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The two-factor triangle test

J .  M . H A R R IE S *  a n d  G . L . S M IT H f§

Summary

T h e  tr ia n g u la r  te s t ,  co m m o n ly  u se d  in  sen so ry  te s ts  o f  fo o d  q u a lity , is g en e ra lly  
in te r p r e te d  o n  th e  a s su m p tio n  th a t  th e  p ro b a b ility  o f  a  c o rre c t se lec tio n  is th e  
s a m e  fo r  a ll a sse sso rs , a n d  in d e p e n d e n t fo r  s e p a ra te  tria ls  lead in g  to  th e  u se  o f  
th e  b in o m ia l d is tr ib u tio n  in  se ttin g  u p  te s ts  o f  significance. O n ly  w h en  th e re  is 
n o  r e a l  d is c r im in a tio n  is it t ru e  th a t  u sing  o n e  ta s te r  n tim es is th e  sam e as u sing  n 
ta s te r s  o n c e , th e  basis  fo r  th e  co lu m n  h e a d in g  ‘n u m b e r o f  ta s te rs  o r  ta s tin g s’ in  
p u b lis h e d  ta b le s  o f  sign ificance. T h is  p a p e r  a tte m p ts  to  rem o v e  th is  a ssu m p tio n  
b y  th e  u se  o f  th e  b e ta -b in o m ia l d is tr ib u tio n , a n d  suggests an  in te rp re ta t io n  in  
w h ic h  th e  c h a n c e  o f  success is d iffe re n t b e tw e e n  a n d  w ith in  assessors so th a t  a 
tw o -f a c to r  an a ly sis  b ec o m e s  p o ssib le . A  se t o f  d a ta  re la tin g  to  th e  flav o u r o f  fish 
h a s  b e e n  re in te rp re te d  in  th e se  te rm s.

Introduction

T h e  t r ia n g u la r  te s t  h as  co m e  to  b e  re g a rd e d  as th e  a rc h e ty p e  o f  th e  d irec t 
d if fe re n c e  te s t  in  th e  sen so ry  asse ssm e n t o f  fo o d  q uality . In  a  su rvey  o f  th e  
m e th o d s  u s e d  b y  fo o d  co m p an ie s  in  th e  U .S .A . B ra n d t a n d  A rn o ld  (1977) 
fo u n d  th a t  th e  tr ia n g le  te s t  w as th e  m o s t o f te n  u sed  m e th o d  a n d  th e re  is ev e ry  
r e a s o n  to  s u p p o se  th a t  th e  s itu a tio n  is m u ch  th e  sam e in  th e  U .K . (M u lle r, 
1977). Y e t ,  to  ju d g e  b y  p u b lish e d  re su lts , so m e  difficu lty  is o f te n  e x p e rie n c e d  in  
th e  in te rp re ta t io n  o f  th e  find ings. T h e  m e th o d  w as ex ten siv e ly  a n a ly se d  by  
F r i j te r s  (1980) w h o  m a d e  n o  re fe re n c e  to  th e  p ro b le m  d iscussed  in th is  p a p e r .

T h e  sa m e  a ssu m p tio n s  h av e  b e e n  m a d e  in  all in te rp re ta tio n s  o f  tr ian g le  te s t  
re s u lts  f ro m  H e lm  a n d  T ro lle  (1946) to  W o o d w a rd  a n d  S ch u can y  (1977) w ho  
s ta te  th a t  th e y  u se  th e  sam e  m o d e l as H o p k in s  a n d  G rid g e m a n  (1955), i.e . th a t
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th e  p ro b a b il i ty  o f  a  c o r re c t an sw er is th e  sam e fo r all su b jec ts  a n d  is in d e p e n d e n t 
f ro m  tr ia l  to  tr ia l ( th e  b in o m ia l d is tr ib u tio n ). U n d e r  th e  nu ll h y p o th es is , th is  
p ro b a b il i ty  is o n e - th ird , a n d  th e  a ssu m p tio n  is th e  basis  fo r  th e  now  fam ilia r 
c o lu m n  h e a d in g  in  ta b le s  o f  sign ificance, ‘n u m b e r o f  ta s te rs  o r  ta s tin g s’ (e .g .
B .S .I .  1980). O n ly  w h e n  th e re  is n o  d isc rim in a tio n  is it tru e  th a t  using  o n e  ta s te r  
n t im e s  is th e  sam e  as using  n ta s te rs  o n ce . A s so o n  as w e ap p ro a c h  th e  
‘th r e s h o ld ’ h o w e v e r  (a n d  th e  d e fin itio n  o f  th e  th re sh o ld  m ay vary  w ith  
c irc u m s ta n c e )  d ifficu lties a rise . In e v ita b ly , as so o n  as th e  lim its o f  
d is c r im in a tio n  a re  re a c h e d  th e  assu m p tio n  o f  e q u a l a n d  in d e p e n d e n t 
p ro b a b il i t ie s  b e c o m e s  u n te n a b le . T h e  p a n e l w ill consist o f  a m ix tu re  o f  
d is c r im in a to rs  a n d  n o n -d isc r im in a to rs , w h ich  will ch an g e  as th e  m ag n itu d e  o f  
th e  d if fe re n c e  b e tw e e n  th e  s tim u li in c re ases , u n til p re su m a b ly  all m em b ers , 
e v e n tu a l ly ,  w ill b e  d isc rim in a to rs .

T h is  p a p e r  co n s id e rs  th e  s itu a tio n  in  w h ich  th e  p ro b a b ility  o f  success in  a 
tr ia n g le  te s t  is n o t  e q u a l fo r  all assessors. T h e  th e o ry  d ev e lo p e d  is ap p licab le  to  
a ll d i re c t  d iffe re n c e  te s ts , b u t  a t te n tio n  is c o n c e n tra te d  o n  th e  trian g le  te s t 
b e c a u s e  o f  its  p ra c tic a l im p o rta n c e .

Alternative models

T h e r e  h a s  b e e n  so m e  d iscussion  in  th e  s ta tis tica l li te ra tu re  o f  a d e te rm in is tic  
a p p r o a c h  to  p a ire d  c o m p a riso n  te s ts , w h en  u sed  to  s tu d y  c o n su m er p re fe re n ces . 
H o rs n e l l  (1969) a rg u e s  th a t  re su lts  can  b e  e x a m in e d  a d e q u a te ly  w ith  a m o d e l in  
w h ich  so m e  re sp o n se s  a re  d e te rm in is tic  ( i .e .,  p ro b a b ilitie s  o f  0 an d  1 a lo n e  a re  
p o s s ib le )  a n d  so m e  a re  ra n d o m  w ith  a co m m o n  p ro b a b ility  o f  cho ice . H e  
c o n s id e rs  th a t  a s to c h a s tic  d is tr ib u tio n  ‘is an  u n n ec essa ry  a ssu m p tio n  in  th e  
c o n d it io n s  o f  p ro d u c t  te s tin g ’ a n d  is n o t such  a g o o d  basis fo r  in fe ren ce  as th e  
c o m p o s ite  o n e . W ie re n g a  (1974) uses th e  s to ch as tic  m o d e l, th a t  is, th e  p ro b ­
a b ili ty  th a t  a n  in d iv id u a l in  a  p a ire d  co m p ariso n  te s t  w ill p re fe r  a  p a r tic u la r  o n e  
o f  th e  a l te rn a tiv e s  is n o t necessarily  0 o r  1, b u t  m ay  a lso  lie so m ew h ere  b e tw e e n  
th e s e  e x tre m e s . W e  ag ree  w ith  H u tc h in so n  (1979) w h o  co n sid ers  th a t  H o rs n e ll’s 
m o d e l is in  co n flic t w ith  p sycho log ica l id eas  a b o u t th e  p ro cesses  o f  p e rc e p tio n  
a n d  d e c is io n . In d e e d , it is n o t p ra c tic a b le  to  th in k  o f  such  d irec t d iffe ren ce  te s ts  
as  th e  tr ia n g le  te s t  in  o th e r  th a n  s to ch as tic  te rm s.

T h e  id e a  o f  a s to c h a s tic  m o d e l fo r p re fe re n c e  h as  b e e n  ex a m in e d  by W ie re n g a
(19 7 4 ) u sin g  th e  b e ta -b in o m ia l m o d e l (S k e llam , 1948) in  w hich  th e  p a ra m e te r  p 
is n o t  c o n s ta n t  b u t  h a s  th e  b e ta  d is tr ib u tio n . C h a tfie ld  an d  G o o d h a rd t  (1970) 
a lso  u s e d  it as a  m o d e l fo r  c o n su m e r p u rch as in g . T h e  b e ta -b in o m ia l m o d e l has 
n o t ,  h o w e v e r , b e e n  a p p lie d  to  d ire c t d iffe ren c e  te s ts , w h e re  it has th e  c lea r 
a d v a n ta g e  o v e r  th e  b in o m ia l o f  p e rm ittin g  a re la x a tio n  o f  th e  c o n s tra in t th a t  th e  
p ro b a b il i ty  o f  a  c o r re c t  a n sw e r sh o u ld  be  in v arian t.

T h is  a l te rn a tiv e  m o d e l su p p o ses  th a t  p, th e  p ro b a b ility  o f  co rrec t se lec tio n ,
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h a s  th e  b e ta  d is tr ib u tio n

b ip ) = Pa- '(1 -P Y -'  
B (a, 13) ( 0 < p < l )

w h e re  B ( a ,  ¡3) is th e  b e ta  fu n c tio n  w ith  p a ra m e te rs  a  an d  f3,

i .e . ,  B( a , j 8 ) =  J 1
0

du

T h e  d is tr ib u tio n  o f  r, th e  n u m b e r  o f  c o rre c t se lec tio n s in a p a n e l o f  n, is th en  
g iv en  by

P(r\n, a,f3) /(■) '

(1 - p y - r j £ 2 ( l - p r '
p> B (a, 13)

dp

= n ) 3 ( a  + r ,P  + n - r )
\ r )  B ( a , /3 )  f U - r - n )

a n d  it fo llo w s th a t  th e  m e a n  a n d  v a ria n ce  o f  r a re  re spective ly

E  ( r )  =
na 

a + (3 a n d  V a r ( r )  = na(3 (n + a + ¡3)
( o ;  + 13 ) 2 ( q î  +  ¡3  +  1 )

F o r  th e  b in o m ia l m o d e l, fo r w hich  p is fixed,

E ( r )  =  np a n d  V a r ( r )  =  np{\ —p).

W ith  s u ita b le  ch o ice  o f  a a n d  (3 a lm o s t an y  d is tr ib u tio n  o f  a v a ria te  b o u n d e d  
b y  0 a n d  1 can  b e  sa tis fac to rily  a p p ro x im a te d  by  a b e ta  d is tr ib u tio n . T h e  effec t 
o f  a n y  v a r ia t io n  a t  all in p w ill b e  to  in c re a se  th e  v a rian ce  o f  th e  d is tr ib u tio n  o f  r 
f ro m  th a t  o f  th e  b in o m ia l d is tr ib u tio n  hav ing  th e  sam e m e a n , b u t ju s t how  
d ra m a tic  th is  can  b e  is show n  (F ig . 1) by  th re e  ex am p le s  o f  th e  b e ta  d is tr ib u tio n  
c o n s tru c te d  in  a s im ila r m a n n e r  to  th o se  in  W ie ren g a  (1974), b u t w ith  a a n d  ¡3 
c h o s e n  to  g ive a m e a n  o f  Vs in s te a d  o f  0 .6 . E ac h  d is tr ib u tio n  has th e  sam e value 
o f  a + (3 as  th e  c o rre sp o n d in g  o n e  g iven  by  W ie re n g a , an d  T a b le  1 show s values 
o f  th e  m e a n  a n d  v a r ia n c e  o f  th e  b e ta -b in o m ia l d is tr ib u tio n  an d  th e  b in o m ia l 
d is t r ib u tio n  w i th p — Vs, a n d  n = 20.

F o r  d is tr ib u tio n  I, w h e re  p is fa irly  co m p ac tly  c lu s te re d  a ro u n d  Vs, th e  
v a r ia n c e  o f  6 .2  is n o t  m u ch  g re a te r  th a n  th e  figure o f  4 .4  fo r th e  b in o m ia l, b u t fo r 
th e  m o re  w id e ly  s c a tte re d  II a n d  p a r tic u la rly  fo r d is tr ib u tio n  III  (w hich  in th e  
c a se  o f  p re fe re n c e  te s tin g  ap p ro x im a te s  to  th e  e x tre m e  b u t q u ite  feasib le  
s i tu a t io n  o f  so m e  su b je c ts  p re fe rr in g  o n e  p ro d u c t w ith  p ro b a b ility  1.0 a n d  th e  
o th e r s  ch o o s in g  th e  o th e r  w ith  c e rta in ty )  th e  v a rian ce  is co n sid e rab ly  in c reased .

Practical implications

T h e r e  is n o  in d ic a tio n  fro m  th e  p u b lish e d  li te ra tu re  o f  th e  o rd e r  o f  m a g n itu d e  o f  
th e  p a r a m e te r s  a  a n d  (3. T h e y  m ay  vary  e n o rm o u s ly , d e p e n d in g  u p o n  th e  sense



156 / .  M . H arries a n d  G . L . S m ith

Figure 1. Som e exam ples of the beta  distribution with m ean = VS; . . case I,
a  = 1 5 .6 7 , (8 =  31.33; —  —  — , case II, a  =  1.67, (8 = 3.33; --------- , case III,
a  =  0.2381, /3 =  0.4762.

Table 1. M eans and variances of some exam ples of the 
beta-b inom ial d istribution

D istribu tion n a P E  ( r ) V (r)

I 20 15.67 31.33 6.7 6.2
II 20 1.67 3.33 6.7 18.5
III 20 0.2381 0.4762 6.7 53.7
B inom ial, p = V3 — — — 6.7 4.4

modality and the magnitude of the sensory difference. However, a sensory 
difference situation in which the conditions represented by type III above would 
obtain, i.e. some subjects always correct, the others always wrong, is most 
unlikely in practice. It has been well established that people vary in their
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sensitivity to most stimuli, and in some contexts that there is a greater variation 
between subjects than within (i.e. between different occasions for the same 
subject) e.g. Amerine, Pangbom and Roessler (1965). Provided the sensory 
difference is great enough, the value of p will be unity, and the assumption 
made in published tables of the triangle test -  that number of tastings and 
number of tasters can be interchanged -  will again hold good (as it does when 
there is no discrimination). The variance will now be 0, but this is a situation of 
no interest to the practical investigator, and may not even exist in practice.

Reports of investigations in which a sensory difference is gradually increased 
until all the assessors are able to identify it are rare. An interesting example, 
however, is that of O ’Connor, Stevenson and Holmes (1974), who used 
triangular tests to study thermal perception in the mouth. Ten subjects twice 
compared water differing by 5°C at each of fourteen temperature steps. They 
used 100 people altogether with groups ‘selected informally’. A histogram of the 
results shows that at two temperature steps (10°C-15°C and 30°C-35°C) they 
achieved 100% correct responses.

The values of a and (3 are likely to vary with the sensory context. Values can 
be calculated for any set of data, but published sets which give separate 
frequencies for individual assessors are rare. It is of course possible to apply the 
method to sets of data in which the second factor is something other than 
assessors (Harris, Strong & Sunde, 1968) but the main interest must lie in 
comparing the variation within and between assessors. Because the triangle test 
has mainly been used in small-scale investigations most easily calculable 
coefficients will be of no more than local interest. Occasionally, however, the 
method has been used on a larger scale, though such experiments are often 
complicated either by a multiplicity of sensory differences (‘treatments’, in the 
terminology of experimental design) or irregular attendance of the assessors. 
One such data set has been examined in detail, concerning the comparison of 
feral and farmed plaice (Hume, Farmer & Burt, 1972).

A typical data set
Twenty-eight tasting sessions were carried out over a period of 16 months to 
see whether plaice from a fish farm could be distinguished from plaice which has 
been trawled at sea. The series of tests reflected seasonal effects, differences in 
condition of the fish (exercised or rested) and method of handling (gutted or 
ungutted between catching and storage).

There were no large differences between the proportion of correct responses 
for each treatment, but there were significant differences between those for 
each season. Using the binomial assumption and testing for the difference 
between the proportion correct for spring [p = 0.59) and summer (p = 0.42) the 
difference was significant at the 0.001 level (see Smith, 1981). The variation both 
in panel attendance, and in the proportion of correct results achieved by the 
individual assessors, can be seen in Table 2. There were actually 280 assessments
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T able 3. Results from six sets of three trials

Length Number of assessors
of with each number of Estimated
storage correct responses Variance values
time Panel -------------------------- --------------------------------- ----------------

Date (days) size 0 1 2 3 P Actual Expected* a /8

Mar 70 1 h 1 4 4 2 0.55 0.095 0.083 22.0 18.4
June 70 1 8 1 3 4 0 0.46 0.062 0.083 — —

June 70 5 11 2 3 4 2 0.52 0.119 0.083 2.9 2.8
July 70 1 11 5 4 2 0 0.24 0.069 0.061 19.9 62.3
July 70 3 10 2 2 5 1 0.50 0.105 0.083 7.0 7.0
Oct ’69 3 11 2 2 4 3 0.58 0.135 0.081 1.7 1.3

*Variance of an estimate of probability p based on n(= 3) trials. The expected variance 
(according to the binomial model) is p (1 — p )/n, while the actual variance is the variance between 
the p ’s obtained from the individual judges. The expected variance for each set of trials has to be 
estimated using p, the proportion of correct responses from all the judges in that set, and based on 
the binomial assumption of equal and independent chance of success.

m a d e  (103 in  M a rc h -M a y , 120 in  J u n e - J u ly  a n d  57 in  O c to b e r)  b u t  fo r  o n ly  252 
w a s  it  p o ss ib le  fo r  u s  to  id en tify  th e  in d iv id u a l assessors. T h e re  is th e re fo re  a 
sm a ll d is c re p a n c y  b e tw e e n  th e  p ro p o r tio n  g iven  ab o v e  a n d  th o se  a t th e  fo o t  o f  
T a b le  2 . T h u s  a l th o u g h  H u m e  etal. (1972) c o n ta in s  a  la rge  a m o u n t o f  d a ta ,  th e  
c o n s ta n tly  ch a n g in g  p a n e l m ak es  it d ifficu lt to  m ak e  p ro p e rly  valid  te s ts  o f  th e  
v a r ia n c e s . I t  is p o ss ib le  to  e x tra c t six se ts  e a ch  o f  th re e  tria ls  c a rr ie d  o u t a t th e  
s a m e  tim e  w ith  th e  sam e  p a n e l, a n d  th e  re su lts  a re  show n in T ab le  3. F o r  all b u t 
o n e  o f  th e  se ts , th e  a c tu a l v a r ia n ce  is sligh tly  g re a te r  th a n  w ou ld  b e  ex p e c te d  
u n d e r  th e  b in o m ia l a ssu m p tio n .

W h e n  th e  ju d g e s  h av e  n o t  all ta k e n  p a r t  in  th e  sam e n u m b e r o f  te s ts , th e  
e x p e c te d  v a r ia n c e s  fo r  e a ch  ju d g e  will d e p e n d  o n  his n u m b e r o f  tests . I t  m ay  b e  
re a s o n a b le  to  c o n s id e r  th e  re su lts  fo r  a g ro u p  o f  ju d g es  w ith  d iffe re n t n to  be  
fro m  a  m ix tu re  o f  p o p u la tio n s , so  th a t  th e  e x p e c te d  v a ria n ce  is th e  m e a n  o f  th e  
in d iv id u a l v a r ia n c e s . A s  an  e s tim a te  o f  th e  c o m b in ed  p ro b a b ility , th e  w e ig h ted  
m e a n  o f  th e  in d iv id u a l ju d g e ’s p ro b a b ilitie s  h as  b e e n  u sed . T his id ea  m ay  b e  
a p p lie d  firstly  to  all th e  c o m b in e d  re su lts , ig n o rin g  th o se  w h e re  th e  ju d g e  co u ld  
n o t  b e  id e n tif ie d , a n d  th e n , s ince th e  sea so n  a p p e a rs  to  h av e  m ad e  a d iffe ren c e  
to  d is c r im in a tio n , sp rin g , su m m e r a n d  a u tu m n  re su lts  a re  tre a te d  se p a ra te ly  
(T a b le  4 ). F o r  th e  p o o le d  d a ta ,  a n d  fo r  th e  su m m er an d  a u tu m n  d a ta ,  th e  a c tu a l 
v a r ia n c e  is g re a te r  th a n  th e  th e o re tic a l v a r ia n c e , b u t  fo r th e  M a rc h -M a y  d a ta  
th e y  a re  re v e rs e d , th o u g h  n o t  v e ry  d iffe ren t. I t  m ay  p e rh a p s  b e  th a t  as 
d is c r im in a tio n  w as e a s ie r  w ith  sp rin g -c au g h t fish (H u m e  et al., 1972, p . 31 , say 
th a t  th e  flav o u rs  o f  w ild  s to ck s  a re  k n o w n  to  v ary  sea so n a lly ; p e rh a p s  th is  d o es  
n o t  ap p ly  to  fa rm e d  fish) th e re  is less o f  a  ra n d o m  e le m e n t in  se lec tio n  o f  th e  o d d  
sa m p le .

F o r  th o s e  se ts  in  T a b le s  3 a n d  4 fo r  w hich  th e  ac tu a l v a rian ce  w as g re a te r  th a n

v m é r u v n ï u
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T able 4. Actual and expected variances obtained for data at different seasons

Estimated

Set

No. of
assessors
(m)

No. of 
‘tastings’ p

Actual
variance

Expected
variance

values

a ¡3

All data 30 252 0.52 0.089 0.063 9.3 8.4
March-May 18 101 0.58 0.078 0.090 —  —

June-July 21 99 0.44 0.085 0.062 6.1 7.8
October 14 52 0.54 0.144 0.078 0.9 0.8

th e  e x p e c te d , e s tim a te s  w e re  o b ta in e d  o f  a  a n d  (3 by  m ax im iz ing  th e  log- 
l ik e l ih o o d  fu n c tio n  u s in g  th e  m e th o d  o f  s im p lex  o p tim iz a tio n  (N e ld e r  &  M e a d , 
1965). T h is  m e th o d  w as c o n s id e re d  m o re  a p p ro p r ia te  to  u se  th a n  th e  o n es  in  
S k e lla m  (19 4 8 ), C h a tf ie ld  a n d  G o o d h a rd t  (1970) o r  W ie re n g a  (1974) b e c a u se  o f  
th e  d iffe r in g  n u m b e rs  o f  tria ls  fo r  e a c h  asse sso r a n d  th e  sm alle r n u m b e r  o f  
a sse sso rs . T h e  p re s e n c e  o f  a  d a sh  in s te a d  o f  a  va lu e  in d ica te s  a se t fo r  w h ich  th e  
a c tu a l  v a r ia n c e  w as n o t  g re a te r  th a n  ex p e c te d . T h e  re la tio n  b e tw e e n  th e  va lu es  
o f  a  a n d  (3 d e p e n d s  o n ly  o n  th e  e s tim a te d  v a lu e  o f  p , as th e  m e a n  o f  th e  b e ta  
d is t r ib u tio n  w ith  p a ra m e te rs  a  a n d  ¡3 is a/(a  +  [3). A p a r t  fro m  th a t  
c o n s id e ra t io n , low  v a lu es  o f  a  a n d  f3 c o rre sp o n d  to  h igh  v a rian ces , as can  b e  
s e e n  b y  c o n s id e r in g  T a b le s  3 a n d  4 , w hile  h igh  v a lu es  o f  a  a n d  ¡3 in d ica te  se ts  
w h o se  v a r ia n c e s  a re  q u ite  c lo se  to  th o se  w hich  w o u ld  b e  e x p e c te d  u n d e r  th e  
b in o m ia l  m o d e l.

T h u s  ju d g e s  p ro b a b ly  d iffe r in  th e ir  ab ility  to  d is tin g u ish  fa rm e d  p la ice  fro m  
fe ra l  p la ic e , b u t  it is d ifficu lt to  in te rp re t  th is  in  te rm s  o f  a h ig h e r th a n  ex p e c te d  
v a r ia n c e , p o ss ib ly  b e c a u se  o f  ir re g u la r  a t te n d a n c e  a t ta s tin g  sessions. T h e  
o v e ra ll  re s u lt ,  o b ta in e d  by  d iv id ing  th e  to ta l  n u m b e r  o f  successes by  th e  n u m b e r  
o f  tr ia ls ,  is a b ia se d  e s tim a te  in  th e  sen se  th a t  it is m o re  in flu en ced  by  f re q u e n t 
a t te n d e r s ,  w h o  m ay  o r  m ay  n o t  b e  th e  m o s t d isc rim in a tin g . T h e  e x p e c te d  
v a r ia n c e  is a lso  c lea rly  sim ilarly  a ffec te d .

I t  is s ta n d a rd  p ra c tic e  (A m e rin e , P a n g b o rn  &  R o e ss le r , 1965) in  th e  sen so ry  
a s se ssm e n t o f  fo o d  q u a lity , to  c h o o se  th e  m o st co n sis ten tly  d isc rim in a tin g  
s u b je c ts  as m e m b e rs  o f  ta s te  p an e ls  as fa r  as p rac tica lly  ava ilab le . T h e  p ro b le m  
is th a t ,  in  su ch  a n  ex ten s iv e  in v es tig a tio n  as th a t  q u o te d  h e re , th e  id e n tity  o f  th e  
m o s t  d isc rim in a tin g  m e m b e rs  is n o t  k n o w n  u n til  a f te r  th e  e v e n t. D iffe re n t 
c o n c lu s io n s  c o u ld  w ell h av e  b e e n  d ra w n  fro m  p an e ls  c o m p o sed  o f  d iffe re n t 
s u b je c ts  a n d  it is c le a r  th a t  m u ch  m o re  re m a in s  to  b e  d isco v ered  a b o u t d iffe ring  
se n s o ry  sen sitiv ity .

Possible interactions

T h is  tw o -fa c to r  e x te n s io n  o f  th e  trian g le  te s t  p e rm its  a n ew  in te rp re ta tio n  o f  o n e  
o f  th e  d ifficu lties  th a t  w o rk e rs  h av e  e x p e rie n c e d  in  its u se  -  its p ro p e n s ity  to
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in flu e n c e  b y  p sy ch o lo g ica l b ias. E a r ly  in its h is to ry , th e re  w e re  re p o rts  o f  re su lts  
b e in g  in flu e n c e d  by  th e  co d in g  o f  th e  o d d  sam p le , a n d  it is now  gen era lly  
a c c e p te d  (B .S .I . ,  1980) th a t  ca re  m u st be  ta k e n  to  inc lude  all po ssib le  
c o m b in a tio n s  o f  cod in g s in an  e x p e rim e n t, th o u g h  th is  is so m etim es  
in c o n v e n ie n t.  T h e  ex is ten c e  o f  a b ias  d u e  to  o th e r  fa c to rs , such  as w h e th e r  th e  
‘s t r o n g e r ’ o f  tw o  s tim u li to  b e  c o m p a re d  is m a d e  th e  o d d  sam p le  o r  th e  p a ir , has 
b e e n  r e p o r te d  (W a sse rm a n  &  T alley , 1969; G riffith s , 1979). W h a te v e r  th e  
o r ig in  o r  n a tu re  o f  su ch  b iases , th e y  can  b e  in te rp re te d  in th e  p re se n t co n te x t as 
in te ra c t io n s  in  th e  s ta tis tic a l sense . I f  w e co n s id e r th e  re su lts  o f  a n u m b e r o f  
tr ia n g le  te s ts  d o n e  w ith  m an y  assesso rs  all using  th e  sam e stim u li as b e in g  
a n a ly s a b le  b y  a tw o -fa c to r  ana lysis  o f  v a ria n ce  (an a lag o u s  to  th a t o f  C ro w d e r,
1978) w e  sh o u ld  h av e  a v a ria n ce  b e tw e e n  assesso rs, an d  o n e  w ith in . Id ea lly  th e  
v a r ia n c e  w ith in  asse sso rs  w o u ld  be  c o m p ara tiv e ly  c o n s ta n t a n d  th e  in te n tio n  o f  
th e  p re c e d in g  se c tio n  is basica lly  to  see  w h e th e r  th e  v a rian ce  b e tw e e n  assessors 
is g re a te r .  T h e  p u rp o s e  o f  th is p a ra g ra p h  is sim ply  to  p o in t o u t  th a t  in  th e  
p r e s e n t  in te rp re ta t io n  th e  re p o r te d  b iases  c o n s titu te  an  in te ra c tio n  te rm , in th a t 
th e y  r e n d e r  th e  c o n d itio n s  o f  th e  e x p e rim e n t in co n s tan t fro m  tria l to  tria l 
(A lth a m , 1978). A n o th e r  ty p e  o f  b ias , th a t  d o es  n o t fall in to  th is  ca teg o ry , m ay 
o c c u r  w h e n  a  p re fe re n c e  te s t is c o n d u c te d  co n c u rre n tly  w ith  th e  tr ia n g u la r  tes t. 
P e ry a m  (1958) re p o r ts  th a t  re sp o n se s  te n d  to  fa v o u r w h ich ev er o f  th e  tw o 
s tim u li  c o n s ti tu te d  th e  p a ir , b u t th e  ex is ten ce  o f  th e  p h e n o m e n o n  has b e e n  
q u e s t io n e d  b y  B a s k e r  (1977).

