F e rro  F o n ta n  & C h irife  (1980b)

- I n  a .  = 9 .6 9 3 4  . 10 :!0 ,+  4.761 . 10 (8)

w h e re  0, is th e  F P  d e p re ss io n . T h e  w a te r  ac tiv ity  o b ta in e d  from  eq n  (8) is. o f 
c o u rs e , th e  ac tiv ity  a t th e  c o rre sp o n d in g  F P . F e rro  F o n ta n  & C h irife  (1980b) 
su g g e s te d  th a t  fo r  m o st so lu te s  o f  in te re s t in the  fo o d  a re a , the  ca lc u la ted  
fro m  F P  d e p re s s io n  is n o t likely  to  d iffe r in m o re  th an  0.01 un its  o f  its v a lu e  at 
25°C . T h is  a p p lie s  as lo n g  as th e  w a te r  ac tiv ities c o n s id e red  a re  ab o v e  a b o u t 
0 .8 5 .

T h is  can  b e  v e rified  fo r  th e  so lu te s  o f  in te re s t to  th e  p re se n t s itu a tio n . A p p le  
su g a rs  a re  a m ix tu re  o f  fru c to se , g lu co se  an d  sucrose  (M a ts u u ra e f«/., 1973), and  
B e llo w s (1971) h as  re p o r te d  th e ir  e q u ilib riu m  freez in g  d iag ram s w hich  m ay  be 
c o n v e r te d  to  w a te r  ac tiv ity  ac co rd in g  to  eq n  (8). F igu re  1 co m p are s  th e  w a te r  
ac tiv ity  d a ta  fo r  g lu co se  a n d  su c ro se  e v a lu a te d  from  th e  F P , as c o m p a re d  w ith  
l i te ra tu re  d a ta  o f  m e a su re d  a t 25°C (C h irife  etal., 1980). It can  be seen  th a t in 
sp ite  o f  th e  c o n s id e ra b le  te m p e ra tu re  d iffe ren ces  invo lv ed , th e  aw vaiues 
c a lc u la te d  fro m  F P  m e a su re m e n ts  a re  in g o o d  a g re e m e n t w ith  th o se  m ea su re d  
a t 25°C . It is n o te w o r th y  th a t  th e  a„  low ering  cu rve  o f  fru c to se  m ay be 
c o n s id e re d  s im ila r to  th a t  o f  g lucose  (C a k e b re a d , 1973; R iiegg  & B lanc , 1981). 
F ro m  th e se  re su lts  it m ay  b e  co n c lu d e d  th a t  th e  w a te r  ac tiv ity  o f  a p p le  ju ice 
c o n c e n tra te s ,  c a lc u la te d  from  FP  d ep re ss io n  will a lso  c o rre sp o n d  to  a ,  d a ta  
a t 25°C.

Figure 1 .  C o m p a r i s o n  o f  v a l u e s  c a l c u l a t e d  f r o m  f r e e z i n g  p o i n t  d a t a  w i t h  v a l u e s  

m e a s u r e d  a t  2 5 ° C  f o r  s u c r o s e  a n d  g l u c o s e  s o l u t i o n s .  — , 2 5 ° C :  ■  G ,  — 5 ° C ;  A  □ ,  

-  7 . 5 ° C ; - + - # :  -  1 0 ° C ;  □  0 ,  -  1 2 . 5 ° C ;  0  A .  -  1 5 ° C ;  • ,  -  1 7 . 5 ° C ;  O ,  -  2 0 ° C .
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A c c o rd in g  to  W a tt  &  M erril (1963) an d  as u sed  by A b d e l-M o n e m  O m ra n
(1 9 7 2 ), th e  ty p ica l su g a r m a k e -u p  o f  ap p le  ju ice  is as fo llow s: fru c to se  6 2 .4 % . 
g lu co se  1 4 .8%  a n d  su c ro se  2 2 .7 % . T h e  a* lo w erin g  b e h a v io u r  o f  sucrose  an d  
g lu co se  (o r  fru c to se )  m ay  be  very  w ell ex p re ssed  ac co rd in g  to

aK — X  i e x p [ -  K A 'j]

K  b e in g  6 .47  a n d  2 .25  fo r  su c ro se  a n d  g luco se , re sp ec tiv e ly  (C h irife  etai,  1980). 
T h e  w a te r  ac tiv ity  lo w erin g  cu rv e  o f  ap p le  ju ice  m ay  b e  n o w  p re d ic te d  from  th e  
a f o re m e n tio n e d  co m p o s itio n  d a ta  an d  eq n  (7 ), w ith  K M an d  m ca lcu la ted  
th ro u g h  eq n s  (5) a n d  (6).

F ig u r e  2 . C o m p a r i s o n  o f  p r e d i c t e d  a n d  e x p e r i m e n t a l  l o w e r i n g  b e h a v i o u r  o f  a p p l e  

j u i c e  c o n c e n t r a t e s .  O .  E x p e r i m e n t a l :  — . p r e d i c t e d .

F ig u re  2 c o m p a re s  th e  p re d ic te d  a n d  ex p e rim en ta l (d e riv ed  from  FP  d a ta )  a„ 
lo w e r in g  c u rv es  fo r  a p p le  ju ic e . I t  can  be  seen  th a t th e  a g re e m e n t is fairly  good . 
C a lc u la te d  p a ra m e te rs  w e re  fo u n d  to  b e  K „ =  2.81 an d  m =  202.

O n  th e  b asis  o f  th e se  re su lts  a n d  th e  k n o w led g e  o f  sugars co m p o sitio n  it m ay 
b e  p o ss ib le  to  p re d ic t  th e  p a ra m e te rs  K „ an d  m n e e d e d  fo r  th e  low ering  curve 
o f  v a r io u s  f ru it ju ic e s . T a b le  1 show s th e  typ ical su g ar m ak e -u p  o f  vario u s ju ices 
(W a tt  &  M e rr il,  1963) a n d  th e  ca lc u la te d  va lu es  o f  K „ an d  m. F igu re  3 show s the  
p re d ic te d  aw cu rv es  fo r  th e  ju ices .
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T a b le  1. T y p i c a l  s u g a r  m a k e - u p  o f  v a r i o u s  f r u i t  j u i c e s  ( a f t e r  W a t t  

&  M e r r i l .  1 % 3 )  a n d  c a l c u l a t e d  p a r a m e t e r s  a n d  m

P r o p o r t i o n s  o f  m a j o r  s u g a r s  ( w t  r '( )

F r u i t  j u i c e F r u c t o s e G l u c o s e S u c r o s e K m M

L e m o n a d e 6 . 4 6 . 4 8 7 . 1 5 . 5 5 3 0 7 . 2

O r a n g e 2 1 . 2 2 3 . 9 5 4 . 8 3 . 9 0 2 4 3 . 6

P r u n e 2 4 . 8 7 5 . 0 0 . 1 2 . 2 5 1 8 0

P i n e a p p l e 3 3 . 6 5 2 . 2 14.1 2 . 5 9 1 9 3 . 2

G r a p e 3 5 . 8 6 4 . 2 0 . 0 2 . 2 5 1 8 0

A p p l e 6 2 . 4 1 4 . 8 2 2 . 7 2 . 8 1 2 0 2

F ig u re  3 .  P r e d i c t e d  a K l o w e r i n g  b e h a v i o u r  o f  v a r i o u s  f r u i t  j u i c e  c o n c e n t r a t e s .  1. 