I t  is h o w e v e r  c le a r  th a t  a su ffic ien tly  la rg e  a n d  h o m o g en eo u s  b o d y  o f  d a ta ,  o n  
w h ic h  to  te s t  th e se  id eas  em p irica lly , is n o t av a ilab le . T h is  m ay  b e  b ec au se  th e  
t r ia n g le  te s t  is n o t p a r tic u la rly  a p p ro p r ia te  fo r  such  an  e x te n d e d  in v estig a tio n . 
In  p ra c tic e ,  th e  m e th o d  is o f te n  u sed  w ith  o n e  assesso r n tim es to  s tu d y  his ow n 
p e r fo rm a n c e  p e rh a p s  as p a r t  o f  a se lec tio n  p ro c e d u re , an d  w ith  n a ssesso rs o n ce  
to  s tu d y  p ro d u c t  d iffe ren c es . H o w e v e r , v a rio u s  co m b in a tio n s  o f  n ta s te rs  m 
t im e s , w ith  m v a ry in g  b e tw e e n  assesso rs , h av e  b e e n  re p o r te d  in th e  fo o d  science 
l i te r a tu r e ,  b u t  a lw ays o n  th e  a ssu m p tio n  o f  a b in o m ia l m o d el. B u t it m ay  a lso  b e  
th a t  w e  h a v e  n o t  fo u n d  a su itab le  se t o f  d a ta  b ec au se  its ex is ten ce  h as  n o t b e e n  
p u b lic iz e d . H o w e v e r  th e  ev id en ce  fro m  th e  o n e  large  se t o f  d a ta  th a t  w e h av e  
e x a m in e d  p o in ts  to  a  h ig h e r v a ria n ce  b e tw e e n  assessors u n d e r  c e rta in  co n d itio n s  
th a n  w o u ld  b e  e x p e c te d  if th e  b in o m ia l d is tr ib u tio n  held .

I t  sh o u ld  p e rh a p s  b e  em p h a s iz e d  th a t  th e  tw o -fac to r m o d el d iscussed  in th is 
p a p e r  is n o t  in te n d e d  to  re p la c e  th e  a c c e p te d  b in o m ia l o n e , b u t  to  in c lu d e  it in  a 
w id e r  a p p lic a tio n  o f  m o re  g e n e ra l in te re s t. T h e  in v es tig a to r w ho  has u sed  th e  
t r ia n g u la r  te s t  w o u ld  still b e  w ell-ad v ised  in itia lly  to  te s t th e  null h y p o th es is  o f  
n o  d isc r im in a tio n  u sin g  p u b lish ed  b in o m ia l tab les . If  th e  nu ll h y p o th es is  h a s  to  
b e  a c c e p te d , th a t  is an  e n d  o f  th e  m a tte r . (A n  ex am p le  is th a t o f  C u n n in g h am  & 
L illic h , 1975, w h e re , a f te r  c o rre c tio n  o f  th e  m isp rin t, n o  assesso r gives a 
s ig n if ican t re s u lt .)  W h e n  th e  null h y p o th es is  is re je c te d , h o w ev er, e i th e r  fo r 
so m e  o r  all a sse sso rs  -  a s itu a tio n  th a t  fre q u e n tly  arises to  ju d g e  by  th e  l i te ra tu re  
-  th e  tw o -fa c to r  m e th o d  m ig h t b e  e x p e c te d  to  h e lp  fu r th e r  in v estig a tio n . I t  will 
c le a r ly  b e  so m e  tim e  b e fo re  w e can  ex p e c t va lues o f  a an d  fi th a t h av e  any  
p a ra m e tr ic  sign ificance.
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Scoring methods used in the sensory analysis of foods 
and beverages at Long Ashton Research Station

A . A . W IL L IA M S

Summary

T h e  d e v e lo p m e n t o f  a scien tific  p ro g ra m m e  o f  re sea rc h  in to  senso ry  q u a lity  o f  
f ru its  a n d  b e v e ra g e s  a t L o n g  A sh to n  R esea rch  S ta tio n  h as  n ec ess ita ted  im ­
p ro v e m e n ts  in  th e  e v a lu a tio n  m e th o d s  u sed . I t  has n o t on ly  m e a n t th e  d e v e lo p ­
m e n t  o f  p re c ise ly  d e f in e d  v o ca b u la rie s  fo r d esc rib in g  p ro d u c ts  an d  m e th o d s  fo r 
o b ta in in g  d a ta  fro m  co n su m e rs , b u t  a lso  m ean s  o f  scoring  th e  in ten s ity  o f  
a t t r ib u te s .  T h is  p a p e r  d e sc rib e s  th e  v a rio u s sco ring  m e th o d s  u sed  a t L o n g  
A s h to n ,  ra n g in g  fro m  n o m in a l to  in te rv a l an d  ra tio , an d  th e ir  ap p licab ility  to  
p a r t ic u la r  p ro b le m s .

Introduction

S in c e  th e  fo u n d a tio n  o f  L o n g  A s h to n  R e se a rc h  S ta tio n  in 1903, th e  F o o d  an d  
B e v e ra g e s  D iv is io n  (u n til re cen tly  k n o w n  as th e  C id e r an d  F ru it Ju ices  S ection  
a n d  H o m e  F o o d  P re se rv a tio n  S ec tio n ) has b e e n  closely  c o n c e rn e d  w ith  th e  
p ro d u c t io n ,  u ti liz a tio n  a n d  analysis o f  fru its , fru it ju ice  p ro d u c ts  an d  th e ir  
f e rm e n te d  b e v e ra g e s . O v e r  re c e n t y ea rs , as th e  ch an g e  in  n am e  im p lies , th e  
p ro d u c ts  e x a m in e d  h av e  in c re a sed  to  co v e r a m u ch  w id e r sp ec tru m  o f  foo d s. 
W ith  all p ro d u c ts  d e s tin e d  fo r  c o n su m p tio n , th e  on ly  w ay to  ju d g e  th e ir  success 
o r  fa ilu re  is to  h a v e  th e m  e x a m in e d  by h u m a n  assessors. A s a co n se q u en ce , 
s e n s o ry  a sse ssm e n t h as  a lw ays p lay ed  an  im p o rta n t p a r t  in th e  D iv is io n ’s 
re s e a rc h  p ro g ra m m e s . V a rio u s  a p p ro a c h e s  h av e  b e e n  u sed  o v e r th e  p a s t 20 
y e a rs , th a t  c h o se n  fo r  a p a r tic u la r  ex e rc ise  d e p e n d in g  on  th e  s ta te  o f  kn o w led g e  
a t  th e  t im e , th e  ty p e  o f  in fo rm a tio n  re q u ire d  an d  th e  d e g re e  o f  so p h is tic a tio n  
g iv en  in  tra in in g  p an e lis ts .

P r io r  to  1970, s e n so ry  asse ssm e n t o f  a  p ro d u c t a t L o n g  A sh to n  R esea rch  
S ta t io n  w as p e r fo rm e d  large ly  by  d iscussion  b e tw e en  six to  ten  ex p e rts  w ho  
re c o rd e d  th e ir  jo in t  o p in io n . A  ty p ica l asse ssm en t o f  a c id e r is show n  in F ig. 1.

Author’s address: Food and Beverages Division, Long Ashton Research Station, Bristol,
BS18 9AF.
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Code
No.

Bottle
No. Identity Aroma Flavour

XII/4A/66 43 Stenbridge
Jersey.
Normal

Golden,
pleasant.
Generally
mild

Fruity,
pleasant,
appley.
Reasonable
bitter
aftertaste

bittersweet

Figure 1. Assessment of ciders at Long Ashton Research Station, before 1970.

A lth o u g h  all p e o p le  p re s e n t  h a d  a  ch an ce  to  vo ice th e ir  o p in io n , th e  re c o rd  
g e n e ra lly  re fle c te d  th e  o p in io n  o f  th e  m o s t d o m in a n t m e m b ers  o f  th e  p a n e l. 
S c o rin g  a n d  th e  u se  o f  sca les fo rm e d  a m in im al p a r t  o f  th e  p ro c e d u re s .

S u c h  a p p ro a c h e s  w e re  in co m p a tib le  w ith  e x p a n d in g  in te re s t in  defin ing  th e  
m e a n in g  o f  se n so ry  q u a lity  in  p ro d u c ts  a n d  w ith  a tte m p ts  to  u n d e rs ta n d  th e  vast 
a m o u n t  o f  a n a ly tic a l d a ta  w h ich  w as b eco m in g  av a ilab le  th ro u g h  th e  u se  o f  such  
te c h n iq u e s  as gas c h ro m a to g ra p h y , gas c h ro m a to g rap h y -m a ss  sp e c tro m e try  
a n d , m o re  re c e n tly , h igh  p e rfo rm a n c e  liqu id  ch ro m a to g ra p h y  (W illiam s, 1974). 
A  m o re  p re c ise  d e f in itio n  o f  th e  a ttr ib u te s  p re se n t in a p ro d u c t w as n e e d e d , 
to g e th e r  w ith  so m e  m e a n s  o f  m easu rin g  th e ir  m ag n itu d e  a n d  ac cep tab ility . T h e  
firs t re q u ir e m e n t  led  to  th e  co m p ila tio n  o f  p rec ise ly  defin ed  v o ca b u la rie s  fo r  
p a r t ic u la r  p ro d u c ts  (W illiam s, 1975; W illiam s &  C a r te r , 1977), an d  th e  th ird  to  
in v o lv e m e n t in  m e a su r in g  c o n su m e r a c cep tan c e . T h is  p a p e r  d ea ls  w ith  th e  
d e v e lo p m e n t  o f  th e  a c co m p an y in g  sco rin g  aspects .

Scoring methods

S te v e n s  (1960) d is tin g u ish ed  fo u r  b asic  ty p es  o f  sco rin g  system s -  n o m in a l, 
o rd in a l ,  in te rv a l a n d  ra tio ;  v irtu a lly  all ty p es  h av e  b e e n  u sed  a t L o n g  A s h to n  
o v e r  th e  p a s t  10 y ea rs .

Nominal and ordinal scales

O n c e  a  v o c a b u la ry  h a d  b e e n  d e v e lo p e d , th e  d iscussion  system  w as im p ro v ed  
b y  a sk in g  p e o p le  m ere ly  to  sco re  p re se n c e  o r  ab se n ce  o f  th e  a t tr ib u te ,  u sing  a 
q u e s t io n n a ire  o f  th e  fo rm a t sh o w n  in  F ig . 2.

T h e  o rd e r  o f  th e  a t tr ib u te s  is o f  n o  re le v an ce  fro m  th e  p o in t o f  view  o f  sco ring  
a n d ,  a l th o u g h  n o  a c tu a l n u m b e rs  a re  u se d , it is an a lo g o u s  to  th e  n o m in a l sca le  o f  
S te v e n s . T h is  p ro c e d u re  p ro v e d  v ery  u sefu l in  tra in in g  a n d  fo r  e x tra c tin g  
d e sc r ip tiv e  c o m m e n ts  f ro m  la rg e  u n tra in e d  c o n su m e r p o p u la tio n s .

S co rin g  sy s tem s o f  th is  n a tu re  h av e  a lso  b e e n  u sed  w ith  tra in e d  p an e lis ts . B y 
h a v in g  se v e ra l a t tr ib u te s  w h ich  p ossess an  u n d erly in g  co n tin u u m  b u t a re  
im p o ss ib le  to  d e f in e  m o re  p rec ise ly , th ey  a p p ro a c h  th e  o rd in a l- ty p e  sca le . A n
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Please indicate which of the following 
adjectives are appropriate to describe 
the following samples:

Fruity
Fuselly
Phenolic
Sulphurous

Sample No.

Figure 2. Score sheet for assessing presence or absence of attribute in cider.

e x a m p le  is th a t  u se d  fo r  d esc rib in g  c o lo u r in c iders  (F ig . 3). R a n k in g  a series o f 
p ro d u c ts  w ith  re s p e c t  to  th e  a m o u n t o f  a p a r tic u la r  a ttr ib u te  also  gives m o re  
in fo rm a tio n  th a n  sim p ly  sco rin g  th e  p re se n c e  o r  ab se n ce  o f  an  a ttr ib u te .

Please tick the appropriate box

green

straw

pink

Figure 3. Cider colour assessment.

Interval scales

R a n k in g  o f  sa m p le s  re q u ire s  all sam p les , o n  w hich  o n e  w an ts  in fo rm a tio n , to  
b e  p re s e n t  a t  th e  sa m e  tim e  a n d , o f  co u rse , gives little  in d ica tio n  o f  th e  
m a g n itu d e  o f  th e  d iffe ren c e  b e tw e e n  sam p les . T o  g e t e s tim a tes  o f  re la tiv e  
a m o u n ts  o f  a t t r ib u te s  in  ea ch  p ro d u c t,  it is e ssen tia l to  re so r t  to  m ag n itu d e  o r  
in te rv a l  sca lin g , e i th e r  u sin g  a se rie s  o f  n u m b ers  to  in d ica te  m ag n itu d e  o r  a line 
a g a in s t  w h ich  to  m e a su re  an  a t t r ib u te ’s in ten s ity . In  such  cases it is u sual to  fix 
th e  e n d s  o f  th e  sca le  w ith  a p p ro p r ia te  d esc rip tio n s  an d  in s tru c t p an e lis ts  th a t 
e q u a l  in te rv a ls  on  th e  sca le  re p re s e n t  eq u a l in c re m en ts  o f  in ten s ity  o f  th e  
a t t r ib u te .  E x a m p le s  o f  su ch  sca les u sed  a t L o n g  A sh to n  a re  illu s tra te d  in  Figs 4 
a n d  5. In  th e s e ,  th e  en d s  o f  th e  sca les a re  fixed b y  a c o m p le te  a b se n ce  o f  th e
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Jam No.

Please taste jams in order shown. Assess 
each one for ‘fruitness’ by taste only, 
marking how far along the line you rate it

Very 
fruity [

Not 
1 fruity

Jam No.

Not Very
, fruity fruity j

Jam No.

Not Very
, fruity fruity (

Figure 4. Line scale for assessing intensity of fruitiness in jam.

0 = No crispness
1 
2
3
4
5 = Very crisp

Figure 5. Early scale for assessing crispness in apples.

a t t r ib u te  a n d  ‘v e ry  f ru ity ’ o r  ‘very  c r isp ’. A n  a lte rn a tiv e  p h ra se  fo r se ttin g  th e  
u p p e r  e n d  o f  th e  sca le  is th e  m ax im u m  a m o u n t o f  th e  a ttr ib u te  th e  p an e lis t has 
e v e r  e x p e r ie n c e d .

Ratio scales

In  a n o th e r  v a r ia t io n , ra tio  sca ling , th e  n u m b e rs  u sed  o r  len g th  o f  a sca le  can  
b e  le f t to  th e  in d iv id u a l. P an e lis ts  ch o o se  an  a rb itra ry  p o in t o n  a m e n ia l scale 
a n d  g ive  it a  n u m b e r  fo r  th e  first sam p le  assessed . R em a in in g  sam p les  a re  th en  
a sse sse d  w ith  re sp e c t to  th is  sam p le . F o r  e x a m p le , if o n e  is sco rin g  ‘ap p le y n e ss ’ 
in  c id e r  a n d  g ives th is  a t tr ib u te  a  sco re  o f  50 in th e  first c id e r , th e  sec o n d  c id e r 
w ill re c e iv e  a  sco re  o f  100 if it is fo u n d  to  b e  tw ice as ‘a p p le y ’. W ith  ex p e rien ce d  
p a n e lis ts ,  b e c a u se  th e y  a re  aw are  o f  th e  ra n g e  o f  in ten s ity  an  a ttr ib u te  can  
p o sse ss , r a t io  sca lin g  h as  n o t sh o w n  any  a d v a n ta g e  o v e r sim p le  in te rv a l scales. 
H o w e v e r ,  th is  is n o t  so in  d ea lin g  w ith  th e  co n su m er w h o  h as  n o  such  p re c o n ­
c e iv e d  id eas  b e fo re  s ta r tin g  an  asse ssm en t (see p . 172).
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Assessing against a standard

M e a s u re m e n t  o f  d iffe re n c e  o r  s im ila rities , e i th e r  b e tw e e n  tw o  sam p les  o r  
b e tw e e n  th e  sa m p le  a n d  s ta n d a rd , e i th e r  m e n ta l, d efin ed  v e rb a lly  o r  b y  
c h e m ic a l o r  p h y sica l m e a n s , using  in te rv a l scales s im ila r to  th o se  d iscussed  
a b o v e , h a v e  a lso  b e e n  u se d  (W illiam s, C a r te r  &  L a n g ro n , 1979). E x a m p le s  a re  
g iv en  in  F igs 6 a n d  7.

0 = No similarity
1 
2
3
4
5 = Identical

Figure 6. Scale used for assessing similarity of wine descriptions.

NAME ................................  DATE ...................

SESSION NO......................  G R O U P.................

Please taste sample . . .  first

Bitterness Astringency

Sample . . .  has

Much more

Slightly more

The same

Slightly less

Much less

than sample

Please state if you find any other major taste difference:

Figure 7. Assessment sheet for evaluating bitterness and astringency in ciders.
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T h e  u se  o f  an y  sca le , h o w e v e r, d e p e n d s  very  m u ch  o n  th e  m ean in g  a tta c h e d  
to  th e  e n d s  a n d , o f  c o u rse , sensitiv ity  to  a p a r tic u la r  a t tr ib u te . T h is  obv iously  
c a n  p ro d u c e  c o n s id e ra b le  v a r ia tio n  b e tw e e n  ta s te rs . E x p e rie n c e  a t L o n g  
A s h to n  h as  sh o w n  th a t  g re a te r  co n sis ten cy  is o b ta in e d  w h en  m easu rin g  th e  
d if fe re n c e  b e tw e e n  sco re s  g iven  to  tw o  se ts  o f  sam p les  th a n  in th a t  g iven to  o n e  
sa m p le  (W illiam s, 1978). In  sen so ry  p ro filing  o f  c id e r  a c o n tro l is in tro d u c e d , 
w h ic h  is a sse sse d  a lo n g  w ith  th e  sam p le . T h e  e x p e rim e n ta l c id e r  can  th e n  be 
e v a lu a te d  as a d iffe re n c e  fro m  th e  c o n tro l o r  as an  a b so lu te  sco re  by  ad d in g  th is  
d if fe re n c e  to  a  p re d e te rm in e d  sco re  fo r  th e  c o n tro l.

A sse s sm e n t w ith  a s ta n d a rd  w hich  can  b e  g iven a p re -e s ta b lish e d  sco re  is 
p re fe r r e d .  T h is  is p o ss ib le  in th e  case o f  so m e  b ev e rag e s , b u t w ith  o th e r  fo o d  
p ro d u c ts ,  e .g . a p p le s , it is less easy . T h e  use  o f  s ta n d a rd s  d iffe re n t fro m  th e  
p ro d u c t  b e in g  a sse sse d , such  as « -b u ta n o l  as an  o d o u r  in ten s ity  s ta n d a rd  as 
a d v o c a te d  by  D ra v n ie k s  (1977) m ay  w ell p ro v e  o f  use  in th is  co n tex t b u t  h as  n o t 
b e e n  in v e s tig a te d .

E v a lu a tio n s  o f  c id e r  h av e  b e e n  c o n d u c te d  in  w h ich  th e  p an e lis ts  w e re  g iven  
s c o re s  fo r  a c o n tro l b e fo re  th ey  co m m en c ed  assessm en t o f  th e  u n k n o w n . D iffi­
c u ltie s  a ro s e ,  h o w e v e r , as p e o p le  d o  n o t h av e  th e  sam e sensitiv ities to  d iffe re n t 
a t t r ib u te s .  T h e  m e a n  sco re  fo r  a p a r tic u la r  a ttr ib u te  in th e  c o n tro l m ay  still b e  
b e lo w  a  g iven  p a n e lis t ’s th re sh o ld . I f  h e  o r  sh e  c a n n o t d e te c t th is a ttr ib u te  in  th e  
u n k n o w n , th e re  is a q u a n d a ry  as to  h o w  it sh o u ld  b e  sco red . S h o u ld  th e  a ttr ib u te  
in  th e  u n k n o w n  b e  g iven  a sco re  e q u a l to  o r  lo w er th a n  th e  c o n tro l in w hich  it 
a lso  c o u ld  n o t  b e  d e te c te d ?  In  co n se q u e n c e , th e  ch o ice  o f  sco res g iven  to  th e  
c o n tro l  is n o w  le f t to  th e  d ec is io n  o f  th e  in d iv id u a l, b u t in th e  sta tis tica l analysis 
a t te n t io n  is o n ly  p a id  to  th e  d iffe ren c e .

E v e n  w h e n  h av in g  tw o  sam p les , a n d  p a rtic u la rly  w h en  assessing o n e  sam p le  
in  iso la tio n , p a n e lis ts  in  g e n e ra l a re  n o t h ap p y  in using  scales m ere ly  w ith  
d e f in e d  e n d s ; th e y  p re fe r  to  h av e  v e rb a l cues as w ell, to  assist in th e  in ­
te r p r e ta t io n  o f  in te rm e d ia te  p o in ts . W e h av e  re v e rte d  to  a cross b e tw e en  a 
c a te g o ry  sca le  a n d  p u re  m a g n itu d e  e s tim a tio n . T h e  sca le  can  b e  v iew ed e i th e r  as 
a n  o rd in a l-c a te g o ry  sca le  w ith  th e  c a te g o rie s  ch o sen  to  b e  eq u a l in te rv a ls  o f  
m a g n itu d e  a p a r t  o r , a lte rn a tiv e ly , as an  in te rv a l sca le  w ith  gu id e lin es  as to  th e  
in te rp re ta t io n  o f  p o in ts . E x a m p le s  fo r  c id e r  an d  ap p les  a re  g iven in F igs 8 a n d  9 
w h e re  a  s ix -p o in t sca le  h as  p ro v e d  a d e q u a te  fo r  m o st o b je c tiv e  assessm en ts . 
A f te r  lo n g  e x p e r ie n c e  p an e lis ts  b e c o m e  m o re  d isc rim in a tin g , an d  h a lf  p o in ts  
h a v e  b e e n  in tro d u c e d  e x te n d in g  sca les to  e lev en  p o in ts .

0 = No odour
1 = Very weak odour
2 = Weak odour
3 = Moderate odour
4 = Strong odour
5 = Very stong odour

Figure 8. Scale for assessing intensity of odour characters in cider.



S en so ry  scoring  m e th o d s 169

0 = Like ripe bananas/strawberries
1 = Like cooked carrots
2 = Like peeled cucumber
3 = Like unpeeled fresh cucumber
4 = Like raw green cabbage
5 = Like celery

Figure 9. Verbal cues for interpreting crispness scale when assessing apples.

Assessment o f hedonic data

A s s e s s m e n t o f  h e d o n ic  in fo rm a tio n  is less am en a b le  to  in te rv a l sco rin g  th a n  
o b je c tiv e  d a ta .  T o  say  so m e th in g  is tw ice  as p le a sa n t as so m e th in g  else  h as  little  
m e a n in g . A t  L o n g  A s h to n , h o w e v e r, th e  sam e so rt o f  sca les h av e  b e e n  u se d  fo r  
h e d o n ic  a sse ssm e n ts  as fo r  o b je c tiv e  a ssessm en ts , b u t in h e re n tly  th ey  m u s t be  
m o re  o rd in a l  th a n  in te rv a l in  n a tu re : F ig . 10 illu s tra te s  a  typ ica l te n -p o in t 
h e d o n ic  sca le . T h is  sca le  d iffe rs  b o th  in  len g th  a n d  c o n s titu tio n  from  th e  m o re  
c o n v e n tio n a l  n in e -p o in t  h e d o n ic  sca le  (P e ry am , 1964), in  o rd e r  to  in c re a se  
d is c r im in a tio n  o v e r  th e  a c cep tab ility  p o in t a n d  p ositive  asp ec ts  o f  q u a lity  (th e  
q u a li ty  ra n g e  in  w h ich  m o re  o f  th e  p ro d u c ts  e x a m in e d  fa ll). F e w e r su bd iv isions 
a re  c o n s id e re d  n e c e ssa ry  fo r  n eg a tiv e  q u a lity , as p e o p le  seem  to  b e  m u ch  less 
d is c r im in a tin g  w h e n  ju d g in g  u n a c c e p ta b le  p ro d u c ts .

1 = Very bad (most unacceptable)
2 = Bad
3 = Poor (unacceptable)
4 = Poor (just unacceptable)
5 = Indifferent (just acceptable)
6 = Fair
7 = Pleasant
8 = Good
9 = Very good 

10 = Excellent

Figure 10. Ten-point hedonic scale.

A lth o u g h  p e o p le  can  b e  tra in e d  to  assess o b jec tiv e ly , th ey  n e e d  n o t n ec es­
sa r ily  a g re e  w ith  re sp e c t to  th e  ac cep tab ility  o f  th e  p ro d u c ts . R e lia b le  h e d o n ic  
in fo rm a tio n  can  o n ly  b e  o b ta in e d  b y  ex am in in g  sta tis tica lly  valid  sam ples  o f  th e  
p o p u la t io n s  w h o se  o p in io n  is to  b e  d e te rm in e d . T h is , in  g e n e ra l, m ean s  e lic iting  
re s p o n se s  fro m  th e  p u b lic  w h o  a re  n o t  tra in e d  in sen so ry  assessm en t a n d  w h o , 
u n le ss  o n e  is p re p a re d  to  sp e n d  a g re a t d ea l o f  tim e , c a n n o t assess a p ro d u c t 
o b je c tiv e ly  in  th e  sam e  w ay  as a tra in e d  p a n e l. In  th e  first in s tan ce  co n su m ers  
h a v e  d ifficu lty  in  d esc rib in g  m an y  flav o u r sen sa tio n s  a d e q u a te ly  so th a t  th e  
in te rv ie w e r  is u n c e r ta in  w h a t th e y  a re  ta lk in g  a b o u t, a n d  ev en  w ith  a ttr ib u te s  
th e y  ca n  c o m p re h e n d  a n d  a b o u t w h ich  th e y  can  c o m m u n ica te , th e ir  in te rn a l 
s ta n d a r d  is b a s ica lly  w h a t th e y  lik e  an d  it is ag a in st th is  th a t  th ey  assess. In  a

12
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m o n a d ic  s i tu a tio n  th e y  can  th e re fo re  on ly  b e  ask e d  to  sco re  re la tiv e ly  to  th is  
id e a l ,  u s in g  a  o n e -e n d e d  sca le  fo r  g e n e ra l a ttr ib u te s  such  as o v era ll accep tab ility  
o r  th e  a c c e p ta b ili ty  o f  a  p a r tic u la r  g en e ra l c h a ra c te r  such  as a p p e a ra n c e , flavour 
a n d  te x tu re  (F ig . 11), o r  a  tw o -e n d e d  sca le  w h en  so m eth in g  m o re  specific is 
b e in g  asse sse d  (F ig . 12) a n d  p a r tic ip a n ts  can  b e  ask e d  to  re la te  th e  levels o f  an  
o b je c tiv e  a t t r ib u te  to  a c c e p ta n c e . A g a in , as can  b e  see n  from  th ese  ex am p le s , 
v e rb a l  c u e s  to  assist p a r tic ip a n ts  a re  p re fe r re d  to  sca les w ith  m ere ly  th e  en d s  
fixed .