L e m o n a d e :  2 .  o r a n g e ;  3 .  p i n e p p l e :  4 .  p r u n e  a n d  g r a p e .
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Solubilization of wheat gluten with sodium hydroxide

I. L . B A T E Y *  a n d  P. W . G R A S

Summary

T h e  so lu b ility  o f  w h e a t g lu ten  m ay  be  in c reased  g rea tly  by tre a tm e n t w ith  0.25 
M  so d iu m  h y d ro x id e . A t te m p e ra tu re s  o f  40°C an d  a b o v e , th e  so lub ility  o f  th e  
p ro te in  e x c e e d s  100 m g/m l in a re a c tio n  tim e  o f  6 h r  o r  less. T h e  p ro d u c ts  from  
th e  re a c tio n  o f  60°C  a n d  80°C  w ere  d a rk e r  th an  th e  o rig inal g lu ten  an d  h ad  an  
u n p le a s a n t  o d o u r  o f  H 2S o n  d isso lu tio n  in w a te r . T h ey  also  co n ta in e d  trac e s  o f 
ly s in o a la n in e . T h e  40°C  re a c tio n  p ro d u c t w as a b o u t th e  sam e co lo u r as g lu ten , 
a n d  its so lu tio n s  in  w a te r  d id  n o t sm ell o f  H  jS . R eac tio n  o f  g lu ten  a t 20°C also  
c a u s e d  a la rg e  in c re a se  in so lu b ility , b u t a f te r  24 h r th e  so lub ility  w as on ly  77 
m g /m l. T h is  p ro d u c t  w as also  o f  th e  sam e co lo u r as g lu te n , an d  d id  n o t sm ell o f  
H 2S in so lu tio n . N e ith e r  th e  20°C n o r  th e  40°C p ro d u c ts  co n ta in e d  d e te c ta b le  
tra c e s  o f  ly s in o a la n in e . F o r  re a so n s  o f  flavour, co lo u r, ly sin o a lan in e  c o n te n t an d  
e c o n o m y  o f  tim e , th e  o p tim u m  re a c tio n  co n d itio n s  a re  6 h r  a t 40°C.

Introduction

T h e  use  o f  w h e a t  g lu te n  as a s ta rtin g  m a te r ia l fo r  a so lu b le  p ro te in  d e riv a tiv e  has 
a t t r a c te d  a g re a t  d ea l o f  in te re s t  in re c e n t years. T h e  m ix tu re  o f  p ro te in s  
c o m p ris in g  g lu te n  is c h a ra c te r iz e d  by th e  re la tiv e ly  sm all n u m b e r  o f  c h a rg ed  
a m in o  a c id s , a n d  th e  la rg e  p ro p o r tio n  o f  g lu tam in e  re s id u es  p re se n t. T h e  
re m o v a l by  h y d ro ly s is  o f  so m e  o f  th e  p rim ary  am id es  from  b o th  g lu tam in e  an d  
a s p a ra g in e  re s id u e s  to  give th e  co rre sp o n d in g  carboxy lic  acid  side ch a in s , 
sh o u ld  e n h a n c e  th e  so lu b ility  o f  th e  p ro te in s  by  in creasin g  th e ir  ch a rg e  a t 
p H  > 5 .  In  a d d it io n , th e  te n d e n c y  o f  th e se  p ro te in s  to  ag g reg a te  will be 
d im in is h e d  by  d e c re a s in g  th e  a m o u n t o f  h y d ro g e n  b o n d in g  b e tw e en  m o lecu les  
th a t  o c c u rs  th ro u g h  th e  am id e  side cha ins. G lu te n  d e a m id a te d  by acid 
h y d ro ly s is  is m o re  w a te r  so lu b le  a n d  has b ee n  co n s id e red  as a su b s titu te  fo r egg

A u t h o r s ’ a d d r e s s :  C S I R O  W h e a t  R e s e a r c h  U n i t .  P r i v a t e  M a i !  B a g .  P . O . .  N o r t h  R v d e .  

N . S . W . .  2 1 1 3 .  A u s t r a l i a .

* T o  w h o m  c o r r e s p o n d e n c e  s h o u l d  b e  a d d r e s s e d .
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w h ite  in m e rin g u e  d e sse rts  a n d  cak e  icings (M c D o n a ld  & P en ce . 1961). an d  as 
an  e m u ls if ie r  in m ilk  ty p e  p ro d u c ts  (W u , N a k a i & P o w rie . 1976). T h e  am id e  side 
c h a in s  o f  g lu ta m in e  re s id u e s  in g lu ten  have also  b ee n  co n v e rted  in to  e s te r  
d e r iv a tiv e s  by  tre a t in g  it w ith  ac id ic  so lu tio n s  o f  th e  a p p ro p ria te  a lcoho l 
(B e c k w ith , W all &  D im le r. 1963). Such es te rified  g lu ten  d eriv a tiv es  also  show  
in c re a s e d  so lu b ilitie s  in a q u e o u s  so lu tio n s . In a d d itio n , chem ical m od ifica tio n s 
su ch  as ac y la tio n  w ith  ac id  an h y d rid e s  a f te r  a lk a lin e  tre a tm e n t h ave  also  b een  
u se d  by  o th e r  w o rk e rs  to  p re p a re  w a te r  so lu b le  g lu ten  d eriv a tiv e s  (M elnychyn  
&  P o llo c k , 1972). A lth o u g h  acy la tio n  has b een  ca rried  o u t in a lk a li, d e ta ile d  
s tu d ie s  o f  th e  d e a m id a tio n  o f  g lu ten  have only b een  c o n d u c te d  u n d e r  a v arie ty  
o f  ac id ic  c o n d itio n s .

D u r in g  ac id  t r e a tm e n ts ,  so m e p e p tid e  linkages a re  h y d ro ly sed . T h is  fa c to r no  
d o u b t  c o n tr ib u te s  to  th e  in c re a sed  so lub ility  o f  th e  d e riv a tiv e s , b u t p ro b a b ly  
a lso  re su lts  in th e  a s tr in g e n t flavour d esc rib ed  by so m e w o rk e rs  in such 
d e a m id a te d  g lu te n s  (F in ley . 1975). T h e  n u tr itio n a l q u a lity  o f  the  p ro te in  is 
u n c h a n g e d , as it h as  b ee n  o b se rv ed  th a t th e re  is no  d am ag e  to  th e  essen tia l 
a m in o  ac id s  d u r in g  th e  ac id  re a c tio n  (W u . N ak a i & P o w rie . 1976).