Is the flavour of this apple:

(1) Unacceptable to me

(2) Indifferent to me

(3) Fair to me

(4) Desirable to me

(5) Very desirable to me

Figure 11. Example of one-ended scale for assessing general sensory characters.

Is the apple:

Much too sharp for me 

Somewhat too sharp for me 

About the right sharpness for me 

Not quite sharp enough for me 

Nothing like sharp enough for me

Figure 12. Examples of two-ended scale for assessing specific sensory characters

W ith  c h ild re n , v isual cues as o p p o se d  to  v e rb a l cues have ob v io u s a d v a n ­
ta g e s  (F ig . 13) p ro v id e d  th e y  m ark  th e ir  re a c tio n  to  th e  p ro d u c t ra th e r  th a n  to  
th e  face  th e y  like .

Influence of scales used on results obtained

A s  w ell as p e o p le  h av in g  d iffe re n t c r ite r ia  fo r m ak in g  ju d g e m e n ts , th ese  
c r i te r ia  ca n  b e  in flu en c ed  by  th e  s ta te  o f  m in d  o f  th e  in d iv id u a l a t th e  tim e  o f
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Figure 13. Smiling face scale.

m a k in g  th e  ju d g e m e n t.  T h is  in  tu rn  can  b e  in flu en ced  by  th e  ad jec tiv e s  an d  
p h ra s e s  u se d  to  d e te rm in e  th e  e n d s  o f  th e  scales.

T h re e  se ts  o f  sca les  fo r  th e  o p p o s in g  te rm s , ‘ro u g h n e ss ’ a n d  ‘sm o o th n e ss ’ a re  
la id  o u t  in  F ig . 14. Ig n o rin g  p sycho log ica l p ro b lem s asso c ia ted  w ith  rev e rs in g  a 
sc a le , o n e  w o u ld  e x p e c t, if  p e o p le  w e re  in te rp re tin g  th e  scales co rrec tly , th a t  th e  
tw o  sca le s  o n  th e  to p  o f  th e  figure w o u ld  a d d  u p  to  th e  b o tto m  o n e . If  a u se r  is 
sa tis f ie d  w ith  p u tt in g  o n e  p o in t to  m a rk  th e  p o sitio n  o f  a  p ro d u c t o n  th e  low er 
‘s m o o th n e s s /ro u g h n e s s ’ sca le  h e  o r  she  sh o u ld  sco re  p ositive  o n  on ly  o n e  o f  th e  
o th e r  sca le s . In e v ita b ly  p ro d u c ts  a re  sco red  as hav ing  b o th  ‘ro u g h n e ss ’ a n d  
‘s m o o th n e s s ’. W h a t is h a p p e n in g  is th a t  c r ite r ia  (if  th a t is th e  rig h t w o rd ) a re  
c h a n g in g . In  ca se  1, th e  p a r tic ip a n t is d ire c te d  to  ro u g h  asp ec ts  in th e  p ro d u c t 
a n d  h e n c e  h is o r  h e r  z e ro  p o in t is lo w ered  w ith  re sp e c t to  th e  c e n tre  ze ro  in th e  
b o t to m  sca le . In  case  2, em p h asis  is d ire c te d  to w ard s  sm o o th  asp ec ts  an d  
th e  z e ro  a g a in  lo w e re d . H e n c e  o n e  p ro d u c t a p p e a rs  to  h ave  b o th  ro u g h  an d  
s m o o th  c h a ra c te rs  s im u ltan e o u s ly . S im ilar exerc ises can  be  p e rfo rm e d  w ith

No
roughness Extremely rough
<__ I__________________________________________I

No smoothness Extremely smooth
i---------------------------------------------------------------------1

Extremely smooth Extremely rough
_______  i

Figure 14. Unidirectional and bidirectional scales for roughness and smoothness.
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‘p le a s a n tn e s s ’ a n d  ‘u n p le a sa n tn e s s ’, th e  p ro d u c t b e in g  b o th  p le a sa n t an d  
u n p le a s a n t  d e p e n d in g  on  th e  s ta te  o f  m in d  a t th e  tim e  o f th e  assessm en t.

Obtaining objective data from the consumer

O b je c tiv e  sca le d  in fo rm a tio n  can  b e  o b ta in e d  fro m  th e  co n su m er, b u t it is 
e s s e n tia l  to  p re s e n t  th e m  w ith  a se rie s  o f  sam p les  to  c o m p a re , b ec au se  such 
p o p u la t io n s  h av e  lim ited  k n o w led g e  o f  sca ling  p ro c e d u re s  an d  vary  in  th e  ra n g e  
o f  s a m p le s  th e y  h av e  e x p e rie n c e d  p r io r  to  assessing  any  given sam p les . A lso , 
b e c a u s e  o f  th e ir  lim ited  e x p e rie n c e , ra tio  sca ling  as o p p o se d  to  in te rv a l sca ling  is 
p re fe r r e d .

E x p e r ie n c e  w ith  c o n su m e rs  using  ra tio  scales has show n  th a t th ey  can 
u n d e r s ta n d  th e  c o n c e p t read ily . W h e n  using  th is  te c h n iq u e  in  su rveys p ro s ­
p e c tiv e  p a r tic ip a n ts  w e re  in tro d u c e d  to  th e  co n c ep t o f  ra tio  sca ling  using  a 
t r a in in g  ex e rc ise  b a se d  o n  sh ap e s . T h ey  w e re  ask e d  to  give a n u m b e r to  th e  first 
o f  five sh a p e s  in d ic a tin g  its size. T h ey  th e n  ex a m in e d  th e  seco n d  a n d  gave  th is  a 
n u m b e r  in d ic a tin g  its size in re la tio n  to  th e  first, th e  exerc ise  b e in g  re p e a te d  fo r  
all five sh a p e s . H a v in g  c o m p le te d  th is  th ey  w e re  ask ed  to  give th e  n u m b e r  
c o r re s p o n d in g  to  th e  id ea l size o f  so m e specified  fo o d , such  as an  ap p le , as w ell 
as th e  n u m b e r  c o r re sp o n d in g  to  th e  la rg est ex am p le  th ey  h ad  ev e r com e across. 
T h e y  w o u ld  th e n  b e  a sk e d  to  u se  th e  sam e a p p ro a c h  to  assess five o r  so sam p les  
o f  th e  p ro d u c t  b e in g  te s te d , giv ing sco res  fo r  a ttr ib u te s  such  as re d n ess , in ten s ity  
o f  c o lo u r ,  sw ee tn ess  a n d  ac id ity , as well as fo r  th e  a m o u n ts  o f  th e se  a ttr ib u te s  in 
th e i r  id e a l p ro d u c t  an d  th e  m ax im um  a m o u n t o f  th e se  a ttr ib u te s  th ey  h ad  ev e r 
c o m e  ac ro ss  in  an y  s im ila r p ro d u c t.

Interpreting results from scored data

T h e  d a ta  o b ta in e d  fro m  any  sco rin g  system  m u st b e  su b je c te d  to  sta tis tica l 
an a ly s is . E x a m in a tio n  o f  p o p u la tio n  d is tr ib u tio n s  w ith in  each  ca teg o ry  an d  
e v a lu a tio n  o f  th e  s ign ificance o f  an y  d iffe ren c e  by co m p arin g  re su lts  w ith  
p ro b a b il i ty  ta b le s  is th e  u su a l a p p ro a c h  a d o p te d  fo r sim ple ca teg o ry  d a ta  
(R o e s s le r  et al., 1978). T h e  sign ificance o f  ra n k  d a ta  m ay  be  te s te d  by co m p arin g  
th e  r a n k  su m s fo r  e a c h  sam p le  w ith  ra n k  to ta l  ta b le s  o r  by  co m p arin g  th e  
d is tr ib u tio n  w ith  F ish e r  Z  d is tr ib u tio n  tab le s  (K e n d a ll, 1962; K a h an  et al., 
1973).

W ith  m o s t sc o re d  d a ta  in w hich  th e re  is an  u n d erly in g  co n tin u u m , h o w e v e r, 
o n e  m ay  u se  an  ana ly sis  o f  v a r ia n ce  c o u p led  w ith  F  tab les  to  d e te rm in e  th e  
s ig n ifican ce  o f  d iffe re n c e . U n iv a r ia te  te c h n iq u e s  a re  u sed  w h en  d ea lin g  w ith  o n e  
a t t r ib u te ,  b u t  m u ltiv a r ia te  a p p ro a c h e s  o f te n  p ro v id e  a m uch  c lea re r  p ic tu re  
w h e n  h a n d lin g  sev e ra l a ttr ib u te s . T e c h n iq u e s , such  as p rin c ip a l c o m p o n e n t, 
p r in c ip a l  c o -o rd in a te  a n d  d isc rim in an t analysis (C la p p e r to n  &  P ig g o tt, 1979; 
F r i j te r s ,  1976; P a n g b o rn , 1981; W illiam s, 1981; W illiam s et al., (in p re ss))  can  
a lso  b e  a p p lie d  to  d e te rm in e  u n d erly in g  d im en sio n s , b u t fo r d e te rm in a tio n  o f
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th e  s ig n ifican ce  o f  an y  d iffe ren c e  it is n ecessary  to  re so r t  to  m u ltiv a r ia te  analysis 
o f  v a r ia n c e  o r  ca n o n ic a l v a r ia te  analysis (V u a ta z , 1976/77). M u ltiv a ria te  
te c h n iq u e s ,  in  g e n e ra l,  allow  o n e  to  ex am in e  th e  sp a tia l d is trib u tio n  o f  sco res  
g iv en  to  a t t r ib u te s ,  se lec tin g  o r th o g o n a l axes th ro u g h  th is  sp ace  w h ich  satisfy  
c e r ta in  c r ite r ia ,  i .e . a c c o u n tin g  fo r  m ax im u m  v a ria tio n  in  th e  case  o f  p rin c ip a l 
c o m p o n e n t  o r  c o -o rd in a te  ana lysis , o r  m ax im u m  d iscrim in a tio n  in  th e  case  o f 
d is c r im in a n t o r  ca n o n ic a l v a r ia te  analysis. T h e  c o n tr ib u tio n  o f  th e  a ttr ib u te s  to  
th e  ax es se rv es  to  d e fin e  th e m . W h e n  d ea lin g  w ith  s itu a tio n s  w h en  sev era l n o t 
n e c e ssa rily  in d e p e n d e n t  a t tr ib u te s  a re  sco red , such  tech n iq u e s  e n a b le  o n e  to  
d is c o v e r  u n d e r ly in g  re la tio n sh ip s  w h ich  a re  o f te n  n o t read ily  a p p a re n t  from  
e x a m in in g  se v e ra l u n iv a r ia te  an a ly ses  o f  th e  sam e d a ta . T h e  fo llow ing  ex a m p le  
ta k e n  f ro m  a  c o n su m e r  su rv ey  o n  a p p le s , illu s tra te s  th e  ty p e  o f  in fo rm a tio n  
w h ic h  c a n  b e  o b ta in e d  by  th e  u se  o f  m u ltiv a r ia te  te ch n iq u e s  (W illiam s & 
L a n g ro n , u n p u b lish e d  d a ta ) .

Six a p p le s , fo u r  C o x ’s O ra n g e  P ip p in  an d  tw o  S u n ta n , each  g iven  a d iffe re n t 
c o m b in a tio n  o f  c o n tro lle d  a tm o s p h e re  (C A ) (1%  a n d  2 %  oxygen) an d  p o s t-C A  
s to ra g e  (11 a n d  17°C) w e re  e v a lu a te d  w ith  re sp ec t to  o v era ll accep tab ility  an d  
th e  a c c e p ta b ili ty  o f  th e ir  a p p e a ra n c e , a ro m a , flav o u r an d  te x tu re  as w ell as fo r 
th e  m o re  sp ec ific  a t tr ib u te s ,  sh a rp n e ss , sw ee tn ess , ju ic iness an d  crispness. 
P r in c ip a l c o m p o n e n t  ana lysis  o f  th e  m e a n  sco res  fo r  e a ch  a ttr ib u te  o v e r e a ch  se t 
o f  a p p le s  fo llo w ed  b y  p lo ttin g  th e  first th re e  p rin c ip a l c o m p o n e n t sco res  (th e  
su m  o f  w e ig h te d  sco re s  fo r  e a ch  a t tr ib u te  fo r  each  ap p le  se t) sh o w ed  u n d erly in g  
c o n t in u a  w h ich  d is tin g u ish ed  th e  ap p les . F ig u re  15, show ing  th e  p lo t o f  th e  first 
tw o  p r in c ip a l c o m p o n e n t sco res , typifies th e  in fo rm a tio n  o b ta in e d . V isu a l

I St

Figure 15. Plots of principal component scores for apples as assessed by the 
consumer.
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in s p e c tio n  o f  th e  a r ra n g e m e n t o f  th e  sam p les  show s e a ch  axis to  tie  in w ith  o n e  
o f  th e  th re e  se ts  o f  t re a tm e n ts  in v es tig a ted , i .e . ap p le  cu ltiv a r, C A  s to rag e  
c o n d it io n s  a n d  p o s t-C A  s to ra g e  co n d itio n s .

B y  c o m p a r in g  th e se  t re a tm e n t  v a riab les  to  th e  ac tu a l co m p o sitio n  o f  th e  
p r in c ip a l c o m p o n e n ts  ( th o se  a ttr ib u te s  c o n tr ib u tin g  to  h igh an d  low sco rin g  in 
p a r t ic u la r )  it is p o ss ib le  to  d e te rm in e  th e  e ffec t o f  th e  th re e  tre a tm e n ts  on  th e  
a c c e p ta b ili ty  o f  th e  v a rio u s  sen so ry  a ttr ib u te s  e v a lu a te d . H e n c e  it co u ld  b e  
d e d u c e d  th a t  S u n ta n  w as co n s id e red  c risp e r an d  sh a rp e r  an d  to  h av e  a b e t te r  
a p p e a ra n c e  th a n  C o x . O n e  p e r  ce n t oxygen  C A  p ro d u c e s  a c risp e r, b e t te r  
te x tu re d  a p p le , b u t  o n e  hav in g  a p o o re r  flavour a n d  a ro m a  th a n  fru it s to re d  
u n d e r  2 %  o x y g en . P o s t-C A  s to ra g e  a t 11°C p ro d u c e d  a ju ic ie r , b e t te r  flav o u red  
a n d  te x tu re d  a p p le  th a n  a t 17°C.

Conclusion

D e sc r ip t iv e  sen so ry  ana lysis  p ro v id es  in fo rm a tio n  o n  a fo o d  o r  b ev e rag e  w hich  
is m u c h  m o re  co m p re h e n s iv e  an d  u se fu l th a n  s tra ig h t fo rw ard  d iffe ren ce  
te s tin g . B y  c o u p lin g  th is  w ith  a sco rin g  system  it p ro v id es  th e  re sea rc h  w o rk e r  
w ith  a p o w e rfu l to o l fo r  u n d e rs ta n d in g  sen so ry  q u a lity , th e  re su lts  from  w hich , 
u n lik e  th e  e a rly  d e sc rip tiv e  p ro c e d u re s , a re  am en a b le  to  s ta tis tica l analysis.

P ro b le m s  ex is t in  th e  u se  o f  sca les, as has b e e n  p o in te d  o u t in th is  a r tic le . T h e  
p e rc e p t io n  o f  a t t r ib u te s  th em se lv es  can  also  ch an g e  d u rin g  an  assessm en t e ith e r  
b e c a u s e  th e  p ro d u c t  itse lf  ch an g es  o r  b ec au se  o f  a d a p tio n  by  th e  assessor. A p a r t  
f ro m  c e r ta in  m u ltid im e n s io n a l sca ling  tec h n iq u e s , m e th o d s  g en e ra lly  u sed  fo r 
th e  an a ly s is  o f  sca led  d a ta  re ly  on  th e  in fo rm a tio n  co llec ted  b e in g  m etric  an d  
a s su m e  a n  u n d e rly in g  G a u ss ia n  d is tr ib u tio n . In  m an y  cases senso ry  d a ta  a re  n o t 
m e tr ic  a n d  a re  skew  in n a tu re . S co ring  system s d o  h av e  p ro b lem s b u t w ith o u t 
th e m  a g re a t  d e a l  o f  u sefu l in fo rm a tio n  on  th e  sen so ry  p ro p e rtie s  o f  fo o d s an d  
b e v e ra g e s  w o u ld  b e  lost.
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Economic study of tomato paste production

M . M O R E S I  a n d  C . L IV E R O T T I

Summary

S ta tis tic s  o f  to m a to  p ro d u c tio n  a n d  u tiliz a tio n  h av e  b ee n  re p o r te d  to  show  th e  
re c e n t  d e v e lo p m e n t o f  th e  to m a to  in d u stry  in th e  E E C  co u n trie s . In  p a r tic u la r , 
th e  p ro f ita b ili ty  o f  to m a to  p as te  p ro d u c tio n  has b e e n  ev a lu a te d  a n d  th e n  
a n a ly se d  to  assess th e  in flu en ce  o f  th e  o p e ra tin g  costs , E E C  p ay m en ts  an d  
m a rk e t  p r ic e  o f  to m a to  p a s te . T h e  eco n o m ic  b a lan c e  fo r a p la n t cap ac ity  o f  14 
to n s  o f  ra w  to m a to e s  p e r  h r  a n d  2880 o p e ra tio n a l h r  p e r  y ea r show s p ro fitab ility  
o f  2 2 %  in  1979 a n d  16%  in 1980 ow ing  to  in fla tio n  an d  d ec rea se  in  p ro d u c t 
d e m a n d . T h e  a n n u a l  co s t o f  raw  m a te r ia ls  is n o t on ly  m o re  th a n  75 %  o f 
p ro d u c tio n  co s ts , b u t  is a lso  d o u b le  th e  to ta l cap ita l in v es ted . F o r  th is  re a so n  th e  
to m a to  in d u s try  is c o m p e lle d  to  re so r t  to  h ig h -in te re s t, sh o rt- te rm  lo an s  w hich  
f u r th e r  re d u c e  n e t  ea rn in g s . M ec h an iza tio n  o f  c ro p  h a rv es tin g , a u to m a tio n  o f  
s o r t in g , o p tim iz a tio n  o f  e v a p o ra tio n  a n d  p ack ag in g  u n its  an d  flexibility  o f  p lan ts  
a re  n e e d e d  to  m a in ta in  in te re s t  in to m a to  p as te  p ro d u c tio n  in  in d u stria liz ed  
a re a s .

Introduction

T h e  re c e n t  e v o lu tio n  o f  to m a to  p a s te  p ro d u c tio n  has seen  th e  g ro w th  o f  large- 
sca le  a n d  c a p ita l- in te n s iv e  e n te rp r is e s , ev en  th o u g h  a large  n u m b e r o f  p ro d u c ­
t io n  u n its  a re  still o f  sm all o r  m ed iu m  size.

M o re  e ffec tiv e  c o -o p e ra tio n  b e tw e e n  th e  fa rm e r an d  th e  p ro c esso r a n d  
b e tw e e n  th e  ag r ic u ltu ra l e n g in e e r  a n d  th e  fo o d  en g in ee r has a lso  e x e rte d  a d ee p  
in f lu e n c e  o n  fo o d  in d u s tr ia l ac tiv ities.

In  th is  p a p e r  s ta tis tic s  o f  to m a to  p ro d u c tio n  a n d  u tiliza tio n  in  Ita ly  a n d  in  th e  
E E C  c o u n tr ie s  h a v e  b e e n  u sed  to  c h a ra c te riz e  th e  eco n o m ics o f  th e  to m a to
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p a s te  in d u s try  b y  ca rry in g  o u t  a p ro fitab ility  analysis. A s  p ro d u c tio n  costs  a re  
a f fe c te d  b y  th e  size o f  th e  o p e ra t io n , o u r  analysis h as  b e e n  re fe rre d  to  a p la n t o f  
m e d iu m  size (w o rk in g  cap ac ity  14 to n s  o f  raw  to m a to e s  p e r  h r).

Production and utilization of tomatoes

T h e  to m a to  is a p la n t  sp ec ies  o f  th e  g en u s  Lycopersicon b e lo n g in g  to  th e  p la n t 
fa m ily  Solanaceae. I ts  f ru it consists  o f  an  o u te r  p e e l; an  in te rm e d ia te  p a r t  
c o n ta in in g  p a le  s tra w -c o lo u re d  ju ic e , in so lu b le  p ig m en ts  ( ly co p en e , c a ro te n e , 
x a n th o p h y ll  a n d  c h lo ro p h y ll) , p ec tic  su b s tan ce s  a n d  p ec tic  enzym es; a n d  a 
c e n tr a l  p la c e n ta  c o n ta in in g  m an y  sm all, oval seeds. T h e  c o m p o s itio n  o f  
to m a to e s  a n d  to m a to  p ro d u c ts  is a ffe c te d  by  su ch  fac to rs  as g row ing , sea so n a l 
a n d  c lim a tic  c o n d itio n s , m a tu r ity , v a r ie tie s , e tc . T a b le  1 gives an  in d ica tio n  o f  
th e  ra n g e  o f  p h y sica l a n d  ch em ica l co m p o s itio n  o f  raw  to m a to e s  (G u a s ta lla ,
1968). T h e  su g ars  in  to m a to e s  a re  p ra c tica lly  all red u c in g  sugars, i.e . g lucose 
(0 .8 8 -1 .2 5 % ) ,  fru c to se  (1 .0 8 -1 .4 8 % ), e tc . (L a m b , 1977). T h e  p H  o f  raw  
to m a to e s  is 4 .2 -4 .6  a n d  is m ain ly  d u e  to  c itric  a n d  m alic  acids (L a m b , 1977). 
A lth o u g h  th e  n u tr i t io n a l  v a lu e  o f  to m a to  is ra th e r  low , th e  la rg e  a m o u n t o f  
to m a to e s  c o n su m e d  in  an y  m e a l o f  th e  d ay , raw  o r  co o k e d , m ak es  it q u ite  
v a lu a b le  in  s ta n d a rd  a n d  sp ec ia l d ie ts .

T h e  d e v e lo p m e n t o f  m an y  n ew  to m a to  v a rie tie s  in  o rd e r  to  im p ro v e  y ield , 
c ra c k  re s is ta n c e , q u a lity  o f  fru it ,  e tc . m a k e s  i t  d ifficu lt to  co n s id e r all th e  
v a r ie t ie s  c u r re n tly  in  u se . T h e  h a rv es tin g  sea so n  d e p e n d s  o n  th e  c lim atic  
c o n d it io n s :  in  I ta ly , it  las ts  fro m  July  to  th e  e n d  o f  S e p te m b e r .

T h e  le a d in g  c o u n tr ie s  in  te rm s  o f  a c rea g e  a re  th e  U .S .A . ,  Ita ly , M ex ico , 
E g y p t  a n d  B raz il. T a b le  2 show s to m a to  p ro d u c tio n  in  th e  E E C  an d  o th e r  
c o u n tr ie s  f ro m  1978 to  1980: I ta lia n  p ro d u c tio n , b e in g  th e  h ig h es t in  E u ro p e , 
ra n g e d  fro m  57 to  6 7%  o f  th a t  o f  th e  U .S . A . in  1979 a n d  1980.

T h e  e v o lu tio n  o f  to m a to  p ro d u c tio n , ac rea g e  a n d  y ie ld  p e r  h e c ta re  in  Ita ly  
f ro m  1970 to  1980 is sh o w n  in  T a b le  3.

Table 1. Physical and chemical composition of 
tomatoes (Guastalla, 1968)

Component (%)

Juice 94-96
Seeds 1-1.5*
Peel and fibres 1.5-2.5*

Water 95
Carbohydrates 2.8-4.1
Protein (Nx6.25) 0.6-0.8
Acid (expressed as citric acid) 0.3-0.5
Ash 0.4-0.5

Moisture content 66%
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Table 2. Crop estimates (1000 tons) for 
tomatoes as reported in OECD, report (1979)

Country 1978 1979 1980*

Belgium 114.8 117.5 —

Denmark 18.3 17.0 16.5
France 802.1 824.7 826.7
Germany 28.0 29.3 25.8
Ireland 28.8 28.0 26.0
Italy 3850.0 5130.0 4660.0
Netherlands 371.6 405.1 380.0
United Kingdom 129.0 139.0 —

Spain 2223.0 2049.8 2056.0
Greece 1718.0 1750.0 1750.0
Portugal 950.0 970.0 —

Austria 28.0 37.0 35.0

Turkey 3300.0 3500.0 —

Canada 477.7 466.5 —

U.S.A. 6780.6 7699.1 —

Japan 887.8 941.1 —

*Estimate as at 6.5.80

Table 3. Tomato production, acreage 
and yield per hectare in Italy from 1970 
to 1980 (IRVAM, 1980)

Year
Production 
(1000 tons)

Acreage
(ha)

Yield
(t/ha)

1970 3617.9 129 967 27.84
1971 3423.6 120 190 28.48
1972 3050.4 111 026 27.47
1973 3310.4 109 988 30.10
1974 3637.4 116 999 31.09
1975 3511.96 113 178 31.03
1976 2968.65 98 938 30.01
1977 3299.91 107 317 30.75
1978 3820.5 112 970 33.82
1979 5132.1 132 002 38.88
1980* 4810.0 125 930 38.20

* Estimates from IRVAM

Table 4. Supply balance sheet for fresh tomatoes (1000 tons) in the EEC countries in 1976/77 and 
1977/78, as reported in Eurostat (1981)

Germany France Italy U.K. EEC

Utilization (1000 tons) (1) (2) (1) (2) (1) (2) (1) (2) (1) (2)

(a) Sales by professional 30 29 573 573 2517 2711 187 180 3875 4036
producers 

(b) Imports 339 343 188 185 2 2 130 149 364 378
Intra EEC 227 240 57 49 — — 36 51 — —

(c) Resources = uses (a+b) 369 372 761 758 2519 2713 317 329 4239 4414

(d) Exports 1 — 5 8 21 24 5 8 54 53
Intra EEC 1 — 3 4 16 20 4 8 — —

(e) Total domestic uses (c-d) 368 372 756 750 2498 2689 312 321 4185 4361
Losses 37 37 82 79 204 — — — 339 128
Animal feed — — — — 1 — — — 4 2
Processing — — 218 225 1518 1897 — — 1737 2122
Human consumption 331 335 456 446 775 792 312 321 2017 2109

(1) From 1 April 1976 to 31 March 1977
(2) From 1 April 1977 to 31 March 1978
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In  1 9 76-77  a n d  1977-78, th e  last y ea rs  fo r  w hich  s ta tis tics a re  av a ilab le , th e  
g e n e ra l  a sp e c ts  o f  th e  to m a to  sec to r  in  th e  m ain  E E C  co u n trie s  a n d  in th e  E E C  
as a w h o le  a re  su m m a riz e d  in T ab le s  4 a n d  5, w hich  re p o r t  th e  supp ly  b a lan c e  
s h e e ts  fo r  fre sh  to m a to e s  a n d  p ro c essed  to m a to e s  resp ec tiv e ly  (E u ro s ta t,  1981). 
F ro m  th e se  ta b le s  it is p o ss ib le  to  d e riv e  th a t  th e  im p o rts  o f  fresh  to m a to e s  a re  
a b o u t  9 %  o f  to ta l  E E C  uses, w hile  th o se  o f  p ro c essed  to m a to e s  a re  
a p p ro x im a te ly  3 0%  o f  to ta l  E E C  c o n su m p tio n .