A lk a li h as  b e e n  n e g le c te d  as a re a g e n t fo r th e  d e a m id a tio n  o f  g lu ten , 
p ro b a b ly  b e c a u se  o f  th e  d e g ra d a tio n  o f  so m e o f  th e  e ssen tia l am in o  acids th a t 
c a n  o c c u r  d u rin g  th e  re a c tio n  (M a ste rs  &  F rie d m a n . 1979). C ro ss-lin k ed  am in o  
a c id s , su ch  as lv s in o a lan in e  a n d  la n th io n in e  can also  be  fo rm e d  in a lk a li- tre a te d  
p ro te in s  (P ro v a n sa l. C u q  & C h e fte l, 1975). A lth o u g h  th e se  side re ac tio n s  m u st 
b e  c o n s id e re d  d isa d v a n ta g e o u s  fo r  th e  p re p a ra tio n  o f  fo o d  p ro d u c ts , th e re  are  
so m e  a d v a n ta g e s  in th e  use  o f  a lkali fo r so lub iliz ing  g lu ten  by th e  d ea m id a tio n  o f  
g lu ta m in e  a n d  a sp a ra g in e  re s id u e s . In b o th  a lkali a n d  ac id , u n su b s titu te d  
a m id e s  a re  h y d ro ly se d  m o re  rap id ly  th an  N -su b s titu te d  o r  N ,N -d isu b s titu te d  
a m id e s . In  a lk a li, h o w e v e r, th e  hyd ro lysis  o f  am id es as co m p ared  w ith  N - 
s u b s t i tu te d  am id e s  is m o re  se lec tiv e  th an  it is in ac id . It is likely , th e re fo re , th a t 
a lk a li t r e a tm e n t  o f  g lu te n  sh o u ld  re su lt in a h igh d eg ree  o f  d ea m id a tio n  w hile 
c a u s in g  little  o r  n o  h y dro lysis  o f  th e  p e p tid e  b a c k b o n e , w hich consists  o f  
N -s u b s ti tu te d  am id es . I f  th e  p ro te in  ch a in s  a re  re ta in e d  in tac t, o n e  o f  th e  
p ro p e r t ie s  o f  a m o re  se lec tiv e ly  d e a m id a te d , so lu b le  g lu ten  sh o u ld  be th a t its 
so lu tio n s  a re  m o re  v iscous th a n  th o se  o f  ac id -so lu b ilized  g lu ten , th u s  giving it 
a d d it io n a l  a n d  a l te rn a tiv e  uses.

F o r  th is  re a so n  it w as c o n s id e re d  d es ira b le  to  in v estig a te  th e  so lu b iliza tio n  o f  
g lu te n  in a lk a li. If su ita b le  d e riv a tiv e s  co u ld  be  p re p a re d  by hydro lysis  in a lk a li, 
f u r th e r  w o rk  co u ld  th e n  be  d ire c te d  to w ard s  d e te rm in in g  c o n d itio n s  to  
m in im iz e  th e  a m o u n t o f  u n w a n te d  side re ac tio n s  w hich  m igh t im p a ir th e  
n u tr i t io n a l  q u a lity  o f  th e  p ro d u c ts .

Methods and materials

V ita l g lu te n  fro m  a n u m b e r  o f  co m m erc ia l p ro d u c e rs  w as re ac ted  as a \6% 
su sp e n s io n  in 0 .25  M  so d iu m  h y d ro x id e . T h e  m ix tu re  w as h e ld  at 20. 40. 60 o r
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80°C  w ith  v ig o ro u s  s tirr in g  fo r  24 h r , 6 h r, 2 h r  o r  20 m in resp ec tiv e ly . It w as th en  
n e u tra l iz e d  w ith  5 M h y d ro c h lo r ic  ac id  to  p H  6 .8 -7 .0 . an d  th e  p ro d u c t w as 
is o la te d  by  fre e z e  d ry in g  th e  re su ltin g  so lu tio n .

T h e  n itro g e n  c o n te n t  o f  th e  d ry  sam p les  w as d e te rm in e d  by th e  K je ld ah l 
m e th o d .  T h e  p e rc e n ta g e  p ro te in  w as ca lcu la ted  by  m ultip ly ing  th e  n itro g en  
c o n te n t  b y  5 .7 , th e  s ta n d a rd  fa c to r  fo r w h e a t p ro d u c ts  (A m e ric a n  A sso c ia tio n  o f 
C e re a l  C h e m is ts , 1976). B eca u se  th e  n itro g en  c o n te n t is re d u c e d  by  d e a m id a 
t io n ,  th e  a c tu a l fa c to r  sh o u ld  b e  h ig h er b u t is u n lik e ly  to  b e  as high as 6 .25 , w hich 
is u se d  fo r  m o s t p ro te in s . F o r  th is  re a so n , th e  b iu re t m e th o d  w as u sed  fo r 
d e te rm in in g  th e  so lu b le  p ro te in  in so lu tio n s  o f  th e  p ro d u c ts .

P ro te in  so lu b ilitie s  w e re  d e te rm in e d  as fo llow s. S o lu tio n s  o f  th e  d ry . m odified  
g lu te n s  w e re  p re p a re d  a t c o n c e n tra tio n s  o f  10 an d  20%  w /v in d istilled  w a te r. 
A f te r  c e n tr ifu g a tio n  a t 6000 x  g fo r  30 m in , th e  s u p e rn a ta n t frac tio n s  w ere 
d i lu te d ,  1: 10 in th e  case  o f  th e  10%  so lu tio n  an d  1 :2 0  in th e  case o f  th e  20%  
s o lu tio n , in o rd e r  to  h av e  so lu tio n s  w ith  so lu b le  p ro te in  w ith in  th e  ran g e  o f  0 -1 0  
m g /m l. T h e  a m o u n t  o f  p ro te in  d isso lved  in th e  so lu tio n s  w as d e te rm in e d  by the  
b iu re t  p ro c e d u re  o f  S im m o n d s & R o n a ld s  (1975). A  g ra p h  o f  ab so rb an ce  a t 500 
n m  vs p ro te in  c o n c e n tra t io n s  w as d raw n  using  s ta n d a rd  so lu tio n s  co n ta in in g  0, 
1, 2 , 4 , 6 , 8 , a n d  10 m g /m l re sp ec tiv e ly  o f  b o v in e  se ru m  a lb u m in  (C a lb io ch em , 
C a r l in g fo rd , N .S .W .)  a n d  th e  p ro te in  c o n c e n tra tio n s  o f  th e  te s t so lu tio n s  w ere 
r e a d  fro m  th e  g ra p h .

G e l f iltra tio n  w as c a rr ie d  o u t  o n  S ep h ad e x  G -150 a n d  G -200 (P h arm ac ia  
S o u th  S eas  P ty . L td ..  N o r th  R y d e . N .S .W .)  in A U C , a so lv en t consisting  o f  3 M  
u r e a - 0 . 1  M  ac e tic  a c id - 0 .0 1  M c e ty ltr im e th y lam m o n iu m  b ro m id e  in w a te r.

L v s in o a la n in e  w as d e te c te d  q u a lita tiv e ly  by th e  m e th o d  o f  S te rn b e rg , K im  & 
P lu n k e t t  (1975). A  p u re  sam p le  o f  ly sin o a lan in e  fo r  re fe re n c e  p u rp o se s  w as 
p re p a re d  b y  th e  m e th o d  o f  O k u d a  &  Z a h n  (1965).

Results

T h e  so lu b ilitie s  o b ta in e d  by tre a tm e n t o f  v ita l g lu ten  w ith  d ilu te  alkali fo r 
v a r io u s  re a c tio n  tim e s  a n d  te m p e ra tu re s  a re  show n in T ab le  1. T h e  ta rg e t 
so lu b ility  o f  ap p ro x im a te ly  10%  (i.e . 100 m g /m l) cou ld  be  ach iev ed  by  co n d u c t
in g  th e  re a c tio n  in  so d iu m  h y d ro x id e  a t 40° (6 h r) ,  60° (2 h r) o r  80°C (20 m in ), bu t 
n o t  w ith in  24 h r  a t 20°C  u n d e r  th e  c o n d itio n s  d esc rib ed . A s a re su lt o f  th e  n eed  
to  u se  h y d ro c h lo r ic  ac id  (o r  so m e  o th e r  ac id ) fo r n e u tra liz a tio n , th e  d ried  
p ro d u c ts  c o n ta in e d  ap p ro x im a te ly  5 %  o f  so d iu m  ch lo rid e , a q u a n tity  sm all 
e n o u g h  to  b e  a c c e p ta b le  fo r  th e  e n d -u ses  en v isag ed . G e l filtra tio n  sh o w ed  th a t 
th e re  w as little  d iffe re n c e  in th e  m o lecu la r w eigh t d is tr ib u tio n  o f  th e  sam ples 
(F ig . 1), a l th o u g h  th e  gel filtra tio n  m ed ia  u sed  w ere  in cap a b le  o f  sep a ra tin g  the 
e x tre m e ly  h ig h  m o le c u la r  w e ig h t frac tio n s  o f  g lu ten  as th e se  a re  ex c luded  from  
th e  c o lu m n s  a n d  e lu te  in th e  vo id  v o lu m e.

T h e re  w e re  so m e  d iffe re n c e s  o b se rv ed  d u rin g  th e  co u rse  o f  th e  reac tio n s  at 
th e  d if fe re n t  te m p e ra tu re s ,  a n d  in so m e  o f  th e  ch a rac te ris tic s  o f  th e  p ro d u c ts .
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Table 1. S o lu b ilities  o f  vital w h ea t g lu ten  after treatm en t in 
0 .2 5  M so d iu m  hyd roxid e

R e a c t io n  c o n d itio n s
P rote in  so lub ility*  
(m g /m l)

T e m p era tu re
m T im e

10%
so lu tio n

20%
so lu tio n

20 24 hr 49 77
40 6  hr 66 — 4
60 2 hr 62 130
80 20 m in 68 139

*T h e p ro te in  c o n te n t o f  the ly o p h ilized  sa m p le s  w as 67%  
in e a ch  ca se .

'''The 20%  so lu tio n  o f  th e  40°C  reaction  p rod u ct w as to o  
v isc o u s  to  m ea su re  accu ra te ly . A  15% so lu tio n  o f  the  
p r o d u ct, th ou gh  rather v isc o u s, gave a p ro te  n so lu b ility  o f  
114 m g /m l.

Volume (ml )

Figure 1. E lu tio n  p ro file  from  gel ch ro m a to g ra p h y  on  S ep h a d ex  G -1 5 0  in A U C  o f  (a ) 
u n tr e a te d  w h ea t g lu te n , an d  g lu ten  trea ted  w ith  0 .2 5  M  sod iu m  h vd rox id e for  (b ) 24  
h o u rs at 2()°C. (c )  6  h o u rs at 40°C . (d )  2 h ou rs at 60°C . ( e i  20 m in u tes at 80°C .
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The original dispersion o f gluten in sodium hydroxide had a light yellow-brown 
colour. A fter treatm ent at 20° (24 hr) or 40° (6 hr), neutralization and 
lyophilization. the products had a pale tan colour, approximately the same 
shade as the original gluten. Som e traces o f ammonia were emitted during the 
course o f the reactions and subsequent neutralization. Analysis o f samples of 
the products, after hydrolysis in hydrochloric acid, showed no detectable 
Iysinoalanine by a m ethod which has been claimed to have a threshold limit of 12 
ppm (Sternberg, Kim & Plunkett, 1975).

A t 60 and 80°C, the reaction mixtures turned a much darker colour, and on 
neutralization the colour changed to greenish-grey, the changes being more 
noticeab le at 80°C. A fter lyophilization, these products were still an un
attractive grey colour. During these reactions, the smell o f ammonia was much 
stronger, probably due to its increased volatility at the higher temperatures. On 
neutralization a strong smell o f hydrogen sulphide accompanied the observed 
colour changes. W hen the lyophilized products were redissolved in water, this 
unpleasant sm ell was again present, although it was not apparent in the dry 
product. D etectab le traces o f Iysinoalanine, that is >  12 ppm (Sternberg, Kim & 
Plunkett, 1975), were present in the 6 M hydrochloric acid hydrolysates o f these 
products, but facilities were not available to determine quantitatively the 
am ount present.

Discussion

T he tim e required for the solubilization o f vital gluten with 0.25 M sodium  
hydroxide, is dependent on the temperature, but a high degree o f solubility can 
be achieved at either 40, 60 or 80°C in acceptable reaction times for commercial 
purposes. A t 20°C, the solubility o f the product was lower, and although this 
could probably be increased with a longer reaction, the reaction time o f 24 hr 
could already be considered too  long for commercial use. There are factors 
which w ould favour the use o f 40°C, although at this temperature the length of 
the reaction is 18 tim es that required at 80°C. In non-food uses where visual and 
flavour characteristics are unimportant, the higher reaction temperature would 
probably be selected  because o f the shorter reaction time.

The colour o f the products obtained from the reaction at either 20 or 40°C 
differs little from that o f the gluten used, while the colour o f the 80°C product is 
considerably darker and lacks aesthetic appeal for use in foods. The unpleasant 
sulphurous sm ell o f  solutions o f the 60 and 80°C products, the presence of 
Iysinoalanine and the darker colours would make these products unsuitable for 
use in food  items.

A lthough the presence o f small amounts o f protein-bound Iysinoalanine in 
foods is probably not harmful (O ’D onovan, 1976), it is possible that future 
restrictions may be placed on permissible levels o f this substance in foods. With 
this in m ind, the product from the 40°C reaction, in which Iysinoalanine was not 
d etected , w ould be the preferred choice.

38
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A ll o f  the products obtained in the described reactions have novel physical 
properties, markedly different from those o f any conventional gluten proteins. 
Further work on the functional properties o f these solubilized proteins needs to 
be carried out to assess their suitability for a variety o f food and non-food uses.
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Book reviews

Fodder Biofactors, Their Methods of Determination. By E. Knobloch and
J. Cerna-H eyrovska.
Am sterdam : Elsevier Scientific Publishing C o., 1980. Pp. 317. ISBN 0 -4 4 4 -  
99783-0. $63.00.

T he m ajor portion o f this book, som e 200 pages, is given over to the determina
tion o f  vitamins in feedstuffs. The remaining chapters cover the analysis o f  
am ino acids, antibiotics and chem otherapeutic agents and stabilizers.

The first impression is that ‘Dr K nobloch’s book gives a com plete and 
objective picture o f the present state o f the analysis of vitamins and som e other 
biofactors in fodders and . . . ' .a s  described in the preface. H owever, on more 
careful exam ination the reader will discover that the majority o f the methods, 
and their associated references, are in fact several years old. This should not be 
taken to imply that all old m ethods are obsolete, but it is rather disconcerting to 
find that som e 75% o f the references are taken from the literature prior to 1970. 
The book does indeed provide a comprehensive survey o f those m ethods that 
are available but there is no emphasis on modern techniques. This may in part be 
due to a long delay in publication.

The chapter covering m ethods available is very perfunctory, in particular in 
the chrom atographic m ethods section high pressure liquid chromatography 
(H P L C ), which is rapidly becom ing the method o f choice for many vitamin 
analyses, is only m entioned, without even one reference to the m ethodology. 
T he general statem ent that physicochemical m ethods are not sufficiently 
reliable, sensitive or specific for B vitamin analyses would be questioned by 
m any practising analysts.

T he sections on individual vitamins provide excellent background material 
concerning biological properties and chemical modifications. The surveys of 
m ethods appear com plete and the exam ples at the end of each section provide 
experim ental details for particular determinations. H owever, as the m ost recent 
references are for 1977 there is little mention o f modern chromatographic 
techniques. T hese com m ents apply to all the sections on vitamins.