Table 5. EEC supply balance sheet for processed tomatoes expressed in fresh product weight 
(1000 tons) in 1976/77 and 1977/78, as reported in Eurostat (1981)

Utilization (1000 tons)

Germany France Italy U.K. EEC

(1) (2) (1) (2) (1) (2) (1) (2) (1) (2)

(a) Usable production — — 218 225 1518 1897 — — 1737 2122

(b) Imports 627 556 322 364 100 129 569 494 864 830
Intra EEC 459 464 184 201 2 5 243 228 — —

(c) Resources = uses (a+b) 627 556 540 589 1618 2026 569 494 2601 2952

(d) Exports 22 20 37 47 1062 1155 — — 36 155
Intra EEC 19 12 8 9 618 581 — — — —

(e) Final stocks — — — — 60 — — — — —

(f) Change in stocks — — — — -290 -10 — — -290 -10

(g) Total domestic uses 605 536 503 542 846 881 569 494 2855 2807
Losses —
Human consumption 605 536 503 542 846 881 569 494 2855 2807

(1) From 1 April 1976 to 31 March 1977
(2) From 1 April 1977 to 31 March 1978

T h e  to m a to  in d u s try  can  b e  d esc rib ed  by  tw o d iffe re n t typ es o f  c u ltu re , th a t 
is, g la s sh o u se  o r  g re e n h o u se  a n d  o p e n  field. A ll g re en h o u se -g ro w n  to m a to e s  
a re  m a rk e te d  fre sh , w h ile  a h igh p ro p o r tio n  o f  th e  to m a to e s  g row n  in o p e n  fields 
is p ro c e s se d . T a b le  6 d ea ls  w ith  th e  u tiliza tio n  o f  to m a to e s  g row n  in o p e n  fields 
in  I ta ly  a n d  sh o w s th a t  m o re  th a n  tw o -th ird s  o f  th e  c ro p  a re  p ro cessed . A b o u t 
45 %  o f  fre sh  to m a to e s  a re  c a n n e d  as p e e le d  to m a to e s , 53%  as to m a to  p a s te  a t 
2 8 -3 0 %  n a tu ra l  to m a to  so lu b le  so lids (N T S S ) a n d  th e  re m a in d e r  as c h o p p e d  
p e e le d  to m a to e s  a n d  to m a to  ju ice  ( IN C A , 1979).

In  all p ro b a b ili ty  th e  E E C  C o m m o n  A g ric u ltu ra l P o licy  (C A P ), invo lv ing  a 
sy s tem  o f  p ro d u c tio n  g ra n ts , m ay  h av e  b ee n  p a rticu la rly  sign ifican t in  
e n c o u ra g in g  th e  re c e n t  ex p a n s io n  (126%  in crease  from  1977 to  1980) in to m a to  
c o n c e n tra te  p ro d u c tio n  in  Ita ly , a lth o u g h  in th e  sam e p e r io d  a re m a rk a b le  20%  
in c re a s e  in  to m a to  y ie ld  p e r  h e c ta re  w as o b ta in e d  (T ab le  3). C e rta in ly , th e  
in tro d u c t io n  o f  c o m m o n  p o lic ies fo r  all a g r ic u ltu ra l p ro d u c ts  h as  b e e n
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Table 6. Utilization of tomato in Italy from 1974 to 1980

Utilization (1000 tons) 1974* 1975+ 1976+ 1977+ 1978§ 1979§§ 1980” §§

Industrial processing 1850 1480 1240 1550 2300 3730 3500

Fresh market 940 1011.4 942 1000 828 895 918

Market surplus 5.2 124.6 10 14 13 163 70

W aste and losses
Production and self-consumption 325 330 371 300 198 262.1 240
Distribution 114 105 75 86 50 64.5 62

Export 15.8 19 15 20 19 17.5 20

Total 3250 3070 2653 2970 3408 5132.1 4810

*IRVAM (1975) 
tIRVAM (1977)
+IRVAM (1978)
§IRVAM (1979)
§§IRVAM (1980)
"Estim ates at 31st July, 1980

r e s p o n s ib le  fo r  th e  o p e ra t io n  o f  a sch em e  o f  c o n tra c tu a l system s b e tw e en  th e  
g ro w e rs  a n d  th e  p ro c ess in g  in d u s try , th u s  re p re se n tin g  a stab iliz ing  e le m e n t in 
th e  E E C  m a rk e t  a g a in s t th e  large  v a r ia tio n s  o f  w o rld  m a rk e t  p rice s  fo r  raw  
m a te r ia ls . In  fa c t, th e  c o m p e titiv e  p o sitio n  o f  E E C  p ro d u c e rs  an d  
m a n u fa c tu re r s  can  b e  g re a tly  a ffec te d  by  th e  im p o rta tio n  o f  p ro cessed  fru its  an d  
v e g e ta b le s  f ro m  n o n -E E C  co u n trie s .

F o r  th is  re a s o n , th e  C A P  in tro d u c e d  a su p p o r t system  fo r a la rge  n u m b e r  o f  
p ro d u c ts  (su ch  as s tew e d  o r  fro zen  fru its  w ith  o r  w ith o u t su g ar a d d itio n , d ried  
fru its ,  c itru s  p e e ls , p ec tic  su b s tan ce s , f ru it p u ré e s , fru it p a s te s , fru it ju ice  an d  
g ra p e  ju ic e s  w ith  a su g a r a d d itio n  g re a te r  th a n  3 0 % ) by estab lish in g  n o  in te rn a l 
t r a d e  b a r r ie r s  b e tw e e n  th e  m e m b e r  s ta te s  a n d  co m m o n  e x te rn a l tariffs  ag a in s t 
th e  n o n -E E C  p ro d u c e rs  (E E C  re g u la to ry  n. 516, 1977). F u r th e rm o re , th e  im ­
p o r ta t io n s  o f  p ro d u c ts  c o n ta in in g  su g a r su b s titu te s  like g lucose a n d /o r  g lucose 
sy ru p s , w h ich  a re  less ex p en siv e  th a n  su c ro se  w ere  su b m itte d  to  im p o rt tariffs  to  
m a in ta in  th e  co m p e titiv e n e ss  o f  th e  E u ro p e a n  in d u s try  (E E C  re g u la to ry  n . 516, 
1977). O n  th e  o th e r  h a n d , th e  e x p o r ta tio n  o f  p ro d u c ts  re q u ir in g  su g ar a d d itio n  
to  n o n -E E C  c o u n tr ie s  w as su p p o r te d  by  th e  g ra n tin g  o f  a ids, p ro p o r tio n a l to  th e  
a d d i t io n  o f  su c ro se , g lu co se , o r  g lucose  sy ru p s (E E C  re g u la to ry  n. 516, 1977), 
w h ile  th a t  o f  th e  o th e r  p ro d u c ts  m e n tio n e d  ab o v e  w as h e lp ed  by  g ra n ts  covering  
th e  d if fe re n c e  b e tw e e n  th e  E E C  a n d  w o rld  m a rk e t p rices.

A s  fa r  as  th e  p ro d u c tio n  o f  to m a to  p ro d u c ts  is c o n c e rn e d , th e  c o n tra c ts  
re g u la t in g  in t ra -E u ro p e a n  tra d e  b e tw e e n  to m a to  su p p lie rs  an d  to m a to  
m a n u fa c tu re r s  fo r  e a c h  ty p e  o f  p ro d u c t in  1979-80 a re  su m m arized  in T a b le  7 
(E E C  re g u la to ry  n. 1 3 4 6 ,1 9 8 0 ).
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Table 7. Contracts regulating the intra-EEC trade between growers and 
manufacturers, as reported in IRVAM (1980): minimal raw tomato price to be paid 
to growers and rewards to be given to processors according to the type of final 
product

Payments to

Producer Manufacturer
(L./kg of fresh tomatoes) (L./kg of packed product)

Final product (1979) 1980) (1979) (1980)

Peeled tomato
type ‘Roma’ 110.44 127.70 148.31 147.39
type ‘S. Marzano’ 146.42 169.38 186.17 185.01

Chopped peeled tomato 91.25 (05.59 72.68 72.25

Tomato juice
3.5—5% NTSS 91.25 105.59 69.33 68.89
5 —7% NTSS 91.25 105.59 106.67 105.94
7 —8% NTSS 87.58 101.31 146.84 145.88
8 —10% NTSS 87.58 101.31 167.81 166.72
10 —12% NTSS 87.58 101.31 199.28 197.98

Flakes 110.44 127.70 1562.77 1675.09

Frozen peeled tomato 110.44 127.70 148.31 147.39

Tomato paste 28-30% NTSS 87.58 101.31 400.87 429.54

In  g e n e ra l ,  ev e ry  y e a r  a E u ro p e a n  co m m itte e  lays d o w n  th e  m in im u m  selling  
p r ic e s  fo r  fre sh  to m a to e s  to  b e  tra n s fo rm e d  in to  to m a to  p ro d u c ts  a n d  th e  a id s to  
th e  p ro c e sso rs . T h e  fo rm e r a re  e v a lu a te d  by  tak in g  in to  acco u n t th e  av e rag e  
m a rk e t  p ric e s  d u rin g  th e  p re v io u s  h a rv es tin g  sea so n  a n d  th e  in crease  in  th e  
c u ltiv a tio n  co s ts , w h ile  th e  la t te r  d e p e n d  o n  th e  m e a n  p rocessin g  costs  in  th e  
E E C  a n d  th e  av e ra g e  C IF  (C o s t In su ra n c e  F re ig h t)  selling  p rices  fo r  each  
to m a to  p ro d u c t  im p o r te d  fro m  T h ird  C o u n trie s  (E E C  re g u la to ry  n. 51 6 ,1 9 7 7 ).

F in a lly , th e  c o n tra c ts  m e n tio n e d  ab o v e  also  g u a ra n te e  a c e rta in  in co m e to  
fa rm e rs  w h o  h av e  n o t  so ld  th e ir  c ro p  by  w ith d raw in g  th e  su rp lu s  fo r  o th e r  u ses, 
su c h  as  in d u s tr ia l  u tiliz a tio n  o r  an im al feed in g . F o r  in s tan ce , in  1979 a b o u t 
168 000 to n s  o f  fre sh  to m a to e s  w e re  w ith d raw n  by  th e  g o v e rn m e n t a sso c ia tio n  
(A IM  A ).

A typical tomato paste production process

O f  th e  v a r io u s  tech n o lo g ica l lines ac tu a lly  u sed  to  p ro cess  fresh  to m a to e s  th e  
e c o n o m ic s  o f  to m a to  p a s te  p ro d u c tio n  h as  b e e n  s tu d ie d  b ec au se  o f  its h igh
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Figure 2. Material balance flow sheet for the flow scheme of Fig. 1.

output (IN C A , 1979), by considering a medium size plant with a working 
capacity o f 14 tons o f fresh tom atoes per hr and operating for 120 days per year.

T he process flow diagram and material balance flow sheet are shown in the 
Figs 1 and 2, respectively. The process may be described as follows.

Washing and sorting

Fruit is generally brought to the concentration plant in bulk form or 
polyethylene tubs by trucks. Storage should be no longer than 48 hr to limit



bacterial contam ination which modifies the chemical and nutritional 
characteristics.

T w o soaking tanks are com m only used to remove all the adhering dirt; then 
the w ashed tom atoes are m oved to the sorting belts by a conveyor.

U nder optim al conditions o f lighting and belt design (area, width and speed of 
the belt o f  about 0.07 m 2 per kg o f tom atoes, 0.5 m and 5 m/min respectively) 
seasonal workers are usually em ployed to inspect 400-500 kg/hr per person 
(G uastalla, 1968). D ecayed  fruits are picked out by hand and discarded. 
W ashing water is chlorinated (5-10 p .p .m .) to maintain sterility during 
operation. In our specific case, 1.43 m:! o f water was found to be sufficient for 
each ton o f  fresh tom atoes (Leoni, 1978); sorting required three sorting belts 
working in parallel and thirty men per shift.
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Chopping and pre-heating

W ashed tom atoes are first chopped into small pieces by a machine consisting 
o f a rotating, cogged drum and a stationary com b, and then pre-heated to 
90-95°C  for 1 -2  min ( ‘hot-break’ m ethod) or to 60°C ( ‘cold-break’ m ethod) to 
allow  easier peeling (Guastalla, 1968; Tressler & Joslyn, 1961). The ‘cold-break’ 
treatm ent is actually more widely used because the ‘hot-break’ method inhibits 
pectic enzym es, giving highly coloured, thick and viscous juices and heavy 
fouling in heaters and evaporators (M organ, 1959). M oreover, seed recovery 
for future planting is also possible (Fig. 2), although the commercial value o f the 
seeds is rather low.

Extraction

C hopped tom atoes are pressed through various screens, the openings of 
which decrease from 1.5 to 0.4 mm. The residue is dewatered by a continuous 
screw press to im prove the extraction yield and then sent to final disposal in a 
controlled  discharge area. Other alternatives, such as seed recovery for oil 
extraction or future planting, and peel utilization as animal feed or fuel, involve 
a drying operation and are usually regarded as being uneconom ic for a number 
o f  reasons (seasonal operation, high operating costs o f drying, low commercial 
value o f  final products, etc.).

Concentration

This operation is carried out at sub-atmospheric pressures by using falling- 
film and scraped-film evaporators according to the viscosity o f the final product. 
In this study tom ato juice was concentrated from 5 to 28% NTSS by using 
counter-current two-stage falling-film evaporators. Material and energy 
balances solved by trial and error are shown in Table 8 . Physical data (boiling- 
point rise, density and specific heat o f tom ato products) were derived from  
L iverotti (1980), and heat transfer coefficients from manufacturers’ catalogues.

13
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Table 8. Material and energy balances for the evaporation unit of the 
tomato paste process shown in Fig. 1

Parameter First effect Second effect Unit

Internal pressure 55 196 mmHg abs.
Juice temperature 42 69 °C
Boiling-point rise 0.7 1.7 °C
Heat-transfer coefficient 2900 1980 W/m2. °C
Temperature difference 29 35 °C
Heat-transfer surface 52 60 m2
Input liquid flow-rate 13212 7927 kg/h
Input NTSS 5 8.3 %
Output liquid flow-rate 7927 2359 kg/h
Output NTSS 8.3 28 %

Pasteurization

C ontinuous pasteurization at 90-92°C has been found to allow safe storage by 
preventing any spoilage by lactobacilli and avoiding any local superheating o f  
the product (G uastalla, 1968; Tressler & Joslyn, 1961).

Filling and closing

Pasteurized juice is automatically filled into thoroughly cleaned and steam- 
treated lacquered tin cans; the cans are then seam ed and cooled. Insufficient 
cooling is detrim ental to  flavour and often causes labelling difficulties.

Storage

T om ato products may be temporarily stored in 5-20 kg cans, 115-225 kg 
barrels (Cultrera & G iannone, 1965) or sterile tanks in an inert gas atmosphere 
(M enoret & G autheret, 1962). The first two m ethods involve high packaging 
costs if further processing is required. T he rate o f deterioration increases rapidly 
with increase o f  temperature. Canned tom ato products stored at 12-24°C retain 
their norm al flavour and appearance for about 18 months if air humidity is kept 
low  to  avoid condensation and can rusting (Guastalla, 1968).

Waste disposal

A lthough  the liquid wastes from processing and washing operations have a 
B O D  ranging from 600 to 1000 p .p .m . (Degrém ont, 1972), the small volumes 
arising during the seasonal operation o f the tom ato industry involve limited 
environm ental contam ination. Therefore, after screening to remove suspended  
solids wastewaters are usually disposed o f as irrigation water or piped into 
existing sewers (Tressler & Joslyn, 1961), but this procedure may not be 
acceptable in future.
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Cost estimates

T he econom ic balance o f the plant has been calculated as outlined below.
T he capital investm ent Q  has been derived by using Chilton’s m ethod (1960), 

as sum m arized in Table 9. In particular, capital investment for the major items 
o f equipm ent (Fig. 1) has been derived from recent data from manufacturers, 
w hile the m inor item s, such as decayed fruit and pallet conveyors, screw press, 
etc ., have been  assumed to represent 5% o f the ‘total purchased equipment 
co st’ Ce.

Table 9. Capital investment estimate for the tomato paste process 
shown in Fig. 1: working capacity 14 tons of fresh tomatoes per 
hours; output level about 6800 tons of tomato paste at 28% NTSS

Unit
Investment cost 
(in millions L.)

W ashing—extraction 100
Concentration 350
Pasteurization 20
Packaging 35
Cooling 100
Steam production 50
Pumps 3
Minor items 35

Total purchased equipment Ce 693

Ancillary process equipment and 
installations 

Piping and valves 0.20 Ce
Instruments and controls 0-10 Ce
Electrical 0.15 Ce
Equipment installation 0.30 Ce
Painting, insulation 0.02 Ce

0.77 Ce 534

Civil works and services 0.55 Ce 381

Utility installation 0.20 Ce 139

Total direct cost Cd = 2.52 Ce 1747

Engineering •a
uoÖ

175
Contractor fees 0.05 Cd 87
Contingencies 0.15 Cd 262

Total capital investment Ci = 1.30Cd 2271



A  summary o f all the items contributing to operating costs C0 is set out in 
T able 10.
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Table 10. Production costs for the tomato paste process shown in Fig. 1 for Italy in 1979 
($1 = 1000 Italian Liras)

Operating costs Cost (in millions L.)

Investment-related costs
Depreciation (10 years, 10% interest rate) 370
Maintenance (3% Cd) 52

Subtotal 422

Utilities
Electricity: L.25/kWhr x 139 kWhr x 2880 hr 10
Cooling water: L.20/m:ix 158 m3/hrx2880 hr 9
Well water: L.80/m:lx20 m3/hrx2880 hr 5
Fuel: L.165/kgx558 kg/hrx2880 hr 265

Subtotal 289

Raw materials
Tomato: L.96-58/kgxl4 000 kg/hrx2880 hr 3894
Lacquered tin cans: L.80/kgx2359-45 kg/hrx2880 hr 544
Chlorine: 2

Subtotal 4440

Labour
Seasonal worker: L. 4500/hrx90 SWx960hr/SW 389
Seasonal skilled worker: L. 14xl06/yearx9SSWxl/3year/SSW 42
Permanent skilled worker: L. 16 x 10B/year x 4 PSW x 1 year/PSW 64
Administrative Worker: L. 16x 10s/yearx4 AWx 1 year/AW 64
Supervisor: L. 20x 10'Vyearxl Sxl year/S 20

Subtotal 579

Total 5730

T he econom ic balance o f the concentration plant can be written as follows,

C0+ P  — Qp(cP+ c EEC) (1)

w here Q P and cP are respectively the overall quantity and selling price o f tom ato  
paste, and cEEC the E E C  payments per kg o f packed product. The plant 
profitability P is expressed as a percentage p o f the ‘total capital em ployed’ CT, 
which is m ade up o f Q  and the fraction n o f the operating costs related to 3 
m onths o f turnover:

C T — C | +  nC0 (2)

B y  com bining equations (1) and (2) we have

_  Qp(cp +  CEEc) ~  Co 
P Q  +  nC0 (3)
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For 1979 the profit from the operation and the return on capital p have been  
calculated as shown in Table 11. A  profitability o f about 22% is usually 
considered satisfactory for a venture o f this nature, depending on the risk 
relative to alternative utilization o f capital within a company.

Table 11. Profitability analysis for the tomato paste process shown in Fig. 1 with reference to the 
operating costs shown in Table 10

Areas of profitability 10" L. %

Gross profit
Sales: L. 560/kgx2359.5//3 kg/hx2880 hr
EEC payments: L. 400.87/kgx2359.5/yS kg/hx2880 hr

4181
2992

Subtotal (a) 7173

Operating costs (b) 5730

Profit from operations (a-b) 1443

Total capital employed (CT) 
Original fixed capital invested 
Turnover: 0.75x5730x10" L.

2271
4297-5

Total 6568-5

Profitability (a—b)/Cr 21-97

¡3 = filling degree of 5-kg container—0.91

T o determ ine how p is influenced by several parameters, such as tom ato  
transport, package and labour costs, the marked price o f the packed product 
and E E C  paym ents, equation (3) has first been modified by subsituting all the 
term s o f  the operating costs and then differentiated with respect to each 
param eter X; at x ( /1 =  const. Each partial derivative, 8p/Sx,, has been finally used  
to  determ ine the relative variation A p o f p at different degrees o f variation of 
each factor as follows,

2C;>' C )

w here x i0 is the basic value o f the generic parameter x,. A ll the data useful for this 
analysis o f  sensitivity are presented in Table 12. A  10% variation o f raw tom ato  
and tom ato paste market prices and EEC  payments varies the return on capital 
by 29 and 21% respectively, while the same variation o f the various other factors 
yields a m ean effect on p less than 5%.

T hese results m ake the consideration o f alternative investment extrem ely 
difficult, as the differences are o f the same order o f magnitude as the profit or 
loss. In the past year, owing to the effect o f inflation, raw tom ato costs increased 
by 15.7% , product prices by 11%, the EEC subsidies by 7.2% , transport costs
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Table 12. Sensitivity analysis of profitability referred to a +10% relative 
variation of each parameter contributing to the economic balance of the 
tomato paste process shown in Fig. 1.

Parameter x( Basic value xi0 (£>
Raw tomato cost 87.58 L./kg -7.150 x 10-3 -28.5%
Transport cost 9.00 L./kg -7.150X10“3 -2.9%
Tomato paste package cost 80.00 L./kg —1.205 xHT3 -4.4%
Labour cost 579.00106L. -1.773 xlO-10 -4.6%
Tomato paste market price 560.00 L/kg 1.137X10”3 +28.9%
EEC payments 400.87 L/kgt 1.137X10“3 +20.7%

*Referred to a +10% relative variation (Axj/x^) of each parameter x, 
tPacked tomato paste at 28% NTSS

by 33% , package costs by 25% and labour costs by 15%, thus yielding a lower 
return on capital (16.3%  instead o f 22% ). If tax, duty, insurance, advertising 
investm ent and interest allowed are deducted from gross profit, profitability is 
further lowered.

T he annual contribution o f raw material costs (Table 10) is more than 75% of  
the overall operating costs and about twice the total capital invested. Therefore, 
tom ato manufacturers may have to resort to high-interest, short-term loans to  
obtain working capital, thus drastically reducing net earnings.

M oreover, not only low , raw tom ato prices but also low production costs have 
to be considered to understand why tom ato products o f first quality from  
G reece, Spain and Portugal are not so expensive as those from Italy. In fact, 
even  if the E E C  payments for tom ato manufacturers were to reduce raw 
m aterial costs from L. 87.58/kg to L. 29.02/kg the selling price (L. 560/kg) of 
28%  NTSS tom ato paste, for instance, would still be higher than that (L. 
450-500/k g) o f a similar product from Portugal. This can be easily explained by 
taking into account the higher labour costs o f the EEC industry in comparison  
with Third Countries like Spain, G reece, Portugal, Turkey, etc.

T herefore, it is virtually certain that the present CAP support system for the 
tom ato processing sector should adopt drastic changes in its m ode o f operation  
in order to allow the E EC  manufacturers to cope with increased levels of 
com petition  from non-EEC  countries.

In fact, one o f the main disadvantages o f the CAP system is that the obligation  
for the E E C  processors to purchase tom atoes at prices much higher than their 
com petitors in the non-EEC  countries lowers their com petitiveness on EEC  and 
export markets.

In a short-term period this might be guaranteed by increasing the import 
tariffs for tom ato products from Third Countries or granting greater aids to the 
m anufacturers, while a new market intervention activity should be introduced 
to favour a long-term reorganization o f the EEC tom ato sector, as its 
profitability cannot be improved only by optimizing tomato processing
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m ethods. In fact, the incidence o f the actual processing equipment on the total 
capital invested is rather less than 31% (Table 9) and in the near future this 
proportion is likely to be reduced further following the installation of 
w astew ater treatm ent plants to fulfil anti-pollution regulations.

In m ore specific terms, to support continuing interest in these processes in 
industrialized areas the following changes are necessary:

(1) T he industry will need to develop new ‘crack-resistant’ varieties o f tom ato  
in order to favour the mechanization o f crop harvesting, thus obtaining a 
substantial reduction in manpower and raw tom ato costs.

(2) A utom atic sorting will be required, although this has proved to be one o f  
the m ost difficult operations to mechanize. H owever, we are certain to see a 
m ajor drive in this area in the future, more than two-thirds of labour costs being 
associated  with manual sorting.

(3) For the concentration o f tom ato juice 2-effect or 3-effect falling-film  
evaporators are m ost com m only used. H owever, dewatering costs for a water 
rem oval o f  about 10 ton/hr (Fig. 2) might be further reduced by increasing the 
num ber o f effects up to 4 or 5 in accordance with Thijssen and van Oyen (1977). 
Further energy might be saved by expanding live steam through an exaust-steam  
turbine-engine to drive circulation pumps (Angeletti, 1979).

(4) T he adoption o f multi-purpose plants capable o f treating different kind o f  
fruits (such as tom ato, grape, apple, orange, lem on, etc.) would increase the 
annual working period o f  the industry, thus reducing the contribution o f  
am ortization and perm anent worker costs to the overall operating costs.

(5) L ow  interest governm ent loans will also help industry to deal with the 
problem  o f delayed E E C  payments and the burden o f interest.
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An objective index for the evaluation of the ripening of salted 
anchovy

B . F IL SIN G E R , C. A . B A R A SSI, H . M. LUPIN* a n d  R. E. TRUCCO

Summary

Salted anchovies were conditioned in order to allow ripening in brine. A  sensory 
panel procedure was developed to systematically follow the process.

This sensory evaluation was carried out for up to 328 days, and the results 
indicated  10 m onths as the minimum time required to obtain an adequately 
cured product.

T ota l ester index was determined at the successive stages of anchovy ripening. 
T here was a close correlation between total ester index and sensory score 
b etw een  100 days and 328 days o f ripening. This relationship to storage time and 
to sensory assessm ent supports the use o f total ester index as an objective 
m ethod  to follow  and assess the later stages o f this little known process.

Introduction

Salting and curing o f anchovies is a traditional process used by Mediterranean 
fisherm en to obtain a product with a tender consistency and specific pleasant 
arom a and taste as a result o f enzymic activity on the fish flesh.

T he reproduction o f Engraulis anchoita takes place all year round, but there 
are two principal periods o f spawning, the main one taking place during 
O ctob er-N ovem ber and the second during M ay-June (Bellisio, L opez & 
T orno, 1979).

From  experience it has been observed that the desired ripening reaction takes 
place only in E. anchoita caught during the O ctober-Novem ber period and this 
fish is suitable as raw material for semi-preserves.

Authors’ address: Instituto Nacional de Tecnologfa Industrial, CITEP, 12 de Octubre 4728, 
7600 Mar del Plata, Argentina.

*Present address: FAO, Via delle Terme di Caracalla, 00100 Roma, Italia.
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In spite o f  the antiquity o f the process, there is a marked lack o f reports on the 
curing o f anchovies and most o f the knowledge about the process is empirical 
(C heftel, 1965).

T he minimum time described for the ending o f maturation is 6 months for 
anchovies in Spain (K em p, 1973), and 8 months for E. anchoita (Mattos et al., 
1977). A fter these periods o f time, an adequately cured product is suitable for 
the preparation o f several subproducts, such as pickled fish, salted fish, fish 
sauce, or anchovy paste, all o f them with the same characteristics as those 
obtained using European anchovies.

In spite o f the importance o f the ripening process, visual inspection and 
tasting are still the usual m ethods o f following the process (Thackaberry, 1979).

Chem ical changes have been described during'the salting and ripening o f  
A tlantic herring (Plorina & Leonova, 1970) Baltic herring (Podeszewski, 
Stodolnik  & O tto, 1975) Caspian herring (Konnova, 1966) Siberian cisco fish 
(Sedova & E m el’yanova, 1976) and anchovies (Baldrati et al., 1977; Establier & 
G utierrez, 1972; L ee & Choe, 1974). Som e o f those changes could be used as 
maturation indices (Sedova & E m el’yanova, 1976; Mattos et al., 1977). 
H ow ever, a system atic attempt to find a reliable and objective parameter to 
fo llow  and assess the different stages o f fish ripening in brine has not been made. 
T he objective o f this work was to undertake an investigation on the applicability 
o f the total ester determination as an objective m ethod o f following the anchovy 
m aturation process, compared with the sensory assessment. A  systematic 
arrangem ent o f sensory scores based on flavour, colour, odour, flesh 
consistency and flesh adherence to backbone was also developed in order to 
fo llow  the ripening o f salted anchovy.