The chapter on am ino acids again illustrates the non-selective coverage of 
m ethodology. N o one would dispute the fact that amino acids are optically 
active but also no one would suggest that this is a relevant parameter for their 
determ ination in feedstuffs. Similar com ments could also be made about other 
m ethods cited in connection with other non-vitamin com ponents. In the chapter 
on antibiotics the emphasis is strongly on microbiological methods.
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In conclusion this book provides a well presented comprehensive coverage o f  
m ethodology for fodder biofactors up to 1977. The almost com plete absence of  
m odern chromatographic m ethods detracts seriously from its merits and it is 
hoped  that this will be rectified in a subsequent edition.

Robert Macrae

Spices and Condiments: Chemistry, Microbiology, Technology. By J. S.
Pruthi.
(A dvances in Food Research, Supplement 4). N ew  York: Academ ic Press, 1980. 
Pp xiv +  449, ISBN 0-12-016464—7. $39.50.

This book has been written by an em inent Indian scientist who has specialized in 
the field o f  spices. It is ambitious in its scope and provides chapters on properties 
and uses; analytical techniques; chemical com position; post-harvest 
technology; products technology; utilization of spice wastes; packaging; storage 
and transportation; microbiology; insect infestation; marketing, quality control 
and standards; and research needs. The author’s intention is to provide a 
technical com pendium  on these subjects, to highlight some o f the major findings 
and to point to avenues for further research.

The book is a veritable mine o f information and contains som e 1700 
references. H ow ever, coverage o f the literature is by no means com prehensive, 
as is acknowledged by the author, and a number o f important papers published 
in recent years are not m entioned. A  very useful account is given o f research and 
developm ent work on spices in India, but the book is understandably weaker 
when dealing with developm ents elsewhere in the world. The heavy reliance on 
the Indian experience, com bined with a tendency to awkward presentation, can 
give the unwary reader an incorrect perspective on some topics. For exam ple, 
the section dealing with preparation m ethods for white pepper com m ences with 
what is essentially a review of experimental work in India on this subject, and 
then proceeds to briefly describe m ethods in other geographical areas. Since 
India is not a significant producer o f white pepper, its very small production 
being sold only on the dom estic market, a more useful and balanced discussion 
w ould have dealt with traditional, commercial practices in Indonesia. Malaysia 
and Brazil, follow ed by notes on Indian innovations.

The major disappointm ent o f the book is that for large sections it relapses to 
an annotated bibliography with no linking com ment between items and it fails to 
provide a critical assessm ent o f the information presented. The sections dealing 
with the m icrobiology o f spices and gas chromatography analysis of spice oils are 
unsatisfactory in this respect. The structuring o f the book can also present 
difficulties to the reader. Discussion o f the post-harvest technology o f individual 
spices is rarely continuous and the sequence o f events in preparation is not easily 
fo llow ed . For exam ple, various aspects o f cardamom preparation are covered at 
intervals on pages 180, 185 and 188. Elsewhere, the positioning of topics is
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rather eccentric; the microbiology o f dehydrated onion appears in the 
T echnology chapter and aspects o f mycotoxin and bacterial contamination in 
Chapter 11, entitled Insect Infestation and Its Control, rather than in Chapter 10 
(Sanitation -  M icrobiological Aspects).

The text is also flawed by a number o f errors which must be assumed to have 
arisen from haste in com pilation and proof checking and from the desire to 
include all available information. Unaccountably, a sentence noting 
E sch en m oser’s elucidation o f the structure of zingiberene, the major 
sesquiterpene com ponent o f the volatile oil o f ginger, appears in the middle of a 
discussion o f the non-volatile, pungent principles o f ginger (p. 128); a reference 
to a M adagascan artificial curing process for vanilla occurs in a section entitled  
‘D ehydration o f pim ento berries’ (p. 190); a note on a study o f the utility of 
irradiation treatm ent to increase the volatile oil content o f basil and anise 
appears unexplained in a section devoted to sterilization o f spices (p. 317); 
similar anom alies occur elsew here. A  considerable number o f typographical 
errors, particularly o f authors’ and place names, occur throughout the text, and 
there are som e errors in the references section. The index is generally adequate 
but there are som e notable omissions; for exam ple, ethylene oxide is not listed.

T he chapter dealing with research needs is interesting and wide-ranging, but 
could have been improved by identifying priority areas more clearly. Some 
questionable proposals are made by the author for a substantial expansion of 
production o f certain spices (nutm eg, cassia, cinnamon, cloves and pim ento) 
w ithout providing supporting evidence. While a number o f these spices may be 
in short supply in particular areas, e.g . India, supply to the international market 
seem s adequate in most years. Similarly, the author’s statement that pepper 
( Piper n igrum ) is the most important spice in the world is not strictly accurate. 
Pepper is the most prominent spice in trade with developed countries, but 
Capsicum products (chilies, capsicums and paprika) are the most extensively  
cultivated and consum ed on a global scale.

In conclusion, the author has achieved his primary objective o f preparing a 
technical com pendium , but the book fails to live up to expectations and to 
adequately fill an acknowledged gap on the bookshelf. It is likely to prove of 
value mainly to those already familiar with the field o f spices, requiring a ready 
source o f  inform ation which they are able to assess critically, rather than as a 
guide to those readers new to the subject.

C. L. Green

Handbook of Sugars. Ed. by H. M. Pancoast and W. R. Junk.
W estport, Connecticut: A V I Publishing C o., Inc., 1980. Pp. xii +  598. ISBN  
0 -8 7 0 5 5 -3 4 8 -8 . $49.50.

T he book  is a revised and updated second edition incorporating new ideas and 
research since the original publication in 1973. The book aims to present a
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com pendium  o f available information on the physical properties o f nutritive 
sw eeteners com m only used by the food processor. By presenting a great deal of  
inform ation fundam ental to discussions on food formulation it does not attempt 
to give detailed instructions and so enables planning for a variety of 
circum stances. It is thus presented as a manual o f sugars.

T he first edition was sub-divided into three sections, namely. Section I; 
sucrose, invert syrups and related sugars; Section II: corn syrups and sugars; 
Section  III; blends. Section IV. dealing with lactose and fructose, is new to the 
revised edition. These two nutritive sweeteners are adopting a more important 
role in food  applications, lactose, from the point of its availability, and fructose, 
now being produced industrially, by its interesting intrinsic and physical 
properties. A nother addition (Section V) is that o f food applications. Although  
fairly short, it succinctly presents econom ic considerations and functional 
properties o f the nutritive sweeteners discussed earlier.

A  considerable amount o f material has been published since the first edition  
on high fructose corn syrups. The authors have expanded this area concurrently 
with the important role these modified carbohydrates are now playing in the 
food  industry.

Section III on blends has also been enlarged to include multi-component 
system s and a m ethod for determining the refractive index o f these solutions is 
described.

A  constructive and pragmatic view is taken on the question o f units. The data 
tables have been revised to include metric information although the English 
system  is still docum ented in keeping with the industry’s approach to 
m etrication.

A m ongst other additions are the Recom m ended International Standards of 
the Food and Agricultural Organization o f the United Nations for nutritive 
sw eeteners and the U nited States Food and Drugs Standards for these products. 
R evised  and updated refractive index values have also been included.

A s stated by the authors, the purpose o f the book has been to familiarize the 
food  processor with the physical properties o f sugar and the effects which may 
be attained by variation in environm ent, quantity and type o f sugar present. In 
this, the authors have produced an authoritative work.

T he book will provide a constant reference for the subject area. Although  
slightly expensive for the individual, the book is a must for the library shelf.