Materials and methods

Anchovy salting, packing and ripening in brine

A nchovies (E . anchoita) were caught on the Argentinian platform in the 
south-eastern A tlantic O cean from ca. 37.4°S to ca. 38.8°S during spring, when  
they arrived at the coast for spawning. Fish samples were obtained from 
com m ercial vessels and were immediately immersed at rigor mortis stage in 
saturated brine in plastic boxes after their arrival at the laboratory. A fter 24 hr 
o f brining, the fish were manually beheaded and partially gutted in the same 
operation , and then returned to strong salt solution in order to wash them  
thoroughly. The washed anchovies were packed in 10-kg tins, in layers with two 
fish in each layer being at right angles to each other. There was close contact 
b etw een  the different layers o f fish, and dry salt was not added, except at the 
bottom  and the top o f packed fish. The average fish content was 7.3 kg. One 
hundred and twenty grams o f dry salt was put into the bottom of each can and a 
further 120 g was also scattered, when packing was com pleted, on top o f the last 
layer o ffish .
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A  round piece o f w ood was placed on the top layer o f salt and pressed to a 
m axim um  o f 80 g /cm 2 by means o f heavy weights on top o f the w ooden disk. 
D u e to the applied pressure and to the osm otic effect o f  the salt, extruded liquid 
containing biological material in brine was produced, which com pletely covered  
the fish.

T he cans were stored for ripening in a cellar at 18-22°C under the above 
m entioned  pressure for a period up to 400 days.

Sensory assessments

A t regular intervals, anchovies were taken from different cans in order to 
obtain representative samples. The anchovies were washed with running water 
to rem ove extruded liquid and then were organoleptically evaluated by a panel 
o f  at least three people experienced in judging fish quality. The assessors were 
previously trained in the fish processing industry according to the current 
m ethods used to assess the degree o f ripening o f salted anchovy. Based upon 
personal com m unications with fish processors, a scoring method to follow the 
anchovy ripening process was developed. This is shown in Table 1. A  scale o f

Table 1. Organoleptic panel.

Sensory score

Factor 0 2 4 6 8

Flavour Raw fish Neutral Slightly Ham-like Rancid
(disregarding
salt)

ham-like cured meat off-flavours

Flesh colour Natural fresh Natural Light pinkish Uniformity in Dark red.
fish around meat, deep the pink tone black, red

borders, deep red or pink in distribution blots and/or
red in the 
middle, pink 
in between

the middle black dots

Odour Fresh fish Neutral Smooth Smells of Rancid, acid,
(smells like agreeable agreeable ammoniacal or
brine) odour to vola- volatile esters. sulphurous

tile esters ‘Character­
istic anchovy 
odour’

off-odours

Flesh High elasti- Less elasti- Slight No elasticity, Flimsy
consistency city, damp city, less elasticity,morefirm and resis-

damp compact, does tant to finger
not feel damp pressure

Flesh adherence Very ad- Very ad- Adherent, it Very little Flesh gets
to backbone herent, does herent, does separates adherence, it torn in the

not separate not separate (incomplete separates filleting process
easily filleting) neatly

(adequate
filleting)
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points from 0 to 8 is proposed to replace the ambiguous ‘unripe’ or ‘green’, ‘ripe’ 
and ‘over-ripe’ terms which are traditionally used by the expert tasters o f the 
fish processing industry. The odd numbers were reserved to intermediate stages. 
N um ber 8 corresponds to deteriorated or over-ripe anchovy. A  fish is assigned a 
score for each factor according to the descriptions in the Table. The average o f  
the five considered factors was taken as the score for the fish. The final score 
given to the sample was the average o f at least eighteen specimens, evaluated in 
groups o f  six, by three or more assessors.

Total ester index

T he m ethod used was a modification o f that given in the Official M ethods of 
A nalysis o f  the A O  A C  (1970, method N o. 9.125). Ten grams o f anchovy paste 
obtained from fillets were ground in cooled, distilled water in a Virtiss 
hom ogenizer and made up to 100 ml. Aliquots o f 20 ml were taken after 
adjustm ent to volum e for the determination o f ester indices. Since the 
m easurem ents were done in aqueous hom ogenates instead o f purified lipid 
extracts, the values obtained are representative o f total ester indices, including 
the saponification indices. Results were expressed in gKOH on a dry weight 
(C D W ) basis. Dry weight was obtained after dessication of 20 g o f anchovy 
paste in a oven at 100±5°C up to a constant weight. The residues were ground in 
a mortar to a fine meal and representative 2 g samples were quickly taken and 
transferred to beakers. Approximately 150 ml o f distilled water were added to 
each beaker and the solution boiled for 5 m in. After cooling, the suspension was 
filtered through glass w ool to a 250 ml volumetric flask. Aliquots of 10 ml were 
taken for NaCl determinations according to M ohr’s method as given in the 
O fficial M ethods o f Analysis o f the A O A C  (1970, method N o. 50.028). 
Corrected dry weight was calculated by subtracting the salt content from the 
w eight obtained by drying.

Statistical analysis

T he experim ental curves were mathematically expressed as empirical models. 
T he functional form

tan [(y —a) z] =  m x+ b

was chosen for the sensory assessments vs days and for the total ester index vs 
days curves. Parameters a and z were chosen by a trial and error method. 
Param eters m and b were estim ated by the regression analysis procedure from 
least squares estim ates (Himmelblau, 1970).

Statistical analysis carried out by a m odel such as y =  A +  Be kx had no special 
advantages on the tangent transform system (data not shown). M oreover, the 
proposed functional form can be used to analyse data by means o f a small 
personal programmable calculator instead o f requiring a computer when an 
exponential m odel is used.
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Results and discussion

V isual inspection and tasting are still the usual methods o f following anchovy­
ripening in brine (Thackaberry, 1979). H owever, there are no references on the 
use o f  a sensory panel to follow the maturation o f salted anchovy. Assessm ent of 
the changes in the sensory characteristics o f anchovies during ripening in brine 
was m ade using the scoring system described in Table 1. This procedure, based 
on the evaluation characteristics empirically used by the producers, allows for 
the system atic assessm ent o f the ripening process.

Ripening time (days)

Figure 1. Sensory assessment during ripening time of anchovy. Each point is 
representative of at least eighteen samples, and is the average of the sensory 
characteristics evaluated according to Table 1. Results are representative of 
experiments performed during 1979 and 1980.

Figure 1 shows the sensory scores obtained during ripening o f anchovy in 
brine. T he line

tan [2 4 (y -2 .2 5 )J  =  0 .0 2 7 x -1.191 (r =  0.982) (1)

w here y is the sensory score and x is the ripening time (days), fits the 
experim ental data presented in Fig. 1. A lthough the most pronounced sensory 
changes took  place within the first 100 days o f ripening, the anchovy were not 
yet ripe. It can be observed that the curve tends toward an asymptotic value 
after 10 m onths, which can be considered to be the time normally required to 
obtain a fully maturated anchovy. A maturation period of approximately 8 
m onths has been reported for E. anchotia (M attos et al., 1977). The differences 
from  the results presented here could be due to the wide temperature range 
(11-30°C) described by these authors, the biological condition of the anchovies 
used or to differences in the technological process used, such as the salt content, 
pressure em ployed, and others.
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T he total ester indices obtained during the ripening o f anchovy are presented  
in Fig. 2. Starting from 90 days o f anchovy ripening, the total ester index 
determ inations plotted against time showed a hyperbolic shape (Fig. 2) which 
had similar asymptotic characteristics to that o f the organoleptic assessments vs. 
tim e (Fig. 1). The line

tan [22 .5 (y—5.85)] =  0 .0 0 8 x - 1.396 (r =  0.914) (2)

w here y is the total ester index determination (gKOFl/100 gCDW ) and x is the 
ripening time (days), fits the experimental data presented in Fig. 2. D espite the 
good  correlation obtained for the data shown in Fig. 2, results obtained during 
the first 90 days o f ripening varied between 3.19 and 9.30 gKOH/100 gCDW . 
This w ide variation rules out the use o f the total ester index determination as a 
m ethod to follow  the first stages o f the anchovy ripening process. Flowever, it is 
necessary to wait a further 200 days in order to obtain a fully ripe anchovy 
desp ite the fact that the sensory score during that period changed more slowly 
than during the first 100 days o f ripening (Fig. 1). In contrast, the total ester index 
show ed  a system atic change after only 90 days o f anchovy ripening and in such a 
way, could be used to follow both o f the later third stages o f the process (Fig. 2).

Figure 2. Total ester index during ripening time of anchovy. The points presented are 
the average of at least three individual determinations and results are representative 
of experiments performed during 1977, 78, 79 and 80.

Figure 3 shows the relationship between the total ester index plotted on a 
logarithm scale and the sensory score during anchovy ripening. In the same 
figure the points calculated from equations ( 1) and (2), and the experimentally 
obtained values are plotted respectively. A  linear correlation can be observed,



R ip e n in g  o f  a n c h o v y 199

Figure 3. Total ester index vs sensory assessment. • ,  calculated from equations (1) 
and (2) given in the text; O, experimental results obtained during 1979 and 1980.

and as much as the resulting equation and the correlation coefficient are the 
sam e in both circumstances:

y =  0.3136. e° 5706x (r =  0.968)

w here y is the total ester index determination (gK O H /100 gCDW ) and x the 
organoleptic score.

T hese data support the total ester index determination as a valid proposition  
o f  an objective m ethod to follow and assess the process o f anchovy ripening in 
brine.

Acknowledgments

This work was partially supported by the Comisión de Investigaciones 
Científicas de la Provincia de B uenos Aires and by the Consejo Nacional de 
Investigaciones Científicas y Técnicas (CO NICET). B. Filsinger is a Research  
F ellow  o f  the CO NICET. The authors also thank Cristóbal Colón S. A . , Mar del 
Plata and Mr. D . Galperin in providing the facilities for the initial stages o f  
anchovy salting.

References

AO AC (1970) Official Methods of Analysis. Association of Official Agricultural Chemists. 11th 
ed., Washington.

Baldrati, G., Guidi, G., Pirazzoli, P. & Porreta, A. (1977) Industria Conserve. 52, 221.
Bellisio, N.B., López, R.B. & Torno, A. (1979) In: Peces Marinos Patagónicos, ed. Subsecretaría 

de Estado de Intereses Marítimos, p. 55, Codex Publishers, Buenos Aires.
Cheftel, H. (1965) In: Fish as food. ed. G. Borgstrom,p. 219, Vol3, Academic Press, New York.



200 B . F ils in g e r  e t  al.

E s t a b l i e r ,  R .  &  G u t i e r r e z ,  M .  ( 1 9 7 2 )  Investigación Pesquera. 3 6 ,  3 2 7 .

F i l s i n g e r ,  B . E . ,  Z u g a r r a m u r d i ,  A . ,  S á n c h e z ,  J . J . ,  T r u e c o ,  R . E .  &  L u p i n ,  H . M .  ( 1 9 7 7 )  La 
Alimentación Latinoamericana. 11, 2 6 .

H i m m e l b l a u ,  D . M .  ( 1 9 7 0 )  Process Analysis by Statistical Methods, p .  1 0 5 ,  J o h n  W i l e y  &  S o n s  

I n c . ,  N e w  Y o r k .

K e m p ,  M .  J .  ( 1 9 7 3 )  British Standard Institution, Tec. Rep. T 2 4 3 ,  L o n d o n .

K o n n o v a ,  A .  A .  ( 1 9 6 6 )  Izv. Vyssch. Ucheb. Zaved. Pishch. Tekhnoi, 2 , 5 4 .

L e e ,  J . G .  &  C h o e ,  W . K .  ( 1 9 7 4 )  Bull. Korean Fish Soc. 7 ,  1 0 5 .

M a t t o s ,  A . S . ,  T o r r e j o n ,  S . E . ,  G u s ,  P . L .  &  R o d r í g u e z ,  S .  J .  ( 1 9 7 7 )  Proc. of the Conference on the 
Handling, Processing and Marketing o f Tropical Fish, p .  2 5 7 .

P l o r i n a ,  A .  &  L e o n o v a ,  A . P .  ( 1 9 7 0 )  Tr. Balt. Nauch-Issled. Inst. Ryb. Khoz. 4, 4 3 1 .  

P o d e s z e w s k i ,  Z . ,  S t o d o l n i k ,  L .  &  O t t o ,  B .  ( 1 9 7 5 ) .  Bromatologia i Chemia Toksykologiczna. 8 ,  

1 9 1 .

S e d o v a ,  L . S .  &  E m e l ’y a n o v a ,  O . A .  ( 1 9 7 6 )  Izv. Vyssch. Ucheb. Zaved, Pishch. Tekhnoi. 3 , 1 4 8 .  

T h a c k a b e r r y ,  M .  J .  ( 1 9 7 9 )  Food Product Development. 1 3 , 7 4 .

{Received 25 A p ril 1981)



J. F d  T ech n o l. (1982) 17,201-210

Isohalic sorption isotherms
II. Use in the prediction of storage life of dried salted fish

R . G . P O U L T E R ,* P. E. D O E t a n d  JUNE O L L E Y i

Summary

Isohalic sorption isotherms o f cod (Gadus morrhua) are used, in conjunction  
with growth data for dun mould (Wallemia sebi), to predict the shelf life o f  dried 
salted fish in tropical climates. M easured shelf-lives o f several fish species 
processed  and stored by traditional m ethods are in agreement with the 
predictions.

Introduction

Isohalic sorption isotherm s for salted fish can be calculated from the known 
physical properties o f sodium chloride solutions and measured sorption  
characteristics o f the unsalted fish; good agreement between calculated and 
m easured m oisture and salt contents has been found for salted cod fillets 
equilibrated to different water activities, aw’s (D oe et al., 1982).

Fish processed in tropical climates by brining in salt solutions, or by dry­
salting, and subsequent drying is liable during storage to deteriorate through 
m ould grow th, in particular the dun mould (Wallemia sebi, syn. Sporendonema 
epizoum) (Trailer & Christian, 1978; Liston, 1980). This paper puts forward a 
m ethod  o f  calculating safe drying rates which prevent mould growth during 
drying and predicts storage times for dried fish under tropical conditions. A  
storage trial involving seven different tropical fish species was conducted at the 
Institute o f  Fish T echnology in Sri Lanka by one o f the authors (R .G .P .) in 
D ecem b er 1979 through to July 1980.

Authors’ addresses: "Tropical Products Institute, London, tDepartment of Mechanical 
Engineering, University of Tasmania, Hobart andtCSIRO, Tasmanian Food Research Unit, 
Hobart, Tasmania.
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Materials and methods

Fish species

Tilapia ( Tilapia mossambica), sprats (Stolephorus spp.), half beaks 
(.Hemirhamphus spp.), walaya (Wallago attu), leather skin (Chorinemus lysan), 
skate (Rajae spp.) and sardines (Sardinella spp.) were used in the storage trials.

Processing

Tilapia were processed either split along the backbone and scored, or gutted, 
skinned and salted whole. Salt was rubbed into the split fish. Both processes 
used 1 part salt to 3 parts fish and the salted fish were left in drums for 24 hr. The 
fish w ere washed and then sun-dried on the ground for 3 days. The split sample 
was further sun-dried for IV2 days after purchase. Walaya were gutted, roughly 
scored and salt rubbed into the flesh (3 :1 fish to salt). They were then brined, 
w ashed then sun-dried like tilapia. Sprats were salted whole in a cement tank 
(2 : 1 fish to salt) for 2 -3  hr, then washed and sun-dried on coconut leaf mats for
2 -3  days. H alf beaks were processed by placing whole fish (114 kg) together with 
salt (67 kg) and enough sea water to form a salt slurry in a cement tank for l - lV i  
hr, then sun-dried on coconut leaf mats for 2 days. Leather skins and skates were 
split, scored and placed in a cem ent tank with alternate layers of salt (1 0 :3 fish 
to salt). A fter 12 hr the fish were washed in sea water then sun-dried on palm  
leaves placed on the ground for 3 days.

C om m ercial samples o f smoked walaya and sardines were also purchased for 
storage trials. W alaya were split down the backbone and smoked without salting 
on racks T 5 m above a wood fire in a coconut thatched shed for 3 days. The 
sardines were gutted and scaled, then salted in 60% saturated brine for 4-5  hr. 
Fish w ere drained then hot-sm oked in a natural draught concrete kiln for 7 -8  hr.

A ll sam ples were processed within 7 days o f catching.

Proximate analysis

M oisture content, crude fat and crude protein were determined before 
storage. M oisture contents were found by drying 2-5  g samples in a convection  
oven  for 24 hr at 105°C. Crude fat was determined on previously dried samples 
by the Soxhlet m ethod using petroleum ether, b.p. 40-60cC. The standard 
m acro-K jeldahl technique was used to determine the nitrogen content; this was 
converted  to crude protein content by multiplying by 6.25.

In itia l quality o f samples

T he quality o f the fish species after processing varied from top quality (whole 
tilapia) to poor (skate, walaya). Texture in all species tended to be soft while
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odour was good except for skate which had a strong ammoniacal smell. There 
was no evidence o f m ould, pinking or beetles in any of the samples although split 
tilapia and half beaks had som e sand adhering to the flesh and there was much 
sand adhering to the sprats. Colour varied from light yellow-brown (tilapia) to 
silver-grey (half beaks). There was som e darkening o f the flesh around the 
backbone in the leather skin while the skate was discoloured and showed signs 
o f rancidity. W hole tilapia were also slightly rancid.

T he sm oked walaya samples had a bright appearance with good colour but 
w ere m oist in parts. The smoked sardines had a pleasant odour and appearance 
but were rather soft and fragile and many o f the fish therefore were partly 
dam aged.

Proxim ate analysis for each sample was determined by the standard methods 
(A O A C , 1965).

Storage conditions

T he seven sam ples o f dried salted fish and the two samples of smoked fish 
were stored under conditions similar to those found in commercial dry-fish 
stores in Sri Lanka. A t weekly intervals the quality o f the samples was assessed  
visually with particular attention being paid to the presence or absence of 
m ould, pinking, beetles, rancidity and putrefaction. Salt and moisture contents 
were determ ined at regular intervals during the trial. Relative humidity and 
tem perature in the storage rooms were measured using a recording hygrometer 
and/or a sling psychrometer.

T he split tilapia, sprats and half beaks were stored in a reasonably well- 
ventilated  room  with a simple asbestos roof. During the storage period 
(D ecem ber 1979-July 1980) there was a wide variation in relative humidity 
betw een  night and day and also from day to day; the extremes were 57 and 90%. 
T he range in temperature was 29-33°C. Leather skin, skate, whole tilapia and 
walaya w ere stored in a poorly-ventilated, enclosed room with a false ceiling and 
asbestos roof. During the storage period (March 1980-June 1980) the relative 
hum idity varied betw een 75 and 90% and the temperature from 30-33°C.

Water activity from  isohalic sorption isotherms

T here are several m ethods for measuring a  ̂ but none is suited to routine 
m easurem ents under field conditions. Drawbacks in the methods include the 
use o f  expensive, sophisticated equipm ent, complexity, long duration and 
inaccuracy (Troller & Christian, 1978). The determination o f the salt and 
m oisture contents o f fish samples, on the other hand, is fairly straight forward 
but, on  their ow n, these values do not give an indication of storage life, isohalic 
sorption isotherm s provide a means o f calculating the a  ̂ o f a particular sample 
from m easured salt and moisture contents. It has not been possible for the 
authors to determ ine isohalic sorption isotherms for the fish species used in the 
storage trials. Instead, the isotherms determined for cod (G. morrhua) (D oe et 
al., 1982) were used.
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Results

T he proxim ate analyses o f the processed fish samples before storage are given in 
T able 1. Table 2 is a summary o f the results o f the storage trials; the samples in 
the well-ventilated room were monitored for 26 weeks while the samples in the 
poorly-ventilated room were discarded, because o f spoilage, after £-13 weeks.

T he values o f o,v shown in Table 2 were calculated from the isohalic sorption 
isotherm s determ ined for cod; Fig. 1 shows these values plotted against time 
for each sample. The large variations o f with storage time for each species 
reflect the variations in air temperature and humidity in the store rooms. The

Table 1. Proximate analyses of processed fish 
used in storage trials. (% dry matter basis)

Protein Fat Ash Salt

Split tilapia 52.9 14.1 33.2 30.2
Whole tilapia 62.1 9.1 28.9 21.9
Sprats 56.2 5.6 39.3 16.2
Half beaks 62.6 10.1 27.4 18.2
Leather skin 60.3 1.9 37.8 33.1
Skate 57.9 1.3 40.8 35.3
Walaya (salted) 50.2 20.0 29.8 24.1
Walaya (smoked) 71.4 18.7 10.3 0.3
Sardines 66.0 11.1 22.9 16.5

Figure I. Times for visible colonies of dun mould Wallemia sebi at constant water 
activity with water activities of stored fish calculated from measured salt, moisture 
and fat contents and the isohalic sorption isotherms for salted cod.
Times to visible mould: O, Pitt & Hocking; • ,  Shewan.
Results of storage trials: □, No mould or beetles; ■, Mould; S, Beetles; B, Mould 
and beetles.
1 = Smoked walaya; 2 = Smoked sardines; 3 = Split tilapia; 4 = Whole tilapia.
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Table 2. Mass of water and salt in unit mass of wet fish

Storage
Time
(weeks)

Tilapia
(split)

Tilapia
(whole) Sprats Half beaks

Mw m 5 Mw Ms aw Mw Ms «w Mw Ms

1 0.359 0.215 0.75 0.398 0.121 0.80 0.233 0.110 0.72 0.309 0.130 0.74
3 0.328 0.225 0.75 0.241 0.109 0.72 0.238 0.143 0.73
4 0.381 0.134 0.76
5 0.273 0.205 0.74 0.403 0.133 0.76 0.225 0.109 0.71 0.217 0.127 0.71
6 0.191 0.212 0.72 0.181 0.115 0.69 0.159 0.126 0.66
7 0.250 0.199 0.74 0.418 0.116 0.82 0.185 0.117 0.69 0.186 0.132 0.70
8 0.178 0.210 0.71 0.153 0.123 0.65 0.151 0.134 0.66
9 0.167 0.266 0.72 0.143 0.128 0.63 0.151 0.140 0.66

10 0.167 0.230 0.71 0.441 0.123 0.82 0.191 0.183 0.70 0.174 0.123 0.69
11 0.167 0.202 0.71 0.204 0.115 0.70 0.175 0.150 0.69
12 0.120 0.256 0.66 0.405 0.150 0.75 0.184 0.119 0.69 0.155 0.130 0.66
13
15
17 0.381 0.151 0.75
20
22 0.220 0.208 0.72 0.307 0.104 0.76 0.281 0.114 0.74
23 0.297 0.147 0.74 0.320 0.092 0.79 0.290 0.109 0.74
26 0.227 0.169 0.73 0.363 0.091 0.83 0.340 0.089 0.82
28 0.302 0.163 0.74 0.351 0.108 0.79 0.320 0.102 0.76
33 0.199 0.216 0.72 0.372 0.118 0.79 0.369 0.113 0.80

Btora;
Time
week

ge Leatherskin Skate
Walaya
(salted)

Walaya
(smoked) Sardines

:s) Mw Ms «W Mw Ms Mw Ms Mw Ms Mw Ms

1 0.399 0.207 0.75 0.473 0.206 0.75 0.346 0. 149 0.75 0.280 0.002 0.96 0.362 0.106 0.81
3 0.375 0.230 0.75 0.417 0.204 0.75 0.120 0.002 0.76 0.365 0.111 0.80

-4 0.352 0. 151 0.75
_5 0.401 0.205 0.75 0.396 0.232 0.75 0.328 0. 118 0.75 0.120 0.003 0.76 0.300 0.082 0.80
16 0.062 0.004 0.31
7 0.390 0.210 0.75 0.412 0.231 0.75 0.419 0. 146 0.76 0.103 0.013 0.64 0.260 0.087 0.75
3 0.447 0.197 0.75 0.418 0.221 0.75 0.094 0.005 0.61 0.353 0.101 0.81
9 0.102 0.005 0.68 0.365 0.083 0.86
9 0.464 0.177 0.75 0.464 0.177 0.75 0.117 0.004 0.74
_ 0.108 0.003 0.71
D 0.097 0.006 0.61
- 0.371 0.086 0.85

0.371 0.091 0.84

0.375 0.109 0.81

Note: aw according to Isohalic Sorption Isotherm for dried salted cod (Doe etal., 1982). 
Values of Mh calculated from Mb = 1.0-M^-M,,.
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W ate r activity, a w 0.95 0.90 0.85 0.80 0.75 0.70 0.65
T im e to  1 mm diam . colony (days) 1.68* 1.92* 3.92* 10.2* 38* lOOt 450t

*(P itt & H ocking, pers. com m .). 
t(S h ew an , 1953).

curve fitted through the data is the growth times from Table 3, for visible 
colon ies o f W. sebi. M ost o f the samples with an aw above the curve had mould; 
the sam ples above the curve which did not develop mould were the smoked  
sam ples (walaya and sardines) and the split tilapia which were infested with 
beetles after 3 w eeks storage. The only other mould-free sample above the curve 
is the w hole tilapia which after 28 days storage had discoloration typical of 
rancid sam ples and som e surface dampness; it became mouldy during the next 7 
days at the same aw.

In all cases the fish samples with an lying below  the curve in Fig. 1 had no 
m ould.

Discussion

T he isohalic sorption isotherms were obtained from measurements on thin slices 
o f fish under equilibrium conditions. H owever, it must be recognized that there 
are significant spatial variations in moisture and salt contents in dried salted fish; 
the salt and m oisture content data in Table 2 are mean values for whole or split 
fish. M ould growth is a surface phenom enon. In most cases the surface o f dried 
fish is drier than the interior; values determined from the isohalic sorption 
isotherm s using m ean moisture and salt contents will be higher than the actual a* 
at the surface and hence err on the safe side so far as mould growth is concerned. 
H ow ever under conditions o f rehydration at high humidities, or when  
condensation  occurs within packaging due to a rapid fall in temperature, the 
reverse can apply; this underlines the desirability o f controlling the temperature 
and hum idity in storehouses. A nother effect is the tendency o f salt to diffuse to 
the surface o f dried salted fish (Young etal., 1973). This causes an increase in the 
salt content at the surface and thus lowers the aw at the surface below that 
predicted from the mean salt content o f the whole fish.

T he effect o f  fat content on sorption behaviour is known. Fat has an indirect 
effect as it does not contain much water but adds to the total mass o f the fish 
(L eistner, 1976; Iglesias & Chirife, 1977). If moisture content is expressed on a 
w et w eight basis, the sorption isotherms will vary with the fat content, but by 
expressing m oisture and salt contents on a fat-free dry matter basis the sorption 
isotherm s are not fat-dependent.

U npackaged dried salted fish will absorb moisture from the atmosphere when  
the relative humidity o f the air in contact with the fish exceeds the aw of the fish.
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Drying time (days)
Figure 2. C urves showing maximum limits of m oisture content at different times for 
no  m ould  to  appear during drying together with a drying curve recorded for fish in 
B ang ladesh . ■ • • • =  m ost likely first contact betw een actual and safe drying tim es; - - 
- =  Fish dried  in B angladesh (not salted).

T he isohalic sorption isotherm can be used to predict the storage life when 
adverse storage conditions cause an increase in the moisture content o f the fish. 
For exam ple, using the isohalic sorption isotherms for cod, presented as Fig. 2 in 
the previous paper (D o e etal., 1982), an increase in moisture content from 20 to 
30% dry basis (i.e . an increase o f M J M b from 0.2 to 0.3) would increase the aw of 
unsalted fish from 0.69 to 0.83; fish with a salt solids content of 10% (MJ 
M h — 0 .1 ) w ould have an a* of 0.73. A ll fish with a higher salt content would have 
an a* o f  0.69. Similarly an increase from 30 to 40% moisture content would 
change the a* from 0.73 to 0.81 in fish with 10% salt content and from 0.69 to 
0.72 in fish with 20% salt content. A ll fish with salt contents above 25% would  
have ana,, o f 0.74.