S. Z. Dziedzic

Tropical and sub-tropical fruits. By Steven Nagy and Philip E. Shaw. 
W estport Connecticut: A V I, 1980. Pp. x +  570. ISBN 0-87055-350-X . $49.50.

This multi-author book in the established tradition o f the Avi texts on food- 
related subjects is very w elcom e, although there are naturally variations in the 
style and quality o f the treatments o f different authors. It sets out to survey the
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current state o f know ledge o f 21 tropical and sub-tropical fruits as far as their 
com position , properties and uses are concerned. All the major fruits, except the 
citrus fruits, and many minor ones are considered. The book opens with a most 
interesting and informative chapter on the origins, culture, importance and 
future prospects o f each o f these fruits and their different cultivars and 
subsequent chapters deal with the individual crops in greater detail.

A s always in a multi-author text, the chapters of individual authors vary 
considerably in their emphasis and their thoroughness o f coverage, in this case 
regarding maturity, ripening, storage, post harvest problems and utilization and 
com positional changes associated with these variables, although information on 
nutritional value and on flavour com ponents follows a much more consistent 
pattern through the book.

O f the individual chapters, one might start with that on banana and plantain, 
in which dessert bananas (A A A ) are given a compact and informative treatment 
which is, however, not as com prehensive as their outstanding importance in 
international trade compared with other tropical fruits would seem to justify. 
This reviewer would also like to have seen a fuller treatment o f work on 
plantains (A A B ) and other cooking bananas (A B B ).

O ther fruit crops which are both widely and extensively cultivated, to which 
separate chapters are devoted, are mango, papaya, avocado, guava. These are 
all treated in a com petent and authoritative manner by established specialists, 
w ho provide good coverage o f the available literature, combined with valuable 
new  sources o f information on these crops, especially for avocado and mango 
for which m ost information is available. The latter in particular receives a very 
im pressive and detailed treatment.

A n oth er important econom ic crop, the pineapple, is covered much more 
sketchily , the chapter being heavily biased towards a discussion of flavour 
volatiles, which are treated w ell, while other aspects are rather inadequately 
treated. That ancient M editerranean crop, the fig, also deserves a fuller 
treatm ent than it gets, although the discussion o f its com position is of value.

M any others o f the fruits covered, although minor in terms of global produc
tion , are locally o f very great importance, and this reviewer was especially 
pleased  to see the inclusion o f durian and prickly pears (the latter oddly 
com bined in a chapter with sapodilla). These, together with passion fruit, dates 
and persim m on are well covered, while acerola is described in an exceptionally 
thorough chapter which brings together a great deal o f information on the 
com position  and utilization o f this fruit, one o f the richest known sources of 
vitam in C.

O ther fruits o f lesser importance, such as lychee, loquat, mangosteen, 
soursop, tamarind and chironja (why the last named should be included when 
other, vastly m ore important citrus are not, is not obvious) receive only brief 
treatm ent, but this arises more from the lack of information that is available 
than any deficiency in the coverage o f what there is.

The inclusion o f macadamia nuts in a book otherwise devoted to fruit is
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surprising, but the chapter constitutes a useful review of the crop.
The book is o f A v i’s usual high standard of production. In spite o f some few  

deficiencies, it will be a most valuable addition to the library of any organization  
concerned with the subject, though the price puts it beyond the reach o f most 
individual purchasers.

D. G. Coursey

Books received

Developments in Food Packaging, Volume 1. Ed. by S. J. Palling.
London: Applied Science Publishers, 1980. Pp. xv x 190. ISBN 0-85334-917-7. 
£18.00.

The first in a new series, this volum e contains chapters on metal containers and 
closures (J. D . Malin): rigid plastics packaging (J. H. Briston); flexible plastics 
packaging (R . R. Goddard); Glass (D . G. Osborne); Paper and board develop
m ents (W . A . Jones); Food technology to the year 2000 (M. C. Philip); and 
International legislation (M. A . Andrews).

The Laboratory Diagnosis of Toxoplasmosis. By D. G . Fleck & W. Kwantes 
(Public Health Laboratory Service Monograph Series N o. 13).
London: H M SO , 1980. Pp. iii +  20. ISBN 0-11-887104-8. £2.00.

Toxoplasm osis is one o f the com m onest worldwide protozoan parasitic infesta
tions o f humans. A bout 300 cases are diagnosed and notified each year in 
England and W ales, but there are indications that the infection rate is 1 in 200. It 
is believed that uncooked meat and unwashed salads are common vehicles of 
infection. This booklet describes serological tests used to diagnose the disease in 
humans, but there is only a passing mention o f the detection of the parasite in 
meat.

Benchbook on Brucella. By L. Robertson, I. D . Farrell, P. M. Hinchliffe and 
R. A . Quaife.
(Public Health Laboratory Service Monograph Series No. 14). London: 
H M SO , 1980. Pp. vii +  45. ISBN 0-11-887105-6. £3.00.

Brucellosis can be contracted not only through direct contact with infected  
animals and from airborne droplets, but also by ingestion o f infected milk and 
cream. This booklet describes m ethods for the isolation o f Brucella from clinical 
specim ens and also from milk and other dairy products, and provides a guide to 
identification, with a prefatory caution on the hazard arising from laboratory 
work with the organism.
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Current Food Consumption Practices and Nutrition Sources in the 
American Diet. By R. L. Rizek & E. M. Jackson.
H yattsville, Maryland Consum er Nutrition Center, U .S . Department of 
Agriculture, 1980. Pp. 35.

This booklet describes changes in food habits and diet status which occurred 
betw een  1965/66 and 1977/78 based on surveys carried out in those years. 
Sixteen  tables are included which illustrate intake o f specific foods, value, 
intakes in terms o f energy, protein, fat and iron.

Experimental Food Chemistry. By N. I. Mondy.
W estport, Connecticut: A V I Publishing C o ., 1980. Pp. ix +  269. ISBN 0-87055- 
343-7 . $13.50.

This book, designed for American college use, lists experiments possibly 
suitable for C .S .E . and ‘O ' level courses in Home Economics.

Handbook of Legumes of World Economic Importance. Ed. by J. A . Duke. 
N ew  York: Plenum Press, 1981. Pp. xi +  345. ISBN 0-306-40406-0. $45.00.

Nearly 150 econom ically important species o f legumes are listed under Latin 
binom ial and a few trivial names. They are then described under the following  
standard headings: uses; folk medicine; chemistry (particularly nutritional and 
toxicological aspects); description and line drawings of the plant; germplasm; 
distribution; ecology; cultivation’ harvesting; yields and econom ies; and pests.
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m oisture food s; fabricated dairy products; reform ed m eats; and snacks
T he book  e n d s with a survey of the training of fo o d  scientists and tech nolog ists in resp o n se  to the  
changing d em a n d s of the con su m er , and a d iscussion  of n e w  fo o d s and n ew  p ro cesses  already under  
d ev e lo p m en t and w hich m ight be utilized in the d e c a d e s  ah ea d .

Fourth edition paperback £ 7 .5 0  JO H N  M URRAY

(i)



+ Microbiology 
+  Q e n e t ic s  

+Biochemistry 
+ tngineering 
+ Chemistry 
+Vhatmacy 
+lood Jechnobgy
* Biotechnology ofc

M i l l

Y,\o\ v 'A " 'oV" " ‘N

— 1 ■— ■—
VoU Vot 5 V0L6 Vb17
5 03 00 w
© £ £ £
s¡r

ftnsr
3n3*

A3nZP!
Ö
IS

0
1

§
O
\0

\*<

3o
o
P'<
°$°

One of the most 
promising applications 
of modem
interdisciplinary science.

©_ o >J©■<
"Biotechnology -  A Comprehensive Treatise 
in 8 Volumes" is the title of what will be the 
first complete reference work of this expand
ing discipline.

Activities in biotechnology have increased significantly in recent years 
both in research and development. Industrial applications in many areas show great promise 
in providing much needed products that would otherwise be difficult or even impossible to 
obtain. In addition, biotechnological methods play an important part in helping to reduce 
environmental pollution.
In view of the advances that have been made an encyclopedic description of the state of the 
art in this field is both needed and timely. It will provide the basis for further applications of 
present knowledge and for the generation of new knowledge through extended research 
efforts. A descriptive brochure and a 16 page sample chapter are available to inform you more 
fully about this exciting project.
To obtain this material, please complete and mail the information coupon today.

Please complete and return to Verlag Chemie GmbH, Marketing Dept. P.O.Box 1260/1280, D 6940 Weinheim, Federal Republic of Germany

Information Coupon -  Biotechnology
I would like to receive the descrip
tive brochure and the 16 page
sample chapter. Please send it to _____ ____
me by return. _ ____
My address is as follows. ______  __
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Cereals and Brewing 
Research

High technology perm anent or 3 -year contract p o sts  
overseas for goal-orientated researchers.

The primary task of the Pretoria-based 
National Food Research Institute (an integral 
part of the CSIR) is to promote the effective 
utilisation of South Africa's food resources.
Our activities include both fundamental and 
applied research of international standard into 
aspects of food composition, utilisation, 
preservation, packing, storage as well as 
product process and development.

We currently seek those of you who. for 
maximum job satisfaction, need a high degree 
of operational autonomy together with a gen
erous remuneration package and sustained 
career prospects. Appointments are available 
on either a permanent or 3-year contract 
(renewable) basis and findings may be used as 
bases for Masters' or Doctoral dissertations.

CEREALS
Biochemists

Existing teams are working on the cereal, 
sorghum, as a grain and a malt for the brewing 
of African' beer. We now want a Biochemist 
to ascertain the nutritional and biochemical 
characteristics of various sorghum grain 
varieties prepared in different ways as human 
foodstuffs. This is essentially pioneering work 
involving both biochemical and technological 
aspects.

We also need a Biochemist to join a team 
in the field of cereal biochemistry with the 
emphasis on the proteins and proteinases of 
sorghum grain and malt. Enzyme assays, 
protein determinations and the monitoring of 
the biochemical'structural modifications that 
occur in sorghum grain when germinated are 
among the tasks involved.

Both Biochemists will need at least a BSc 
(Hons) plus, ideally, experience in cereal 
research.

Research Assistants
To be involved in cereal biochemistry 

laboratory research and statistical analysis 
within the Sorghum Beer Unit, you will need 
at least a BSc in Chemistry, Biochemistry or 
Agriculture plus experience in one or more of 
the following: enzyme biochemistry, plant 
physiology and statistical analysis.

Additionally we seek a BSc graduate (or 
equivalent) to assist in the development of 
nutritious cereal foodstuffs.

Electron Microscopist
To join a team working on the structural 

and physiological/ biochemical functions of

the cereal grain, sorghum. So, in addition 
to being trained and qualified in electron 
microscopy (up to PhD level), you should 
possess some experience in Botany and or 
Plant Biochemistry.

BREWING
Brewing Engineer/Technologist

Beer brewed with the cereal, sorghum, is 
the traditional alcoholic beverage of southern 
Africa's black peoples. It is different from 
barley beer in that it is not hopped; contains 
significant amounts of particulate material; 
is more acidic and sold in an active 
fermentation state.

The Brewing Technology Division within 
our Sorghum Beer Unit seeks an Engineer' 
Technologist to be involved in all the Division's 
activities including brewing processes and 
plant R& D: trouble-shooting throughout the 
industry: the development of new packaging 
forms/systems, lecturing and the training of 
professional brewery staff -  all necessitating 
a considerable amount of travel. So you should 
possess a recognised formal qualification in 
the engineering aspects of brewing together 
with sound relevant post-training experience 
and fluency in English, both verbal and written. * •

All salaries are negotiable and these will be 
augmented by South Africa's high standard of 
living at relatively low cost and the following 
benefits: •  free air passages (return for 
contract appointees) •  assistance with 
removal costs •  settling-in allowance
•  generous house purchase scheme, where 
applicable •  annual bonus (13th cheque)
•  medical aid, pension/life assurance 
schemes •  outstanding schooling, sports 
and recreational facilities, etc.

For nn application form, cither ring London 
242 1766 during normal office hours or send 
brief personal and career details (including 
phone number) to The Scientific Counsellor. 
Chichester House, 278 High Holborn, London 
WC1V 7HE, England, quoting reference 
11/1/645 clearly on your envelope. All 
interviews will be conducted in the UK.

The CSIR was established to develop 
the Republics research-oriented 

manpower, material resources and 
national community services through 

4.500 personnel employed at 19 research 
laboratories and institutes nationwide

COUNCIL FOR SCIENTIFIC AND INDUSTRIAL RESEARCH
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World Review of Nutrition and Dietetics, Vol. 36
Editor: G.H. Bourne, Grenada, West Indies 
ISSN 0084-2230

Human Nutrition 
and Diet

X + 226 p., 27 fig., 63 tab., 
bound,1980 
SFr. 192.- / DM 230 -  / 
approx. U S $ 11 5.00 
ISBN 3 -8055-1  347 -X

Fields of Interest 
Nutrition, Metabolic Diseases; 
Biochemistry, Dietetics, 
Genetics, Gynecology, 
Laboratory, Neuropathology, 
Pharmacology, Toxicology

B. B lanc: B iochem ical Aspects o f Human M ilk  — Com parison w ith  
Bovine M ilk

M. Gabr: M a ln u tr itio n  du ring  Pregnancy and Lacta tion
M arianne Stasse-Wolthuis: In fluence o f D ie tary F ib re on C holestero l 

M etabo lism  and C o lon ic  F u nc tion  in H ealthy Subjects
B . O. O sun tokun : Cassava D ie t, C hron ic  Cyanide In to x ic a tio n  and 

N europa thy in the Nigerian A fricans
Y. Pomeranz: Genetic Factors A ffe c tin g  Prote in C ontent and C om 

pos ition  o f Cereal Grains
C. A . W addell and I.D . Desai: The Use o f Labora to ry  A n im a ls  in 

N u tr it io n  Research

In this volume, nutrition sci
entists from Europe, America, 
Egypt, and Africa review ac
cumulated knowledge on six 
topics important to the future 
of human health. The first re
view compares human and bo
vine milk, offering extensive 
information on the complex 
differences in biochemical 
composition and physico
chemical characteristics. Draw
ing upon personal studies as 
well as the world literature, 
the author examines differ
ences in protein, lactose and 
ash contents, as well as in the 
particular milk components. 
His conclusions strongly sup-

port the nutritional advantages 
of breast-feeding.
In a second review, the con- 
sequencesof malnutrition dur
ing pregnancy and lactation 
are discussed through sum
maries of research on the his
tological, metabolic and socio
economic aspects of perinatal 
nutrition. The volume's third 
contribution evaluates human 
experimental work testing the 
effects of dietary fibre on 
both the level of serum lipds 
and colonic function. Sug
gested mechanisms for the ac
tion of dietary fibres are con
sidered together with the 
possibility that Western diets

would benefit from a higher 
fibre content. Other contribu
tions include an analysis of 
dietary factors in the patho
genesis of tropical neuropathy 
and a report on current efforts 
to improve the protein con
tent of barley, corn and oats 
through genetic means. The 
final review evaluates the uses 
of laboratory animals in nu
trition research.