Safe drying and storage times for fish subject to microbial spoilage can be 
calculated if the response o f the relevant micro-organisms to aw is known. The 
red obligate halophiles (Halobacterium and Halococcus), which will grow at an 
a w o f  0 .75, are best prevented by hygiene -  the most effective disinfectant for the 
drying prem ises being fresh water (Lupin, 1978).

Conclusions

T he results o f  storage trials o f several tropical fish species are in broad 
agreem ent with storage life predictions derived by using the isohalic sorption 
isotherm  for cod together with growth times for dun mould.
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It m ust be acknowledged that the storage life o f dried salted fish is affected by 
m any factors that have not been taken into account in this study and probably 
cannot be taken into acount. Further experimental work is necessary to 
establish the differences between isohalic sorption isotherms o f different fish 
species.

A  m ethod for predicting whether or not mould will develop during drying and 
storage is presented in the Appendix. There are no existing experimental data 
on which to test the accuracy o f this method.

O ne specific conclusion that can be drawn in respect o f storage life o f salted 
fish with a m oisture content in excess o f 50% (dry basis) is that it is unlikely to 
exceed  28 days, since the a„ at this and higher moisture contents will be greater 
than 0.75 regardless o f salt content. H ence storage life in excess o f 28 days can 
only be achieved by reducing the moisture content below 50%.
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The prediction o f safe drying rates. The growth times in Table 3 are for constant 
values o f a w. During drying the moisture content and hence the aw falls 
progressively. Fish dried to a particular a w, say 0.8, over a period o f 10.2 days 
w ould  have been at a higher a w for all o f this period and hence would have 
spoiled. In order to ensure that spoilage does not occur during drying it is 
necessary that the integral o f the aw with respect to time must be less than the 
product o f the a f  s and times given in Table 3, namely

w here a w is the water activity o f the fish during drying and a l is the value o f the 
(constant) water activity at which growth will occur after a time t as given in

In order to find a mathematical expression for a l a curve was fitted to the data 
in T able 3. The curve had two distinct parts

Appendix

(A l)

T able 3.

a l  =  1.0, for 0 <  r <  1.5 (A 2)
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Thus there is no growth o f mould for IV2 days when the water activity is 1.0. 

a* =  0 .6 3 + 0 .3 7  exp [—0.381 ( t - 1 .5 )1/3] , fo r t >  1-5 (A 3)

B esides being a good fit to the data o f Table 3, this curve has a number of  
features which tally with the known behaviour o f mould growth. The curve 
provides that there is no mould growth at flw< 0  .63; there is an incubation 
period o f  1.5 days at an aw o f  1.0 before moulds are visible.

T he formula for a l given by equation A3 with t>  1.5 enables a functional 
form  o f  aw to be found by differentiating equation A l ,  thus

a* =£ (a l t) (A 4)

giving

aw <  a * - 0 .0 4 7 ( t - 1 .5 ) 1/3 e x p [ -0 .3 8 1 ( t -1 .5 ) ,/:!] (A 5)

B y  applying the isohalic sorption isotherms for cod (D oe et al., 1982) to the aw 
tim e relation o f equation A 5, the series o f curves o f moisture content against 
tim e for different salt contents, shown in Fig. 2, were developed. The 
significance o f these curves is that they represent for each salt content the 
m axim um  drying times before mould growth is visible. Fish dried so that its 
drying curve (m oisture content against time) intersects the particular curve in 
Fig. 2 corresponding to the salt content o f the fish will spoil through mould 
growth.

Point A  on Fig. 2 represents the point on the isohalic sorption isotherms 
w here the aw is 0.75. Fish which is not dried to this point (moisture content 
M J M b =  0 .8 ) within 11.5 days will spoil through mould growth; an increase in 
the salt content will not prevent this spoilage as point A  is com mon to all the 
curves o f  salt content above MJMb =  0.4. Thus there is nothing to be gained by 
increasing the salt content o f the fish if the drying rate is too slow.

P lotted  on  Fig. 2 is a drying curve for a large fish (G olden Conger E el, 
Muraenesox talabonoides) dried by the traditional sun-drying m ethod in 
B angladesh  (D o e  et al., 1977). It can be seen that the drying curve just intersects 
the safe drying curve for a salt content MJMb =  0.4, indicating that the fish 
w ould  need  this salt content to prevent m ould growth during drying. A lso shown  
in Fig. 2 are the critical points (joined by a dotted line) on the theoretical safe 
drying curve for each salt content. These are the points where under reasonably 
constant drying conditions a typical drying curve for fish with the given salt 
content w ould be likely to just touch but not intersect the safe drying curve; the 
fish w ould  therefore just be protected from mould growth during the whole of 
the drying period. The moisture contents and drying times given by these critical 
points can thus be used as a rough guide to determine the drying rates necessary 
to  avoid m ould growth. For exam ple, if a fish with a salt content MJMb =  0.4 is 
dried at a rate such that the moisture content falls to M JM b =  1.7 (63%  
m oisture content w et basis) or below  within 2Vi days (i.e. the critical point on 
the safe drying curve) it is unlikely that mould will occur during the drying
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Table 4. R ough guide to  drying times necessary to  prevent mould 
grow th during drying in cod dried under reasonably constant 
conditions

M oisture conten t(% )

Salt co n ten t (MJMb) Tim e (days) D ry  basis 
(% )

W et basis
( %)

1.0 5.3 3.25 77
0.8 4 2.85 74
0.6 3 2.4 71
0.4 2.5 1.8 64
0.2 2 1.05 51
0.1 1.8 0.7 41
0.05 (unbrined) 1.7 0.6 38

period. The corresponding times and moisture contents for other salt contents 
are given in Table 4.
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The application of technology to the processing of dry-salted 
fish in peninsular Malaysia: comparison of sun-dried and 
oven-dried fish

S .Y . Y U ,*  C.L. SIA W  AND A .Z . ID R U S f

Summary

Investigation o f processing o f dry-salted fish is described. The use o f a 
satisfactory ratio o f salt to fish, optimization o f salting time and the use o f  
m echanical driers to reduce drying time, insect infestation and microbial 
spoilage w ere investigated. Results indicated that oven-dried fish salted at 10% 
and 20%  levels were m ost acceptable. The corresponding sun-dried samples had 
an undesirable odour, flavour and texture due to their higher moisture contents. 
A t the 30% and 40% salt levels for both processes, the differences were less 
pronounced, but the samples that were sun-dried were more acceptable mainly 
as a result o f a better appearance.

Introduction

T he technique o f salting and drying fish has been used for a long time in 
M alaysia. Fish provides approximately 49% o f the total animal protein  
consum ed and 12% o f the total protein intake. A bout 5-10%  of the total catch 
landed  in the 1970s were salted and dried. O n a finished product basis this 
am ounts to 77% o f the total edible output o f processed fish (Abdullah & Idrus,
1978). Dry-salted fish forms a relatively cheap source o f high-quality protein  
especially  for those residing in the rural areas.

T he techniques involved in salting and drying in Malaysia are rather simple. 
E xcept for the concrete vats for salting and the bamboo or wooden platforms for 
sun drying, no other equipm ent is used. The fish are usually washed before 
salting and for big fish like red snapper (Lutianus spp.) and cat fish (Tachysurus

A u th o rs ’ addresses: ‘ D epartm en t o f Food  Science & Technology, U niversity o f A griculture, 
Serdang , Selangor, M alaysia, and tM alaysian  A gricultural R esearch & D evelopm ent Institute, 
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Kanagurta), the gills and gut contents are removed, whilst smaller fish such as 
herring and scad are not eviscerated. After evisceration, the fish may or may not 
be split along the dorsal line. The eviscerated fish is usually not cleaned before 
salting. The amount o f salt used and the salting and drying times depend on the 
size o f the fish. (Siaw & Yu, 1978).

Salting is carried out in concrete vats by arranging the fish in alternate layers 
with coarse rock salt. In order to prevent the fish from floating, weights are 
placed on the surface. The vats are housed within sheds to avoid excessive sun 
and rain and the length o f salting times ranges from 1 to 5 days. W hen salting is 
com plete the fish are removed and washed in the sea or brackish water to 
rem ove adhering salt. Som etim es the fish are soaked for 10-30 min to remove 
excess salt.

Sun-drying is the com m on practice and no mechanical driers or any other 
forms o f accelerated drying m ethods are used. The fish are spread out on 
bam boo platforms or on the ground and are arranged so as to facilitate drying. 
Bigger fish are split open and flattened out and may be hung by the tail to dry for 
a day before being transferred to the drying platforms. In some areas along the 
east coast, pepper is rubbed into the gut cavity and cut surface of the fish to 
prevent spoilage. This procedure is only carried out for fish that will fetch a good  
price. O n the west coast, powdered alum is used instead. Insect infestation  
becom es m ore serious in damp weather.

D uring drying the fish are turned over once or twice daily. Processors detect 
the stage o f drying usually by pressing the fish with the hand, by judging the 
colour and appearance o f the skin and by the condition of the eye. If the eye is 
clear and not watery, then the fish is considered sufficiently dried. In the last 
stage o f processing, the dried fish are packed into cardboard boxes which may be 
lined with polythene sheets before dispatch to the wholesaler. Storage 
conditions are poor and no attempts are made to maintain the quality o f the fish 
during transit.

T he lack o f technology associated with the production o f dry-salted fish in 
M alaysia m eans that the products are very often o f poor quality. In addition the 
poor quality o f the salt used often imparts a rough, whitish crust to the surface o f  
the fish, undesirable brown discolouration and gives rise to unpleasant bitter 
flavours and tough texture (F .A .O . Fisheries Circular 336, 1976). Bacteria 
which contribute to spoilage in dry-salted fish cannot survive below a water 
activity (nw) o f 0.75 (Beatty & Fougere, 1957). Malaysian dry-salted fish have 
0 .7 5 -0 .8 6  aw (Siaw & Y u, 1978). In a hot, damp tropical climate (average 
tem perature 26-28°C , with a relative humidity reaching 96-97% ) dry-salted fish 
are highly susceptible to spoilage by either micro-organisms or infestation by 
flies. During the drying stage, no precautions are taken to prevent insect 
infestation so that flies lay eggs and subsequently the larvae tunnel into the flesh 
causing putrefaction and extensive damage.

Failure to recognize that poor fish make poor products of any kind is a 
com m on error among fish processors in Malaysia. Usually, fish considered to be 
unsuitable for distribution as fresh fish are diverted to the salting and drying 
process.
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This study has been undertaken in an attempt to upgrade the quality of 
dry-salted fish produced in Malaysia and in particular to determine a satisfactory 
ratio o f  salt to fish used, to optimize salting time and to make use o f mechanical 
driers in order to reduce drying tim e, insect infestation and spoilage due to 
m oulds and bacteria.

Materials and methods

Raw materials

T he species Johnius soldado, locally known as ‘gelama’, was used, as it is the 
m ost com m only available dry-salted fish. The fish (average thickness 4 cm, 
average w eight 60-65 gm ) were purchased fresh from the market and used for 
salting on the same day. Fine table salt was used.

Chemical analysis

O nly the fish fillet which had been finely ground was used for analysis. Crude 
protein  (N X 6.25) was determined by the Kjeldahl method (Pearson, 1970). 
Crude fat was m easured by the Soxhlet m ethod using petroleum ether and 
sodium  chloride (chloride ions) by the precipitation method (Pearson, 1970). 
Salt analysis was carried out using the modified method o f Kam, Bauntlett and 
Sm ith (1964). M oisture content was determined using the oven m ethod o f  
Pearson (1970).

Salting

The fish were descaled, eviscerated and washed in clean water. They 
w ere then placed in alternate layers with salt in a salting vat 
(61 cm x  41 cm x  15 cm) and then covered with a plastic sheet and stored at 
room  tem perature (24°C). Salt ratio’s o f 1 0 ,2 0 ,3 0  and 40% (w/w) were used. A t 
predeterm ined intervals samples were taken for analysis o f salt and moisture.

Drying

For sun-drying, the fishes were dried to constant weight by suspending by the 
tails from hooks inside a drying chamber, consisting o f racks supported by a 
m etal frame covered with wire mesh. The fish were kept at a distance 15 cm 
apart in a staggered formation to ensure efficient circulation o f air. The average 
tem perature o f the atm osphere during the drying period was 26.7°C and the 
relative hum idity was 95.9% . Average wind speed was 1 m/sec. The oven-dried  
fishes w ere dried in a forced-air cabinet drier (A pex, U .K .) at 45°C using an air 
speed  o f  2.5 m /sec. The fish were placed on their sides on wire mesh and were 
turned over frequently for more uniform drying. The dried fishes were kept in 
sealed  polyethylene bags until ready for sensory evaluation.
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Sensory evaluation

A  total o f  thirteen experienced panelists were chosen as assessors. The fish 
w ere cut into cubes (1.5 cm x  1.5 cm x 1 cm) and fried in vegetable oil at 200°C 
for 2 -3  min before tasting. The panel was asked to assess the appearance, 
texture, flavour, presence o f undesirable odour and overall acceptability o f the 
sam ples using a hedonic rating scale o f a maximum o f five points for a favourable 
response. A ll samples were identified only by random numbers. The results 
were analysed using the Least Significant Difference method.

Results

Salting

Fig. 1 shows that samples with lower salt content (10 and 20% ) took 24 hr to 
reach a constant salt level. Those in the 30 and 40% salt ranges took over 36 hr. 
T he results also indicate that the maximum level of salt is attained in samples 
w here 30% salt was used, and that 30 and 40% treatments result in equal salt 
levels in the product. Moisture losses were highest for the 30 and 40% salt 
sam ples (Fig. 2). A ll samples showed increasing moisture loss until a constant 
level was reached.

Drying

O ne o f the problems encountered during sun-drying was the fluctuation in 
w eather conditions. G enerally, the sun-dried samples took much longer to dry, 
taking almost 40 hr o f sunshine to reach a constant moisture level (Figs 3 and 4). 
O n an average day only 5.75 hr o f sunshine was available for drying. The 
average temperature during the drying period was 26.7°C. By using a forced-air

Sa l t ing  t im e  (hr)

Figure 1. E ffe c t  o f  d ifferen t sa lt lev e ls  and sa ltin g  tim e on  th e  sa lt co n te n t o f  Johnius 
P. Soldade. ♦  , 40%  salt; O ,  30%  salt; O , 20%  salt; • ,  10%  salt.
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Salting time (hr)

Figure 2. Effect of different salt levels and salting time on the percentage moisture of 
Johnius P. Soldade. O  , 40% salt; ♦ ,  30% salt; O, 20% salt; •  , 10% salt.

80 r

Figure 3. Effect of sun-drying at different salt levels on the moisture content of 
Johnius P. Soldade. 0 ,40% salt; ♦ ,  30% salt, O, 20% salt; • ,  10% salt.

Figure 4. Effect of oven-drying at different salt levels on the moisture content of 
Johnius P. Soldade. 0 ,40% sa lt;^ , 30% salt; O, 20% salt; • ,  10% salt.



dehydrator, the moisture content in the fish could be reduced to 18-21%  in 8 hr 
(Fig. 4).

Sensory evaluation

From Table 1, the 20% salted, oven-dried sample was judged to be the most 
acceptable, follow ed by the 10% salted, oven-dried sam ples.O f the oven-dried  
sam ples the two containing greater than 20% salt were less acceptable. These 
tw o sam ples (30 and 40% salt treated) had total scores which were significantly 
different com pared to the 20% salted sample (Table 2). Table 1 also shows that
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Table 1. Statistical analysis of the scores by Friedman’s two way analysis of variance by rank

Salt
content (%) Appearance Texture Flavour

Undesirable
odour Acceptability

Total
score

Oven-dried
10 42 38 36 50 44 210
20 44 46 47 48 47 232
30 36 36 34 48 36 190
40 31 33 32 45 32 173

Sun-dried
10 34 28 29 31 29 151
20 36 24 33 34 39 166
30 44 33 41 45 43 206
40 40 33 34 46 37 190

XL 14.113* 14.182* 14.244* 19.192** 17.647* 19.637**

*P = 5% 
**P = 1%

Table 2. Inter-sample comparison of total scores by the least square 
significant difference (LSD) method

Sun-dried Oven-dried
Salt ------------------------- - -------------------------------
content (%) 10 20 30 40 10 20 30 40

Sun-dried
10 0 1.15 4.32t 3.0 4.53+ 6.23+ 3.0* 1.69
20 0 3.08t 1.85 3.38* 5.08+ 1.85 0.54
30 0 1.23 0.3 2.0 1.23 2.54
40 0 1.53 3.23* 0 1.31

Oven-dried
10 0 1.7 1.53 2.84
20 0 3.23* 4.84
30 0 1.31
40 0

+LSD at 1% level = 3.647 
*LSD at 5% level = 2.755
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o f  the sun-dried samples the 30% salted fish was the most acceptable, followed  
by the 40% salted sample. Samples salted at 10 and 20% were the least 
acceptable. On a salt basis, samples salted at the same salt level contained  
similar levels o f  salt irrespective o f the m ethod o f drying (Table 3). H owever, 
their m oisture contents varied widely. The oven-dried fishes were more 
consistent as regards moisture content, whereas sun-dried samples generally 
had higher m oisture contents. This is especially evident for the two samples with 
low er salt contents. Texture scores were also lowest for these two samples.

T able 3. Moisture and salt contents of dry-salted 
fish

Salt level (%)
Moisture 
content (%)

Salt
content (%) 
of fish

Oven-dried
10 20.95 10.52
20 20.00 12.02
30 18.00 20.59
40 19.50 20.69

Sun-dried
10 38.00 9.70
20 29.00 12.60
30 24.00 19.20
40 24.00 19.80

Discussion

O ven-dried sam ples salted at 10 and 20% were the most popular (Table 1). 
T hose oven-dried at higher salt concentrations were less acceptable mainly due 
to the salt level causing an unattractive appearance and undesirable texture and 
flavour. H ow ever, variation in salt content o f dry-salted fish can be accepted  
provided that moisture levels are kept low. This is exemplified by the sun-dried 
sam ples at the 10 and 20% salt levels, where, although the salt levels are low, 
m oisture levels are high compared to the corresponding oven-dried samples 
(T able 3). T he high moisture levels in these two sun-dried samples favour the 
developm ent o f undesirable characteristics such as bad odour and flavour both 
o f which are reflected in the scores for the samples (Table 1). In comparison, 
sun-dried sam ples with high salt content did not have bad odour or flavour due 
to  inhibition o f microbial growth. The texture o f the 10 and 20% sun-dried fish 
was also adversely affected by their higher moisture contents.

A t the 30 and 40% salt level for both processes, samples that were sun-dried 
w ere m ore acceptable (Table 3) mainly as a result o f better appearance and a 
lesser dehydrating effect since the sun-dried samples contained more moisture.

15
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T he high relative humidity in Malaysia (average o f 95.9% during the 
experim ental period) does not allow natural drying to proceed to a satisfactory 
low  m oisture level. In addition, the average temperature during the drying 
period was only 26 .7°C and the average number o f hours of sunshine per day was
5.75. A ll these factors lengthen the drying time considerably, so that spoilage 
and insect infestation becom es com mon. A ll the sun-dried samples have a 
higher final m oisture content that the oven-dried samples. The samples with 
low er salt contents contain more moisture as the presence o f a higher 
concentration o f salt in the 30 and 40% salted samples aids in increased water 
rem oval.

In M alaysia, the frequent rain and varied, humid climate limit application of 
the conventional sun-drying m ethod as the product is subject to the vagaries o f  
the weather. D ependence on sun-drying may result in excessive spoilage as the 
tim e required for drying is too long. The results show that the use o f controlled  
environm ent would be desirable to process for a uniform dry-salted product.

A ttem pts to improve quality could begin with the use o f better quality salt and 
m ore controlled salting concentrations and times. Naturally any form o f a 
m echanized  drying would involve higher initial investment costs. It is suggested  
that fairly sim ple pieces o f equipment be em ployed to make the product better 
and therefore m ore marketable. For exam ple, fairly cheap tunnel dryers have 
b een  used successfully in som e tropical countries (W aterman, 1976).

A lthough  the sun and the wind are not easily controllable, the source o f  
energy is undeniably cheap. A s such current research has been geared towards 
m ore efficient utilization o f solar energy, it is not possible presently to predict 
costs o f  using solar driers and the possibilities o f the simplest types should be 
exam ined instead o f  elaborate istallations.
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Effects of water blanching on pea seeds
II. Changes in vitamin C content

J. D . SE L M A N * and  E. J. ROLFE

Summary

Laboratory scale experim ents were conducted to elucidate the main 
m echanism s responsible for changes in the proportions o f ascorbic acid (A A )  
and dehydroascorbic acid (D H A ) in peas during water blanching. Studies 
utilized hand-harvested peas from specially grown Dark Skinned Perfection 
(DSP), Swan and Swift cultivars. The influence o f pea size/maturity, blanch 
tim e and dam age to the pea were studied over the temperature range 35-97°C.

W ith increasing DSP pea size/maturity, the proportion o f A A  oxidized  
increased, and the proportion o f A A  leached into the water decreased when 
blanching betw een  45 and 65°C. Maximum A A  oxidation occurred at 60°C and 
leaching becam e the prime m ode o f loss above 70°C. Leaching o f A A  from d sp  
peas increased alm ost linearly from 40 to 97°C.

D am aging peas by bruising and slitting the testa, induced enhanced A A  
oxidation below  60°C and allowed immediate leaching o f vitamin C largely as 
D H A  even  at the lowest blanch temperatures. Results suggested that the 
oxygen content o f the tissues was a factor limiting the amount o f A  A  oxidation. 
Cultivars Swift and Swan contained higher proportions o f DFIA particularly in 
the testa tissues, and calculations indicated that greater proportions o f vitamin C 
were leached as D H A . A  negligible proportion o f A A  was oxidized and som e 
28%  o f the initial A A  was leached into the water when undamaged DSP peas 
w ere blanched at 97°C for 1 min. Bruised plus slit peas lost significantly more 
A A  than undam aged peas when blanched at 97°C. Further evidence indicated 
that the micropyle serves as a major pathway for leaching losses.

Introduction

Several workers have shown that a more com plete picture of the effects of 
cook ing  and storage o f various vegetables may be obtained by studying both the
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reduced and oxidized forms o f vitamin C and its degradation product 2,3- 
diketogulonic acid (D K A ), e.g . Dietrich et al. (1957). Peas contain relatively 
large amounts o f vitamin C, but few o f the studies o f the effects o f preservation 
operations on the content o f vitamin C have included both forms o f the vitamin 
(L ee , 1958; Lynch, M itchell & Casimer, 1959) and many results are 
unsatisfactory in various respects (Selman, 1978).

This work investigates som e o f the effects o f blanching peas in water under 
carefully controlled conditions on the net changes in the ascorbic acid (A A ) and 
dehydroascorbic acid (D H A ) contents, and also the effect o f simulated 
harvesting damage to the pea on those changes. This paper follows related 
studies on the variation o f the vitamin C content o f peas during maturation 
(Selm an & R olfe , 1979a) and the effects o f blanching on the losses o f water and 
solutes from peas o f the DSP cultivar (Selman & R olfe, 1979b).

Materials and methods

Plant material

H and-harvested samples o f peas were carefully selected from specially grown 
w rinkled-seeded varieties o f Dark Skinned Perfection (DSP), Swan and Swift 
peas in 1974 as described previously (Selman & R olfe, 1979a). The peas were 
graded into three sizes, to give a selection o f maturity, according to the smallest 
diam eter: (1) undersize, less than 8.75 mm, (2) standard size 8 .75-10.20  
mm  (optim um  maturity for freezing) and (3) oversize, greater than 10.20 mm. 
T he graded peas were divided into samples o f fixed number (40) and weight o f 
peas (c. 20 g). D ata for the mean pea weight, percentage dry solids, percentage 
alcohol insoluble solids and initial total vitamin C content (A A + D H A ) for the 
grades and cultivars are shown in Table 1.

T able 1. Data for mean pea weight, percentage dry solids content, maturity index and initial total 
vitamin C content of the pea sizes and cultivars studied.

Pea sample
Mean pea 
weight (g)

Dry
solids (%) 
(cr = 0.41)

Maturity index
Initial total 
Vitamin C 
content
(mg/100 g fresh 
weight) (cr= 1.9)

Alcohol 
insoluble 
solids (%) 
(a = 0.22)

Equivalent
Tenderometer
reading

DSP standard size* 0.50 21.3 11.1 104 35.6
DSP undersize 0.31 19.1 8.7 83 45.8
DSP oversize 0.69 25.7 17.7 157 21.0
Swan standard size 0.41 21.9 12.9 — 42.8
Swift standard size 0.38 21.9 11.9 — 42.9

*DSP -  Dark Skinned Perfection.
cr = standard deviation of 10 replicate samples.
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Analytical procedures

T he m ethods used to determine the dry solids content, maturity index and 
total vitamin C content o f whole and separated peas, together with typical 
intersam ple variations, have been described previously (Selman & R olfe, 
1979a). T he vitamin C content o f the blanch water was estimated using 25 ml 
aliquots o f  the prepared blanch water solution. The initial contents o f A A  and 
D H A  in the w hole pea were determined before blanching. After blanching, the 
residual A A  and D H A  in the pea, and the A A  and D H A  then present in the 
blanch water were determ ined. T he resulting D K A  residing in the pea plus 
blanch water was calculated by difference, i.e . no estimate was made o f the 
proportions o f  D H A  hydrolyzed to D K A  in the pea tissues and blanch water.

Blanching

T he standard m ethod described by Selman and R olfe (1979b) was used. 
A gain , a post-blanch cooling operation was excluded. A fter the required blanch 
tim e, the peas w ere sieved out over a funnel and the blanch water collected in an 
ice-coo led  100 ml volum etric flask. This solution was made up to the mark with 
ice-coo led  3% metaphosphoric-8%  acetic acid solution to stabilize the vitamin 
C prior to estim ation. The peas were cooled directly in 50 ml o f this 
m etaphosphoric-acetic acid solution ready for vitamin C extraction.

A  summary o f the apparent net changes in the A A  and D H A  contents in the 
peas and blanch water as a result o f blanching is shown in Fig. 1.

Figure 1. Net changes in the ascorbic acid (AA) and dehydroascorbic acid (DHA)
oxidation

contents of whole peas after blanching in water. Basic reaction: AA =  DHA 
hydrolysis

—* 2,3-diketogulonic acid (DKA) and further breakdown products. Where
initial total vitamin C (AA+DHA) in pea is taken to be 100%, then initial total 
vitamin C in pea before blanching l+2=3+4+5+6+7 in pea and water after 
blanching. The proportion of DHA hydrolyzed to DKA (and further breakdown 
products) was calculated thus: 7 = (1+2)—(1+4+5+6) and the proportion of AA 
oxidized to DHA was similarly calculated thus: 1 —(3+5) = (4+6+7)—2. Where 
appropriate these numbers are indicated on subsequent figures.
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Harvesting damage

Three sorts o f damage were chosen. Standard size DSP pea samples were 
dam aged to produce slit, bruised or bruised plus slit peas as described previously 
(Selm an & R olfe, 1979b).

Experiments and results

Temperature o f blanching

Sam ples o f standard size peas were blanched at different temperatures for 10 
min and the resulting A A  contents o f the peas and blanch water were 
determ ined. A  uniform time o f 10 min was chosen to induce measurable changes 
especially at the lower temperatures. The A A  oxidized was calculated by 
difference and the results for DSP peas harvested in 1974 are shown in Fig. 2. 
T his pattern was very similar to that exhibited by DSP peas harvested in 1973, but 
then the maximum oxidation occurred when blanching at 50°C (Birch et a l, 
1974). The rate o f  heat transfer into the pea will be critical as there is always a 
finite tim e-lag, during which the temperature at the centre o f the pea reaches 
that o f  the blanching medium. Assum ing the rate o f  heat transfer was similar in 
all cases, the difference betw een the temperatures of maximum A A  oxidation in 
1973 and 1974 peas may have been due in part to the greater concentration of 
A A  in the cotyledons o f 1974 peas, particularly as the rate o f temperature rise 
w ould have been slowest in the central cotyledon tissues o f the pea (Selman &

Figure 2. Standard size DSP peas. Proportions of ascorbic acid (AA) expressed as a 
percentage of the initial ascorbic acid content, remaining in the pea, oxidized, and 
lost into the water after 10 min at the given blanch temperature. (Means of two 
replicate samples); O, A A in pea (3); A A oxidized 1 -  (3+5); x , A A in water (5).
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R o lfe , 1979a). In both cases the temperature o f maximum A  A  oxidation was 
higher than the optimum temperature o f 40°C observed for the extracted A A  
oxidase enzym e (Birch et al., 1974), and suggested that som e factor other than 
tem perature was limiting the rate o f A  A  oxidation.