Basel • München • Paris 
London • New York • Sydney

Orders can be placed at any bookstore or directly with the publisher:
S. Karger A G , Allschwilerstrasse 10, P.O. Box, C H —4009 Basel (Switzerland)
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Journal of the Science 
of Food and Agriculture

Management Committee 
E.R. Dinnis Northallerton 
R.J. Dowdell ARC Letcombe 
H. Fore ARC London 
A.J. Low Wokingham 
R. Walker University of Surrey

The Journal o f the Science o f Food and Agriculture is an international journal concerned 
with the publication of research papers, notes and review articles in the fields of 
agriculture, the food sciences and other associated sciences. It is of interest to scientists 
and technologists in agriculture, the food industry and horticulture and deals with 
vegetable, fruit, meat, egg and milk technology together with all branches of agriculture.
Published on behalf of the Society of Chemical Industry, the journal is managed by a 
Management Committee and a large Editorial Board drawn from research institutes, 
industrial organisations and universities in the U.K. and overseas.
Journal o f the Science o f Food and Agriculture is published monthly at £67.50 (U.K.), 
£81.00 (overseas), $202.50 (U.S.A. and Canada) per annum post free, including delivery 
by Accelerated Surface Post to subscribers in North America.

Order Form
Please tick the appropriate box

□  I would like to subscribe to Journal o f  the Science o f Food and Agriculture  
and I enclose my remittance for the current volume

□  I would like a specimen copy of Journal o f the Science o f Food and 
Agriculture

N am e............................................................................................................................

Address........................................................................................................................

This form should be sent to
Blackwell Scientific Publications Ltd, P.O. Box 88, Oxford, England

Blackwell Scientific Publications
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Journal of Chemical 
Technology and 
Biotechnology

Edited by S.C. Bevan
Brunei University, Uxbridge

Published on behalf of the Society of Chemical Industry, the Journal o f Chemical 
Technology and Biotechnology is concerned with the publication of new work carried out 
in the U.K. and overseas in the fields of applied chemistry and biotechnology and is an 
important source of information for Industrial and academic chemists and related 
technologists. Topics include building and road materials, ceramics, metallurgy, dyes, 
resins, solvents, extraction ion exchange, fermentation and enzyme technology, industrial 
production of microbial protein, antibiotics, enzymes, vaccines and other biological 
products, biodegradation and effluent disposal.

Formerly entitled Journal o f Applied Chemistry and Biotechnology, the journal is 
designed to combine quality and flexibility of presentation with rapidity of publication. Its 
critical but constructive editorial policy ensures that only work of the highest scientific 
standards is reported in its columns.

Journal o f Chemical Technology and Biotechnology is published monthly at £50.00 
(U.K.1, £60.00 (overseas), $150.00 (U.S.A. and Canada) per annum post free, including 
delivery by Accelerated Surface Post to subscribers in North America.

Order Form
Please tick the appropriate box

□  I would like to subscribe to Journal o f Chemical Technology and  
Biotechnology and I enclose my remittance for the current volume

□  I would like a specimen copy of Journal o f Chemical Technology and 
Biotechnology

N a m e ....................................................................................................................

A ddress................................................................................................................

This form should be sent to
Blackwell Scientific Publications Ltd, P.O. Box 88, Oxford, England

Blackwell scientific Publications
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JOURNAL OF FOOD TECHNOLOGY: NOTICE TO CONTRIBUTORS
The Journal of Food Technology publishes original 
contributions to knowledge of food science and tech
nology and also review articles in the same field. 
Papers are accepted on the understanding that they 
have not been and will not be, published elsewhere in 
whole, or in part, w ithout the Editor’s permission. 
Papers accepted become the copyright of the Journal. 
This journal is covered by Current Contents.

Typescripts (two complete copies) should be sent to 
the Editor, D r H . Liebm ann, c/o Institute of Food 
Science and Technology (U .K .), 105-111 Euston 
Street, London NW1 2ED. Papers should be type
written on one side of the paper only, with a 1J inch 
m argin, and the lines should be doubled-spaced. In  addi
tion to the tide o f the paper there should be a  ‘running 
title’ (for page headings) of not more than  45 letters 
(including spaces). T he paper should bear the nam e of 
the author(s) and of the laboratory or research institute 
where the work has been carried out. T he full postal 
address o f the principal author should be given as a 
footnote. (The proofs will be sent to this author and 
address unless otherwise indicated.) T he Editor 
reserves the right to make literary corrections.

Arrangement. Papers should norm ally be divided 
into: (a) Sum m ary, brief, self-contained and embody
ing the m ain conclusions; (b) Introduction; (c) 
M aterials and m ethods; (d) Results, as concise as 
possible (both tables and figures illustrating the same 
da ta  will rarely be perm itted); (e) Discussion and 
conclusions; (f) Acknowledgments; (g) References.

References. Only papers closely related to the 
au thor’s work should be included; exhaustive lists 
should be avoided. References should be m ade by 
giving the au thor’s surname, with the year of publica
tion in  parentheses. W hen reference is m ade to a work 
by three authors all names should be given when cited 
for the first time, and thereafter only the first name, 
adding et al., e.g. Sm ith et al. (1958). The ‘et al.’ 
form should always be used for works by four or more 
authors. I f  several papers by the same author and 
from the same year are cited, a, b, c, etc. should be pu t 
after the year of publication, e.g. Sm ith et al. (1958a). 
All references should be brought together a t the end of 
the paper in alphabetical order. References to articles 
and papers should mention (a) name(s) of the author(s) 
(b) year of publication in parentheses; (c) title of 
journal, underlined, abbreviated according to the 
World List o f Scientific Publications, 4 th  edn and supple
ments; id) volume num bers; num ber of first page of 
article. References to books and m onographs should 
include (a) name(s) and initials o f author(s) or 
editor(s); year of publication in parentheses; (b) title, 
underlined; (c) edition; (d) page referred to; (e) 
publisher; (f) place.

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

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

SI U N IT S
gram g Joule J
kilogram kg =  103 g Newton N
milligram m g = 1 0 -3 g W att W
metre m Centigrade °c
millimetre mm =  10-3 m hour hr
micrometre fi=  10-8 m m inute min
nanometre n m =  10-9 m second sec
litre 1 =  10-3 m 3

N O N  SI U N ITS 
inch in =  25-4 mm
foot :'t =  0-3048 m
square inch :n 3 =  645-16 m m 3
square foot ft3 =  0-092903 m 3
cubic inch :n3 =  1-63871 x 10‘ m m 3
cubic foot ft3 =  0-028317 m 3
gallon gal =  4-54611
pound ib =  0-453592 kg
pound/cubic

inch lb in-3 =  2-76799 x 101 kg n r
dyne
calorie (15°C) cal

=  10-5 N 
=  4-1855 J

British Therm al 
U nit BTU =  1055-06 J

Horsepower H P =  745-700 W
Fahrenheit °F =  9/5 r ° C + 3 2

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

Tables. T here should be as few tables as possible and 
these should include only essential d a ta ; the data  
should not be crowded together. T he m ain heading 
should be in bold with an  Arabic num ber, e.g. 
Table 2. Each table must have a caption in small 
letters. Vertical lines should not be used.

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