T he oxidation o f A A  requires the presence o f oxygen and the access o f the 
oxidase enzym es to the A A  in the cells. The effect o f raising temperature will 
be to prom ote initially the activity o f the enzymes up to an optimum, followed  
by denaturation o f the enzym es. A lso  the cell membranes will be disorganized 
and both oxygen dissolved in solution together with intercellular oxygen will 
tend to be driven out o f the tissues. A s at least som e A A  oxidase is known to be 
present in or associated with the cell wall, the extent o f tissue disorganization 
will be an important influencing factor.

M em brane disorganization occurs at around 45-50°C, and the temperature o f 
m axim um  A  A  oxidation occurs above this at around 55-65°C. Leaching o f A  A  
increased alm ost linearly with time over the temperature range 45-97°C, 
although betw een 55-65°C there is som e indication that A A  oxidation is 
occurring so rapidly that less A A  is available to be leached. Negligible losses of 
A  A  w ere recorded below  40°C where cells were still intact.

T he am ount o f  A A  oxidized was considerably less than would have been  
expected  from the activity o f the extracted A  A  oxidase enzyme. It was 
calculated approxim ately that the activity o f the A A  oxidase in a pea macerate 
was about fifty to sixty times greater than the activity observed in the whole pea. 
O ther workers have found that the full potential o f many oxidase enzym es is not 
realized in vivo (M apson, 1958). Such a phenom enon may be due to the spatial 
separation o f the enzym e and substrate, and the presence o f substances 
m odifying the action o f enzym es such as hydrogen peroxide. The slow diffusion  
o f gases through the pea testa may well influence the activity o f oxidase enzym es 
by restricting the availability o f oxygen in the tissues.

(1) E ffect o f pea size and maturity. Samples o f the three defined size grades of 
DSP peas were blanched for 10 min at temperatures between 35-70°C. This 
tem perature range was chosen because the main changes influencing the 
proportions and locations o f the A A , D H A  and D K A  appeared to occur below  
70°C; for exam ple A  A  oxidase is largely inactivated at temperatures above 70°C 
(Birch et al., 1974). The A A  and D H A  contents o f the peas and blanch water 
were determ ined after blanching. The D H A  hydrolyzed to D K A  was calculated 
by difference. R esults for standard size, undersize and oversize peas are shown  
in Figs 3, 4 and 5 respectively.

Standard size. Figure 3 shows that blanching up to 45°C resulted only in small 
losses o f  vitamin C. From 45-65°C the vitamin C content fell continuously. A A  
was lost by both oxidation and leaching, oxidation being the major means up to 
65°C. A t higher temperatures resulting in more rapid enzyme inactivation and 
cell disorganization, leaching o f A A  becam e the main m ode o f loss. Subject to 
experim ental error, the pattern o f changes indicate that A A  was oxidized to 
D H A  within the tissues at a rate that was higher than the rate o f leaching in the 
range 45-65°C . A b ove 65°C, the oxidase enzym es were inactivated so that more
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Blanch temperature °C

Figure 3. Standard size DSP peas. Proportions of ascorbic acid (AA) and 
dehydroascorbic acid (DHA) expressed as a percentage of the initial total vitamin C 
content, remaining in the pea, lost into the water and the DHA hydrolyzed, after 10 
min at the given blanch temperature. (Means of two replicate samples); V, total 
vitamin C in pea (3+4); O, AA in pea (3); □, DHA hydrolyzed (7); x, AA in water 
(5); +, DHA in water (6).

A  A  was available to be leached out, the rate o f leaching also increasing at higher 
tem peratures.

O nly small am ounts o f D H A  were detected in the blanch water in the 
tem perature range 50-60°C. The net content o f D H A  remaining in the pea was 
approxim ately constant between 45-60°C, and was influenced by the rate o f A A  
oxidation , the rate o f thermal destruction o f D H A  and the rate o f leaching of 
D H A . T he thermal half-life o f D H A  at pH 6 has been shown to decrease from  
35 min at 40°C to 2 min at 70°C (H uelin, 1949).

Undersize. T o simplify discussion, comparison o f the effects arising during 
blanching o f the various categories o f peas is made at 45°C, before full 
disorganization o f the cell membranes, and at 65°C before full inactivation o f  
A A  oxidase. From Table 1 it is seen that, per unit weight, undersize peas 
contained m ore vitamin C than standard size peas. It follows from Fig. 4 that 
although greater amounts o f A A  were oxidized in the undersize peas, the 
percentage oxidized was similar to that o f standard size peas at 45 and 65°C 
being about 11 and 31% o f the initial total vitamin C content respectively.

L oss o f A  A  into the water increased more rapidly with increasing temperature 
w hen com pared to the loss from standard size peas. A t 45°C the losses were 3 
and 5% respectively and at 65°C, 19 and 26% from the standard size and 
undersize peas respectively. The D H A  content o f undersize peas was initially 
som e 7% higher than that o f standard size peas, and at 45°C this differential was 
m aintained being 17 and 25% respectively. A t 65°C, the proportion o f vitamin C
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Figure 4. Undersize DSP peas. Proportions of ascorbic acid (AA) and 
dehydroascorbic acid (DHA) expressed as a percentage of the initial total vitamin C 
content, remaining in the pea, lost into the water and the DHA hydrolyzed, after 10 
min at the given blanch temperature. (Means of two replicate samples); symbols as in 
Fig. 3.

rem aining as D H A  was about 16 and 19% respectively, with similar proportions 
o f D H A  hydrolyzed (26% in both) as would be expected from the thermal 
half-life characteristics o f D H A .

T he m ore rapid loss o f A A  from the undersize peas into the water may have 
been  influenced largely by the higher concentrations o f A A  in the testa, a 
greater testa/cotyledon ratio and greater surface/volume ratio in the undersize 
peas. The cell walls may be more permeable to solutes in these botanically less 
m ature peas, the smaller pea diameter also allowing shorter diffusion paths for 
both heat transfer and leaching o f solutes. Thus it might be expected, where a 
relatively greater proportion o f the tissues were disorganized in a given time, 
that the rate o f leaching and hence the amount o f A A  leached would be greater. 
Similarly there might be greater A A  oxidase activity initially followed by the 
inactivation o f a relatively greater proportion o f the A A  oxidase present, 
resulting in a m ore limited amount o f oxidation in total.

O nly small quantities o f D H A  were detected in the water o f both standard 
and undersize peas. This would be expected as the greater proportion o f D H A  
was located in the testa tissue (Selman & R olfe, 1979a) where the rate of 
tem perature rise would be greatest.

Oversize. Figure 5 indicates som e notable differences in the pattern o f 
changes observed with the other pea sizes. A t 45°C only 1 % of the initial vitamin 
C rem ained in the water as A A  compared to 3 and 5% for standard and 
undersize peas respectively. A t 65°C only 7% remained in the water as A A  
com pared to 19 and 26% for standard and undersize peas respectively. This 
sm aller leaching loss may have arisen from the smaller testa/cotyledon ratio,



226 J. D . Selm an an d  E. J. R o lfe

Figure 5. Oversize DSP peas. Proportions of ascorbic acid (AA) and dehydroascorbic 
acid (DHA) expressed as a percentage of the initial total vitamin C content, 
remaining in the pea, lost into the water and the DHA hydrolyzed, after 10 min at the 
given blanch temperature. (Means of two replicate samples): symbols as in Fig. 3.

low er vitamin C concentration and the less permeable cell walls o f these 
botanically m ore mature peas. H ow ever it appears that the slower rate of  
tem perature rise at the centre o f these larger, more dense peas may have 
prom oted m ore A A  oxidation. A t this maturity, significant quantities o f starch 
are present in the cotyledons, and although pea starch contains a low proportion 
o f  am ylopectin, som e swelling does occur during gelatinization. It is possible 
that the im bibition and removal o f water from the cells may limit the m ovem ent 
o f  solutes in the tissues and further reduce solute losses from the undamaged 
peas. Thus m ore A A  would remain in the tissues and therefore be available to 
be oxidized. A t 45°C, 22% of the initial total vitamin C content had been  
oxidized , com pared to 10 and 12% for the standard and undersize peas. A t 
65°C, 45% o f the initial total vitamin C had been oxidized, compared to 33 and 
29%  for standard and undersize peas respectively.

T able 1 indicates that, per unit weight, the total vitamin C content o f the 
oversize peas was less than either that o f the standard or undersize peas. It has 
previously been shown that the total vitamin C content o f peas decreased with 
maturity and that this arises largely from the decrease o f D H A  in the testa 
tissues (Selm an & R olfe , 1979a). During blanching, the amount o f D H A  
present in the oversize peas increased from a negligible value up to a maximum  
o f  30% at 60°C, then decreased to a negligible value again at 70°C. In all three 
sizes o f  peas, relatively small amounts o f D H A  were detected in the blanch 
water. M aximum presence o f D H A  in the water was seen at 55°C in all three 
cases.. A b ove 65°C, no D H A  was detectable due to the enhanced rate o f  
hydrolysis to D K A  at these temperatures.
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Figure 6. Standard-size Swan peas. Proportions of ascorbic acid (AA) expressed as a 
percentage of the initial total vitamin C content, remaining in the pea, lost into the 
water and oxidized, after 10 min at the given blanch temperature. (Means of two 
replicate samples); V, total vitamin C in pea (3+4); O, AA in pea (3); ■, AA 
oxidized 1 —(3+5); x , AA in water (5).

Figure 7. Standard-size Swift peas. Proportions of ascorbic acid (AA) expressed as a 
percentage of the initial total vitamin C content, remaining in the pea, lost into the 
water and oxidized, after 10 min at the given blanch temperature. (Means of two 
replicate samples); symbols as in Fig. 6.

(2) E ffect o f pea cultivar. Similar experim ents were conducted using standard 
size sam ples o f cultivars Swan and Swift (Table 1). Samples o f these peas were 
blanched for 10 min at temperatures between 35 and 65°C. The A A  and D H A  
contents o f the peas and the A A  content o f the blanch water were determined  
after blanching. T he A  A  oxidized was calculated by difference and the results 
for Swan and Swift are shown in Figs 6 and 7 respectively.
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T he initial D H A  contents o f both Swan and Swift peas were considerably 
higher than that o f DSP peas, particularly in the testa tissues (Selman & R olfe, 
1979a). A lthough the general pattern o f changes in vitamin C com ponents was 
essentially similar to those observed in DSP peas, relatively small amounts o f A A  
w ere lost into the water over the whole temperature range. A t 45°C, almost 
negligible leaching o f A A  occurred from both Swift and Swan peas. A t 65°C, 5 
and 11 % o f  the initial total vitamin C remained in the water as A  A  in the cases o f 
Swan and Swift respectively; 23 and 13% had been oxidized respectively.

T he proportion o f vitamin C leached into the water as D H A  was not 
m easured in the cases o f Swift and Swan peas due to time constraints, but an 
estim ate o f this amount was calculated from the data obtained for DSP peas in 
the follow ing way. The proportion o f D H A  hydrolyzed at each blanch 
tem perature had been calculated for DSP peas as indicated in Figs 3 ,4  and 5 (for 
m ethod see Fig. 1), and from the thermal half-life characteristics o f D H A  it was 
assum ed that similar proportions o f D H A  would have been hydrolyzed at each 
tem perature in both Swift and Swan peas. A s an exam ple, for standard size, 
undersize and oversize DSP peas blanched at 65°C the proportions o f D H A  
hydrolyzed were 25.9, 26.6 and 26.2% respectively, giving an average o f 26.2% . 
It was then assumed that 26.2% D H A  had also been hydrolyzed in both Swift 
and Swan peas at 65°C, and thus the proportion o f vitamin C leached into the 
water as D H A  could be calculated by difference (for method see Fig. 1).

Such calculations suggested a negligible loss o f vitamin C as D H A  by leaching 
into the water from Swift peas at 45 and 65°C. this being similar to the results for 
DSP peas. For Swan peas, the calculations suggested a 5% loss of vitamin C as 
D H A  into the water at 45 and 65°C, with a maximum of 14% at 60°C. Such 
enhanced losses relative to Swift and DSP peas may have been due to the higher 
concentration o f D H A  present in the testa o f Swan peas (Selman & R olfe, 
1979a).

(3) E ffect o f damage. Experiments were conducted to show how the observed  
net changes in vitamin C com pounds differed when peas were first damaged and 
then blanched. Sam ples o f standard size DSP peas were damaged to produce 
sam ples o f bruised and bruised plus slit peas. These were blanched for 10 min 
betw een  35 and 65°C and the A A  and D H A  contents o f the peas and blanch 
water were determ ined after blanching. The D H A  hydrolyzed was calculated by 
difference. Results for bruised and bruised plus slit peas are shown in Figs 8 and 
9 respectively.

In both cases damage induced oxidation of A A , and the ruptured tissues 
allow ed im m ediate leaching o f vitamin C. A t 45°C, A A  oxidation was 18 and 
23%  greater in the bruised and bruised plus slit peas respectively, when  
com pared to undamaged standard size peas. A lso, in both cases, less than 1% of  
the initial vitamin C was detected as A A  in the blanch water at 45°C. H owever 
14 and 18% o f the initial vitamin C was detected as D H A  in the water, from 
bruised and bruised plus slit peas respectively, compared to 0.3%  from  
undam aged standard size peas. Within the limits o f experimental error, this 
suggested that the presence o f a slit in the testa enhanced the amount o f A A
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oxidation , possibly by allowing som e ingress o f oxygen into the tissues just prior 
to  blanching, and also allowed increased leaching of solutes through the slit 
during blanching. A t 65°C, the amount o f A A  oxidation in both cases was 
alm ost identical to  that observed in undamaged standard size peas. The A A  
rem aining in the water in both cases was som e 4% less than for undamaged 
standard size peas.

T he main physical effect o f bruising peas by the standard m ethod was to 
rupture the crushed parenchyma cells o f the testa. The results shown in Figs 8 
and 9 suggest that below  50°C bruising serves to disorganize the cell membranes 
m echanically, prom oting A A  oxidation and leaching of vitamin C largely as 
D H A , thus producing a net effect similar to that produced by heat at 
tem peratures above 50°C. H ow ever at 65°C the pattern o f changes in the 
vitam in C com pounds was almost the same as that observed in undamaged 
standard size peas, due to the more rapid rates o f heat transfer at the higher 
tem peratures.

T he maxim um  amount o f A A  oxidation observed in the bruised plus slit peas 
was about 5% greater than that occurring in bruised peas, again indicating the 
possib ility that som e oxygen had diffused into the tissues through the slit in the 
testa prior to blanching. H ow ever, the maximum amount o f oxidation that 
occurred in bruised peas was the same as that in the undamaged standard peas, 
indicating som e factor limiting the amount o f A  A  oxidation. Such a factor may 
w ell be the rate o f  heat transfer and consequently enzym e inactivation, but the 
fact that 5% m ore oxidation occurred in the bruised plus slit peas suggests at 
least the possibility that a limiting factor could be the oxygen concentration in 
the pea tissues.

Figure 8. Standard-size bruised DSP peas. Proportions of ascorbic acid (AA) and 
dehydroascorbic acid (DHA) expressed as a percentage of the initial total vitamin C 
content, remaining in the pea, lost into the water and the DHA hydrolyzed, after 10 
min at the given blanch temperature. (Means of two replicate samples); symbols as in 
Fig. 3.
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Figure 9. Standard-size bruised plus slit DSP peas. Proportions of ascorbic acid (AA) 
and dehydroascorbic acid (DHA) expressed as a percentage of the initial total 
vitamin C content, remaining in the pea, lost into the water and the DHA hydrolyzed, 
after 10 min at the given blanch temperature. (Means of two replicate samples); 
symbols as in Fig. 3.

Time o f  Blanching

Experim ents were carried out to show the effect o f blanch time on the A A  
content o f DSP peas harvested in 1973.

(1) E ffect o f temperature. Commercially a blanch temperature o f about 97°C 
is em ployed  with a corresponding holding time o f about 1 min prior to the 
freezing operation. It was previously shown that a temperature o f 70°C was 
sufficient to com pletely disorganize the cell membranes in the whole pea and 
therefore the effect o f  a slower rate o f heat penetration was also studied.

T he A A  contents o f the pea and blanch water were determined after 
blanching and the A A  oxidized calculated by difference. In a second set of 
experim ents, the A  A  analyses were carried out on the cotyledons and testas 
which had been separated after blanching samples o f whole peas for the same 
tim es. T he results for these experim ents at 97°C (0 .25-3 .0  min) and 70°C (2-25  
m in) have been reported previously, together with data for the equivalent 
decrease in peroxidase activity (Birch etal., 1974). A t the blanch temperature of 
97°C the rate o f A  A  loss was most rapid in the first minute, the amount o f A  A  
oxidized  being negligible. A t 70°C, the rate o f A A  loss into the water was m ost 
rapid in the first 2 min o f blanching, the loss thereafter steadily increased with 
tim e. T he pattern o f loss occurred in both the cotyledons and testa, the loss from  
the testa being greater during the first 2 min. This might be expected considering 
that the A A  concentration in the testa tissues was about twice that o f the 
coty ledon  tissues (Selm an & R olfe, 1979a). The slower rate o f heat penetration
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at 70°C also resulted in the oxidation o f som e 15% of the A A  present during the 
first 2 min. The rate o f loss of A A  increased with blanch temperature.

T hese tests were repeated with DSP pea samples grown in 1974, but using 
only w hole peas. Similar changes were observed although the higher 
concentration o f A A  in the cotyledons o f 1974 peas resulted in slightly more A A  
oxidation  and correspondingly less leaching of A A  into the blanch water. The 
net result was a slightly greater retention o f A A  (P =  0.05) in the 1974 peas after 
blanching.

(2) E ffect o f damage. Standard size DSP peas were blanched at 97°C for 0 .25-3  
min (Birch et al., 1974). The A A  contents o f the peas and blanch water were 
determ ined  after blanching, the A A  oxidized being calculated by difference. 
T he experim ent and analyses were then repeated using damaged peas o f the 
three grades slit, bruised and bruised plus slit.

For each grade o f damaged pea, the results for the A A  remaining in the peas, 
lost into  the water and oxidized at each of the six blanch-times, were compared 
with the results for w hole undamaged peas using a statistical t-test.

T he results for slit peas were not significantly different from those for the 
undam aged peas. The amount o f A A  remaining in bruised peas was not 
significantly different, however, more A A  was oxidized (P =  0.001) and cor­
respondingly less A A  was lost into the water (P =  0.01). In bruised plus slit peas, 
the am ount o f A A  oxidized was not significantly different, but less A A  
rem ained in the peas (P  =  0.01) and less A A  was lost into the water (P  =  0.01); 
this loss o f A A  into the water was greater (P =  0.001) and the amount o f A A  
oxidation  was less (P =  0 .01) than that from bruised peas. This suggested that 
the slit in the testa o f the bruised pea allowed A A  to leach out into the water 
before oxidation could take place.

Discussion and conclusion

L eaching o f  A A  from undamaged peas was initiated at about 40°C due to heat 
induced disorganization of the cytoplasmic membranes of the cells. Leaching 
losses below  40°C were negligible. Leaching losses from standard size DSP peas 
increased alm ost linearly up to 97°C, but between 55 and 65°C there was some 
indication that oxidation o f A A  occurred rapidly enough to reduce the rate of 
loss o f  A A  by leaching.

T he size o f  DSP peas increased with increasing maturity over the maturity 
range studied and so the two parameters were inseparable. The results indicate 
that with increasing pea size and maturity, the proportion o f A A  oxidized  
increased and the proportion o f A A  leached into the water decreased, during 
blanching at temperatures betw een 45 and 65°C. Leaching of A  A  from  
undersize DSP peas increased more rapidly with increasing temperature 
com pared to standard size DSP peas. This may have been due to higher initial 
concentrations o f A A  in the testa, greater testa/cotyledon ratio, greater surface/ 
volum e ratio and greater permeability of the cell walls o f these botanically
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im m ature peas. Leaching o f A  A  from oversize peas was considerably reduced at 
all tem peratures, arising from the lower initial vitamin C concentration in the 
tissues, smaller testa/cotyledon ratio, smaller surface/volume ratio and the less 
perm eable cell walls o f these more mature peas. The presence o f significant 
quantities o f starch (and protein) may have the effect o f reducing the m ovem ent 
o f  water and soluble solids within the tissues.

B lanch temperature similarly influenced the leaching o f A A  from standard 
size Swan and Swift peas, although the percentage losses were low being o f the 
order o f  those observed from oversize DSP peas. Cultivars Swan and Swift 
contained  higher proportions o f D H A  particularly in the testa tissues, and 
calculations indicated that significant amounts o f vitamin C were leached as 
D H A . T he overall percentage retention o f vitamin C was similar in both  
standard size Swan and DSP peas over the temperature range 40-65°C, but net 
retention  was som e 5% higher in Swift peas. In all experiments, only small 
quantities o f D H A  were detected in the blanch water due to the thermal 
instability o f the com pound.

O xidation o f A A  during blanching o f standard size DSP peas increased to a 
m axim um  at about 60°C. A  A  oxidase enzym es were largely inactivated at 
tem peratures o f 70°C and above so that leaching becam e the prime mechanism  
o f vitam in C loss. There was som e indication that the distribution o f A A  
b etw een  cotyledons and testa influenced the amount o f oxidation occurring. 
1974 DSP-pea sam ples contained a greater concentration of A A  in the 
coty ledons resulting in a greater amount o f A A  oxidation, whilst 1973 DSP-pea 
sam ples contained a greater concentration of A A  in the testa tissues which 
resulted in conversely more leaching of A A . This is similar to the effect 
observed with DSP peas o f different maturity; for exam ple, in oversize DSP peas 
considerable A  A  oxidation occurred and little A  A  was leached out. Additional 
influencing factors in this case would be the increased pathway for heat transfer, 
sm aller proportion o f testa tissues and the less permeable cell walls of the testa 
tissues due to the developing secondary thickening as previously indicated.

D am aging peas by bruising and slitting induced enhanced oxidation o f A A  
and allow ed im m ediate leaching o f vitamin C now largely as D H A , even at the 
low est blanch tem peratures, soluble material being observed to issue forth from  
the m icropyle. T he maximum amount o f oxidation that occurred in bruised peas 
was the sam e as that occurring in undamaged peas, suggesting that som e factor 
other than temperature and cell integrity was limiting the amount o f A A  
oxidized . In fact the optimum activity o f the A  A  oxidase enzym es occurred 
som e 20°C higher than that o f the extracted enzym e, and with considerably 
reduced activity. A  possible reason for this arises from the pattern o f results for 
the bruised plus slit peas. Som e 5% more oxidation occurred in these peas, 
suggesting that the slit in the testa had allow'ed the ingress of som e oxygen into 
the tissues just prior to blanching. It is possible that the content and availability 
o f oxygen in the pea tissues may limit the amount o f A A  oxidation that can occur 
as previously discussed (Selman & R olfe, 1979a). Simple experiments involving 
the artificial alteration o f the oxygen content o f the pea tissues, followed by
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subsequent observations o f the amount o f A A  oxidized as a result of damage or 
blanching, might help to elucidate this. A t 60°C and above, the rate o f heat 
penetration was such that the activity o f enzym es was rapidly reduced, resulting 
in similar net total vitamin C retention to the undamaged peas.

C om m ercially, peas are blanched at about 97°C, and in the case of 
undam aged standard size DSP peas, about 28% of the initial A A  was lost into the 
water during the first minute. The rate o f loss o f A A  was greater from the testa 
tissues than cotyledons during the first 2 min as a result o f the higher A A  
concentration in the testa tissues. The proportion o f A A  oxidized during 
blanching at 97°C was negligible. A  comparative blanch at 70°C indicated a 
similar pattern o f changes, but the slower rate o f heat penetration resulted in the 
enzym ic oxidation o f som e 15% of the initial A A  content during the first 2 min. 
It m ay be significant that the trend o f the rate o f loss of A  A  into the water more 
closely  resem bled the rate o f loss o f moisture, rather than the rate of loss o f total 
solutes from peas during blanching at the same temperatures. This observation 
arises from previous results that suggested that cell contents were, at least 
initially, lost from the testa tissues via the micropyle (Selman & R olfe, 1979b). 
This links with the hypothesis that the vitamin C in the testa tissues is located  
largely in the watery parenchyma tissue that constitutes the inner layer o f the 
testa.

DSP peas damaged by slitting the testa showed a retention o f A A  similar to 
that o f  undam aged peas when blanched for various times at 97°C. Again this 
suggests that the micropyle is a significant pathway for loss of cell contents by 
leaching, as the loss o f total solutes was similarly unaffected by slitting the testa. 
B ruised peas exhibited similar net A A  retention to undamaged peas although 
the bruising gave rise to more A A  oxidation and proportionally less A A  
leaching. Bruised plus slit DSP peas, probably the com m onest form of damage in 
reality, did lose significantly more A A  during blanching at 97°C. Loss o f A A  
into the water was greater, and the oxidation o f A  A  less than that from peas that 
had only been bruised. This might be expected as leaching from the bruised 
tissues could occur through both the slit in the testa and the micropyle 
im m ediately on immersion o f the peas in the blanch water, thus reducing the 
am ount o f  A A  available to the oxidized.

In summary, these results have demonstrated the main mechanisms o f change 
o f the vitamin C com pounds in peas during blanching and the proportions in 
which som e o f these changes are likely to occur as influenced by such factors as 
pea size/m aturity, cultivar, blanch temperature and time. Further comparative 
work on the blanching o f undersize and oversize peas at commercial blanch 
tem peratures would be useful. Harvesting damage may radically affect the 
vitam in C content o f the final product on an industrial scale, and other pre­
blanch handling operations will be important. For exam ple, heat arising from 
m etabolism  has been reported to result in temperatures o f around 30°C in peas 
when bulk stored experim entally for 12 hr (Holdsworth, 1969). Cooling systems 
m ay therefore be required to reduce and control the temperature when handling 
large quantities o f  peas in order to prevent undesirable changes such as A A  
oxidation.

16
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Functional properties of acetylated and succinylated sunflower 
protein isolate

M. K A B IR U L L A H  a n d  R. B. H . WILLS

Summary

Sunflower protein isolate was acylated with acetic and succinic anhydride. 
Succinylation changed the electrophoretic mobility, decreased the lysine and 
chlorogenic acid content and bulk density, increased the aqueous solubility, 
shifted the isoelectric point and increased the absorption, emulsification and 
foam ing properties. A cetylation improved the functional properties o f the 
protein  to a m uch lesser extent. Implication o f these changes is discussed with 
reference to food  applications.

Introduction

Sunflow er seed  (Helianthus annus) is the second largest source o f vegetable oil 
and fourth largest source o f plant protein (F A O , 1977). Sunflower protein has 
great potential as a source o f human protein food because it is free o f any known 
anti-nutritive factor (Clandinin, 1958) and is has a high digestibility (90% ) and 
biological value (60-70) compared to most other oilseed proteins (Clandinin, 
1958; F A O , 1970). Various workers have exam ined the functional properties o f  
sunflow er protein fractions and their findings have been recently reviewed by 
Sosulski (1979). H e concluded that sunflower protein had som e unique 
organoleptic and functional properties which would be o f importance in som e 
foods. T he main problem s in using sunflower protein in foods was seen to be the 
presence o f  chlorogenic acid which causes discolouration and the high globulin  
content (about 75% o f the total protein) which has a low solubility in water at 
pH  < 8 .

A  num ber o f  m ethods have been exam ined to modify the structure o f various 
n ovel proteins to improve their functional properties for specific food  
applications. O ne such approach has been to treat the protein with acetic and
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succinic anhydrides and studies have been reported for soybean protein  
(Franzen & K insella, 1976b), casein (Creamer, Roeper & Lahrey, 1971),cotton­
seed  flour (Childs & Park, 1976), fish protein (Groninger, 1973), peanut protein  
(Sundar & R ao, 1978; Beuchat, 1977), wheat flour protein (Grant, 1973), egg 
protein  (G andi et a i,  1968) and leaf protein (Franzen & Kinsella, 1976a). In 
general, functional properties such as solubility and emulsification capacity were 
im proved by acetylation or succinylation. Canella, Castriotta and Bernardi 
(1979) have recently reported on the effects o f acetylation and succinylation on  
the properties o f sunflower protein concentrate that had been treated with acid 
and ethanol to rem ove chlorogenic acid. They found that the acyl derivatives 
had increased solubility, emulsifying and foaming properties but decreased  
water absorption. H ow ever their results cannot be assumed to apply to 
sunflow er protein generally as the acid-ethanol treatment would in itself cause 
the loss o f certain functional properties (Canella, 1978). A lso sunflower protein 
concentrates would differ in their physico-chemical and functional properties 
from other protein products such as sunflower protein isolates (Lin, Humbert & 
Sosulski, 1974) due to their different m ethods o f extraction and preparation. 
T he food  applications o f protein isolates and concentrates differ (Sosulski, 
1979; K insella, 1976) and there are som e foods such as snack foods and 
breakfast cereals where the presence of chlorogenic acid may not be a problem  
(Sosulski, 1979). Further studies on sunflower protein are therefore warranted 
and in this paper we report on the effect o f acetylation and succinylation on the 
functional properties o f sunflower protein isolate (SPI) that are important in 
food  applications.

Materials and methods

Preparation o f sunflower protein isolate (SPI)

Sunflower seed  (cv. Hysun 21) meal prepared from dehulled and defatted  
seeds was suspended in water (1 :1 0 ) and adjusted to pH 11 by the addition of 
1 N N aO H . T he mixture was stirred for 1 hr at 20°C, then centrifuged at 12 000 
rev/m in for 10 min at 10°C. The supernatant was filtered and adjusted to pH 4.5 
with 1 N HC1 (G heyasuddin, Cater & Mattil, 1970). The resultant precipitate 
was separated by centrifugation, dialyzed against distilled water for 72 hr then 
freeze dried.

Acylation

T he procedure o f Riordan and V allee (1971) was followed to acylate the free 
am ino groups o f SPI using acetic and succinic anhydride. The required amounts 
o f anhydride were added slowly to a protein suspension (2.5%  w/v) with 
constant stirring and concurrent addition o f 2 N N aO H  to maintain the pH at
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7 .5 -8 . A fter the reaction was com plete, the proteins were dialyzed against 
distilled water and freeze-dried.

Analysis

T he am ount o f free amino groups in the protein before and after acylation was 
determ ined spectrophotom etrically following reaction with ninhydrin (M oore 
& Stein , 1954). The amino acid com position o f the protein was analyzed by the 
m ethod o f  Spackm an, Stein and M oore (1958). The moisture, ash, fat, protein 
and fibre o f the protein samples were determined according to methods 14.084, 
14.085, 14.089, 14.086 and 14.087 (A O A C , 1980). Chlorogenic acid was 
m easured at 330 nm according to the method o f Dorrell (1976).

Polyacrylamide gel electrophoresis

E lectrophoresis o f  the protein was carried out on a discontinuous gel (2 .5 -  
27% ) (Pharmacia Fine Chemicals) in Tris-borate buffer (0.09 Tris, 0.08 M boric 
acid, N a2 E D T A  0.93 g/1, pH 8.4) at 400 V for 1 hr. The gels were stained with 
C oom assie blue (0.1%  w/v) dissolved in trichloroacetic acid (50% w/v) and 
destained with 7.5%  acetic acid.

Functional properties

(1) Protein solubility. A  1% w/v protein suspension in water was adjusted to 
various pH  levels with 2 N N aO H  or 2 N HC1. The proteins were occasionally 
shaken over 1 hr at 20°C and then centrifuged at 12000 rev/min for 15 min at 
10°C. T he clear supernatant solutions were analyzed for nitrogen content by 
K jeldahl m ethod 14.086 (A O A C , 1980).

(2) Absorption o f fa t and water. Absorption o f fat and water by proteins was 
determ ined by a modification o f the m ethod described by Lin, Humbert and 
Sosulski (1974). Soybean oil or water (10 ml) were stirred for 1 min with a 
protein  sam ple (1 g) in a graduated tube which was allowed to stand for 30 min, 
then centrifuged at 3500 rev/min for 20 min. The decrease in volume of free 
liquid indicated the amount o f liquid absorbed by the protein.

(3) Bulk density. Bulk density o f the protein was measured following the 
procedure o f W ang and Kinsella (1976).

(4) Emulsification properties. Emulsifying activity (E A ) and emulsion  
stability (E S) as described by Yasumatsu et al. (1972) and emulsifying capacity 
(E C ) as adopted by Swift, Lockett and Fryar (1961) were taken as the indices of 
em ulsification. E A  was estim ated by blending a protein suspension with 
soybean  oil then centrifuging the emulsion and calculating the ratio o f the height 
o f the em ulsified layer to the height o f whole layer in centrifuge tube. ES was 
determ ined by heating the em ulsion at 80°C for 30 min, cooling to 20°C then 
centrifuging and calculating as for E A . EC was determined by adding soybean
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oil to a protein suspension during blending and noting the volume of oil added 
w hen the em ulsion collapsed.

(5) Interaction with muscle protein. Meat (silverside) was hom ogenized at 
10000 rev/m in for 2 min in a 3% w/v NaCl solution to produce a 1% w/v 
suspension o f muscle protein. The pH o f the slurry was adjusted to pH 6 using 
Na-jCO.j. SPI and meat slurry were mixed in various proportions from 0-100%  
and E A , ES and EC were determined as described.

(6) Foaming properties. Foam expansion and foam stability were assessed as 
indices o f foam ing using the procedure described by Puski (1975). This involved  
blending a protein suspension adjusted to the required pH level at 10000  
rev/m in for 1 min at 20°C and determining the volume o f foam that was present 
above the surface o f the liquid. A fter standing for 30 min, the volume o f foam  
rem aining was recorded as foam stability. Egg albumin (Egg Marketing Board, 
A ustralia) was used as a standard protein for comparison.

Results

Extent o f acylation

T he degree o f acylation o f the free amino groups on sunflower proteins 
increased with the increasing amounts o f anhydrides used in the reaction 
m ixture (Fig. 1) with acetic anhydride being more reactive than succinic 
anhydride. The maximum level o f acylation was about 90% of the total free 
am ino groups o f the proteins.

Figure 1. Effect of the concentration of acetic and succinic anhydride on the degree 
of acylation of sunflower protein isolate; o—o, acetylated; »—•, succinylated.
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Composition

The proxim ate com position o f the derivatized sunflower proteins are shown  
in T able 1. T he protein content o f the derivatized proteins showed a small 
decrease, with increasing acylation probably due to a dilution effect resulting 
from the addition o f acyl groups to the structure. The chlorogenic acid content 
o f  the m odified proteins was less than the untreated SPI but the amount present 
was similar in all modified proteins. There was, however, still sufficient 
chlorogenic acid or oxidation products present to cause the derivatized proteins 
to  rem ain green.

Table 1. Proximate composition of acylated sunflower proteins 
(g/100 g dry sample)

Protein Moisture Protein Ash Chlorogenic acid

SPI 5.2 88.2 3.9 1.8

Acetylated (%): 
23 5.1 86.5 4.0 1.2
53 4.9 86.0 3.8 1.2
84 5.0 85.4 3.9 1.2

Succinylated (%): 
27 5.5 87.0 4.0 1.2
48 5.3 86.5 4.0 1.2
70 4.9 86.4 3.9 1.2
87 5.2 85.3 3.9 1.2

Values are the average of at least three determinations.
Table 2. Essential amino acid content of acetylated and succinylated 
sunflower protein (g/16 n)

Acetylated % Succinylated %

Amino acid* SPI 23 53 84 27 48 70 84

Lysine 3.2 2.8 2.6 2.6 2.9 2.9 2.8 2.8
Threonine 3.2 3.3 3.3 3.4 3.4 3.3 3.4 3.4
Half cysteine 1.2 1.1 1.0 1.0 1.0 1.1 1.0 1.0
Methionine 1.9 1.8 1.7 1.9 1.9 1.8 1.9 1.9
Valine 4.9 5.2 5.2 5.6 5.4 5.5 5.4 5.3
Isoleucine 4.2 4.4 4.4 4.4 4.4 A5 4.4 4.4
Leucine 5.9 6.2 6.3 6.5 6.3 6.4 6.4 6.1
Phenylalanine 5.2 5.5 5.7 5.7 5.6 5.7 5.6 5.1

^Tryptophan was not analysed.
Values are the average of at least three determinations.

T he essential am ino acid (E A A ) content o f the derivatized proteins is shown 
in T able 2. Lysine content o f the modified proteins was less than in the 
unm odified proteins but valine, leucine and phenylalanine contents were higher 
in the m odified proteins.
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Gel electrophoresis

E lectrophoretic patterns o f the acylated sunflower protein are presented in 
Figs 2 and 3. The major storage protein o f sunflower, presumably globulin, is 
seen  in a single band in the 3 cm region o f the gel. This band is dissociated into 
fractions which m oved further into the gel with increased degree o f acylation. 
Som e new peaks are seen in the 0-1  cm region of the slab with proteins 
acetylated  to 23 and 53%. Similarly succinylated protein showed som e new  
peaks in 0 -2  cm region (Fig. 3).

i-----1-----1 i i i i i i i
9 8 7 6 5 4 3 2 1 0

—>------  migration (cm )
F igure  2. Electrophoretic mobility of acetylated sunflower protein isolate; A, B, C 
and D -  sunflower protein isolate unmodified, acetylated to 23, 53 and 84% of the 
free amino groups respectively.

Functional properties

A cylation  o f proteins caused a reduction in bulk density with succinylation 
causing a relatively greater decrease than acetylation (Fig. 4). Succinylation at 
low  levels markedly decreased the bulk density but further succinylation above 
26%  resulted in a less marked decrease. The effect o f acetylation was more 
linear over the w hole range.

Fat and water absorption was increased in the derivatized proteins (Table 3) 
with succinylation being more effective in increasing absorption. H owever the 
m agnitude o f the increases was not great.
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—------- m i g r a t io n  (cm )
F igure 3. Electrophoretic mobility of succinylated sunflower protein isolate; A, B, C 
and D -  sunflower protein isolate unmodified, succinylated to 26, 48 and 87% of the 
free amino groups respectively.

%  acylation
F igure 4. Bulk density of the acylated sunflower protein isolate; o—o, acetylated; 
*—• , succinylated.
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Table 3. Absorption of water and fat by acylated 
sunflower protein isolate

Water Fat
Protein (ml/g sample) (ml/g sample)

SPI 5.31 ±0.10“ 4.22±0.02a

Acetylated %: 
23 5.36±0.07a 4.33±0.04a
54 5.48±0.05a 4.42±0.01ab
85 5.94±0.02b 4.97±0.03c

Succinylated %: 
26 5.69±0.04b 4.53±0.06b
48 5.84±0.01b 5.95±0.01d
70 6.19±0.07c 6.51±0.04e
87 6.24±0.01c 6.72±0.08d

Values in columns with same letter are not 
significantly different at 5% level.

Protein solubility was appreciably changed by succinylation (Fig. 5). 
Succinylation shifted the isoelectric point (IEP) o f the proteins from pH 4-5 to 
pH  3 -4 . In the pH  range 1 -4 , the solubility o f the proteins was less than that of 
SPI and in the pH  range 4 -8  the solubility was greater. Increasing the degree o f  
succinylation tended to cause an increase in solubility with the effect being 
greater at pH  1-2 and pH  5 -8 . A cetylation did not greatly affect the protein  
solubility although there was a tendency for acetylation to decrease solubility at 
pH  < 4  and increase solubility at pH 6 -8  (Fig. 5).

Emulsification properties

T he effect o f  pH  on the emulsifying capacity (EC ), emulsion stability (ES) 
and em ulsion activity (E A ) o f the acylated sunflower proteins is shown in Fig. 6. 
Succinylation increased the emulsifying properties of SPI appreciably at all pH. 
T he greatest changes had occurred with succinylation of 27% and while further 
succinylation also increased the emulsifying properties the extent o f these 
changes was not proportional to the degree o f succinylation. Acetylation  
how ever had little effect on the emulsification properties although E A  at pH 3-4  
was increased.

T he em ulsification properties o f protein acetylated to 84% and succinylated 
to 87% in the presence o f sodium chloride and sucrose were determined and 
com pared to the emulsification properties o f untreated SPI (Table 4). A t pH 4 
the addition o f salt increased the EC o f all proteins but only increased the ES 
and E A  o f  SPI. A t pH  6, salt only increased the EC o f SPI and acetylated  
protein and at pH 9 had no marked effect on any emulsification property. The 
em ulsification properties o f succinylated protein still remained greatly superior 
to SPI and acetylated protein under all conditions. The presence o f sugar only
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O'

F igure  5. Effect of pH on the solubility of acylated sunflower protein isolate; •—*, 
SPI; o—o, acetylated to 23%; A—A, 53%; □—□, 84%; A—A, succinylated to 26%; 
■—■ , 48%; o -o , 70%; T  T , 87%.

caused a small increase at pH 4 in the ES o f SPI and acetylated protein and the 
E A  o f  SPI.

T he effect o f substitution o f meat protein with untreated SPI, SPI acetylated  
to 84% and succinylated to 87% on emulsification properties is shown in Table 
5. Substitution with succinylated protein increased EC and maintained a similar 
level o f  ES and E A . Substitution with SPI and acetylated protein resulted in a 
decrease in E C , ES and E A .

Foaming properties

A cetylation  and succinylation o f SPI improved the initial foam volum e and 
foam  stability o f untreated SPI at all pH from 4—10 (Fig. 7). The degree of
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F igure 6. Effect of pH on the emulsification properties of acylated sunflower protein 
isolate; •—• , SPI; o—o, acetylated to 23%; A—A, 53%; □—□, 84%; A—A, 
succinyiated to 26%; ■—H, 48%; o—o, 70%; ▼—▼ 87%.
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Table 5. Effect of the replacement of meat protein by sunflower protein on emulsification 
properties

Emulsification
property Protein

Ratio sunflower protein: meat protein

0:100 20:80 40:60 60:40 80:20 100:0

EA (ml/g) SPI 59 55 54 53 50 45
acetylated to 84% 59 57 56 55 53 43
succinylated to 87% 59 59 58 58 58 58

ES (%) SPI 61 60 60 58 54 46
acetylated to 84% 61 59 60 60 58 55
succinylated to 87% 61 62 62 62 63 64

EC (%) SPI 420 380 3 « 340 260 255
acetylated to 84% 420 310 280 240 220 210
succinylated to 87% 420 550 670 775 830 890

acylation did not appear to be directly related to the foaming properties and 
acetylation and succinylation were equally effective. The foaming properties of 
egg albumin were similar to SPI at pH 7-10  and therefore less than acylated SPI. 
A t pH  6, the foam ing properties o f  egg albumin increased and at pH 4, its foam  
volum e was greater than, but the foam stability was similar to, the acylated 
proteins.

Foam  expansion and stability on the different types o f protein were exam ined  
in the presence o f sodium chloride and sucrose (Table 6). The addition o f  
sodium  chloride markedly increased foam expansion o f untreated SPI so that 
the foam  volum e was greater than that achieved with egg albumin. The foam  
expansion  o f  egg albumin, acetylated and succinylated protein were increased 
slightly. O nly small changes in foam stability o f all proteins were effected by 
sodium  chloride. The addition o f sucrose substantially reduced foam expansion  
and its stability in all sunflower proteins but had no effect on foaming properties 
o f  egg albumin.

Discussion

A cylation  o f sunflower protein isolate with acetic and succinic anhydrides 
decreased the lysine and chlorogenic acid content, changed the electrophoretic 
m obility, decreased the bulk density, increased the aqueous solubility around 
the neutral pH , shifted the isoelectric point to more acidic pH and increased the 
absorption, em ulsification and foaming properties. M ost o f these changes were 
m ore pronounced with succinylated protein than acetylated protein. The 
addition o f salt increased the solubility o f modified sunflower protein and 
increased em ulsification and foaming properties while sucrose had little or no 
effect on  foam ing and emulsification. Som e o f these effects are in disagreement
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0 2 4 6 8 10
pH

Figure 7. Effect of pH on the foaming properties of acylated sunflower protein 
isolate; •—• , unmodified SPI; x—x, egg albumin; o—o, SPI acetylated to 23%; 
A—A, 53%; □—O, 84%; A—A, succinylated to 48%; ■—■ . 70%’V—V, 84%.

with the observations o f Canella, Castriotta and Bernardi (1979) on acylated 
sunflow er protein concentrate, who reported a decrease in absorption 
properties and foam stability and higher bulk density. Further they reported 
im proved solubility, emulsification properties and foam expansion o f the 
protein  but the extent o f improvem ent was less than that observed in this study. 
T he differences in effects could be due to the acid-alcohol treatment given by
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T able 6. Effect of sodium chloride (1 m )  and sucrose (25%) on the 
foaming properties of sunflower proteins and egg albumin (at 10 mg/ml) 
at pH 7

Protein
Foaming 
properties (ml)

No
additive + NaCl + sucrose

Egg albumin Expansion 40 50 43
Stability 31 24 33

Native SPI Expansion 36 75 11
Stability 29 40 9

Acetylated to 84% Expansion 88 98 34
Stability 39 48 24

Succinylated to 87% Expansion 91 112 50
Stability 46 52 20

C anella, Castriotta and Bernardi (1979) in the preparation of sunflower protein  
concentrate which might have denatured the proteins (Canella, 1978). H owever 
similar effects o f acylation to those obtained in this study have been observed  
with peanut (B euchat, 1977), cottonseed (Childs & Park, 1976), leaf protein  
(Franzen & K insella, 1976a), soy protein (Franzen & Kinsella, 1976b).

T he reduced chlorogenic acid content of the modified protein could be due to 
rem oval o f som e o f the chlorogenic acid during acylation and dialysis but the 
colour o f the modified proteins remained green-brown due probably to the 
presence o f oxidation products of chlorogenic acid (Sabir, Sosulski & Finlayson, 
1974). The decrease in lysine content may be due to degradation of lysine 
residues during acylation and the removal during dialysis (Franzen &  Kinsella, 
1976b). T he increase in electrophoretic mobility of acylated sunflower proteins 
w ould be due to unfolding o f the protein structure and dissociation o f the 
protein into sub-units (Beuchat, 1977; Klotz & Keresztes-Nagy, 1963). 
U nfold ing  o f the protein structure would have also enhanced the entrapment of 
liquids (B euchat, 1977) resulting in the increase in absorption properties. 
Succinylation would have increased the negative charge on the protein 
m olecules (Franzen & Kinsella, 1976b) and as a result would have allowed the 
solubility o f the proteins to increase. The effect o f acetylation on the solubility 
o f the proteins was, however, not as pronounced. The increase in other 
functional properties following acylation such as emulsification and foaming 
w ould be mainly due to the change in charge, since they are dependent on the 
protein solubility (Yasumatsu etal., 1972).

Succinylation appears to be an effective method o f improving the functional 
properties o f sunflower protein isolate and thus of widening its scope for food  
application. The markedly increased solubility in the neutral pH region could be 
advantageously utilized to prepare specific foods with high soluble ingredients, 
e .g . soups, snacks, sauces and fruit purées. The positive effect of succinylation
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on em ulsification is highly significant for its potential application in various meat 
em ulsions such as wieners, sausage, and also in doughnuts, mayonnaise and 
salad dressings. Application o f succinylated sunflower protein in meat emulsion  
increased the em ulsion capacity o f the mixture significantly and indicated its 
definite potential in such products. In addition, acylated sunflower proteins 
could be used in various fabricated food products requiring the formation o f fine 
texture, volum inous and stable foam such as ice cream, confections, souffles. 
M any authors have reported the problem o f chlorogenic acid which imparts 
dark colour in food  (Sosulski, 1979). But there are food products which are 
coloured and for which any slight colouration in the sunflower protein would not 
be a problem .
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Residual cyanide concentrations during the extraction of 
cassava starch

P A T R IC IA  A R G U E D  A S and R. D . COOKE*

Summary

Cassava starch is traditionally extracted on a small scale in many tropical 
countries. The process consists o f wet-milling the washed roots, washing the 
starch from this m illed pulp on vibrating trays or in mixing tanks, sedimenting 
the starch in w ood en  canals or concrete tanks and sun-drying the product. This 
process was analysed during six production runs in two factories. The 
distribution o f  cyanide follow ed a similar pattern in both factories. M ost o f the 
cyqnogenic glucosides (bound cyanide) in the roots are converted to free 
cyanide during the milling operation. B etw een 40 and 70% of the total cyanide 
appears in the water used to wash the starch from the disintegrated tissue, and 
betw een  5 and 10% appears in the fibrous residue used in animal feed. This 
residue also contains betw een 12 and 23% of the starch present in the cassava. 
The eluted  starch is allowed to sedim ent for 1-3 days, after which it contains less 
than 4%  o f the cyanide present in the raw material. The dried product contains 
less than 1% o f the quantity o f cyanide present in the raw material; the residual 
concentration is 1-5 p .p .m . The factors involved in the removal o f the cyanide 
during starch extraction are discussed, and their importance to more efficient 
large-scale processes is indicated.

Introduction

T he tropical root crop cassava (Manihot escalenta Crantz) provides a major 
source o f  calories for more than 300 million people (N estel, 1973). Cassava is 
also used  for animal feed , and industrial uses based on the production of 
starches (Phillips, 1974). Starch plays an important part in the formulation o f a
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variety o f  foods; im portant'starch sources include maize, potato, cassava, 
w heat, sorghum and rice. Cassava starch has potential advantages in a number 
o f speciality food  applications, which should maintain the increasing demand 
for this starch (Knight, 1974).

Cassava starch extraction outside the cassava producing countries is limited  
by the transport costs o f this high moisture content raw material and by its 
perishable nature. R oot storage can be extended to several weeks in field clamps 
or boxes, but starch content drops by about 10% in the first two weeks (B ooth et 
al., 1976). This limitation could be overcom e by the use o f dried cassava. For 
exam ple, European starch factories could process som e o f the million tons of 
dried cassava chips imported annually for animal feed (Phillips, 1974); but 
M euser et al. (1978) indicated that starch yields and quality are inferior to those 
from fresh cassava. In cassava producing countries, starch is extracted by a 
sm all-scale slow process within 3 days o f harvest, de Buckle et al. (1978) have 
described starch extraction in rural areas o f Colom bia, indicating that the 
process is similar to that in other tropical countries. Two types o f starch are 
produced in Colombia:

(1) sour starch, obtained by fermentation o f the extracted starch, is used  
exclusively in the food industry especially in the traditional baked product 
know n as pan de yuca;

(2) sw eet starch which suffers less fermentation and is used primarily in the 
textile , paper and adhesive industries.

N o  data was presented about the cyanide contents o f these starches. In Costa 
R ica, the starch for both food  and industrial uses is produced in a similar fashion  
to that described by de Buckle et al. (1978) for sweet starch.

Cassava contains the cyanogenic glucosides linamarin and lotaustralin 
(referred to as bound cyanide), which are hydrolyzed to hydrogen cyanide by 
the endogenous enzym e linamarase (EC 3.2.1 .21) when the cellular structure o f  
the plant is dam aged (Conn, 1969). Simple processing such as drying, soaking or 
boiling in water is unlikely to rem ove all the cyanide (C ooke & Maduagwu, 
1978), the presence o f which is responsible for the chronic toxicity associated 
with the continued ingestion o f cassava products (M ontgomery, 1969). The 
cassava used in C osta Rica is harvested at plant ages between 8 to 20 m onths, but 
an earlier study (C ooke & D e  La Cruz, 1981) has shown that the root cyanide 
concentration is similar in this age range. Recent medical studies (Ermans etal.,
1980) have stressed the need for cassava screening to locate low cyanide lines 
(no acyanogenic lines have yet been found) and for extended studies o f the 
effects o f  processing on residual cyanide contents. This paper reports a study o f  
the residual cyanide levels during the various stages of rural starch extraction.

Materials and methods

Description o f  the starch factories

T he two starch factories studied, La Nacional (referred to as factory A ) and
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Duration
(approx.)

10 min

15 min

20 min

I - 3  days

2 -5  days

CTinal product^)

Figure 1. Flow diagram for the starch extraction process.

La M oderna (factory B ), are both in Santa Eulalia, A tenas, Costa Rica. The 
cassava processed is o f  the two com m on Costa Rican cultivars, Valencia and 
Papa, grown in the A lajuela and San Carlos districts o f Costa Rica. The different 
stages o f the extraction process are shown in Fig. 1. The equipment used in the 
tw o factories is described below:

(1) Washing I Peeling. Both factories use a horizontally mounted slatted  
w ooden  drum (0.92 x  1.00 m, diameter x  length). This is rotated slowly by an 
electric m otor as a water spray washes the roots. Much o f the brown, corky layer 
(referred to as peel) is rubbed o ff during this stage, leaving the root cortex and 
parenchymal tissue intact.

(2) M illing. Factory A  uses a revolving drum grater (0.3 x  0.5 m, 
diam eter x  length), against which the roots are pressed with a wooden shovel. 
Factory B uses a swinging hammer mill o f similar processing capacity to the mill 
in factory A . The hammers are 7 cm long and 0.75 cm wide.

(3) Starch separation. Factory A  has two vertical cylinders (0.62 x  0.76 m, 
diam eter x  depth) with 170 mesh sieve bases. M otor driven paddles mix the pulp 
with a water spray, and the eluted starch passes through the sieve base. The 
residue is subsequently removed through a sliding port at the base of the 
cylinder walls. In factory B the milled pulp flows onto an inclined tray 
(10.0  x  1.2 m, length x  width) which has a sieve base similar to that described 
above. A  series o f water sprays irrigate the tray which is supported on six vertical
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leaf springs vibrated by means o f a motor driven camshaft. The residue 
progresses along the tray, eventually collecting on the factory floor. The starch- 
water suspension passes through the sieve and is channelled to the 
sedim entation tanks.

(4) Sedimentation. Factory A  has two parallel w ooden canals (2 1 .0 x 0 .6 1  
X 0.28 m , length x  width x  depth) connected laterally and on a slightly different 
level. Factory B uses a series o f concrete tanks (6.05 x  0.99 x  0.49 m, 
length x  width x  depth), which are connected by pipes such that as one is filled it 
begins to discharge into the second.

(5) Drying. Both factories sun-dry the green (sedim ented) starch on metal 
trays (1.75 x  0.75 m, length x  width) supported on w ooden frames.

Preparation o f  samples

Six series o f sam ples were taken: four from factory A  and two from factory B. 
Factory production was interrupted on each occasion and one drum load o f  
roots weighed after the wash/peel operation (average weight 320 ±  30 kg) and 
fo llow ed  through the process until all the starch from this batch had entered the 
sedim entation  tanks. This permitted measurement of water used and pulp 
residue produced. Samples were taken of the milled pulp, residue, freshly 
sedim enting starch and o f the wash water in the sedimentation tanks. Samples 
for cyanide analysis were weighed into 0.1 M phosphoric acid (160 ml) within 5 
m in o f  sam pling, m ixed and transferred to stoppered bottles.These samples were 
transported to the CITA laboratories, hom ogenized, filtered and analysed 
(later the sam e day) for total and free cyanide content by the enzymatic assay 
described earlier (C ooke, 1978; 1979). Linamarin recovery tests (C ooke, 1978) 
w ere done on the different samples from two o f the test series to ensure that no 
variation in assay efficiency occurred in the different samples. N o appreciable 
( <  5 % ) differences were encountered. Samples for starch and moisture content 
analysis (300-600 g o f each sample) were collected in wide-m outhed screw cap 
bottles, transported to CITA and analysed later the same day. Moisture content 
determ inations were done on 30 g samples dried to constant weight at 90°C in a 
vacuum  oven. Starch analyses were done by the m ethod o f Gaines (1973) for 
both  factory A  and B samples; and Krochmal and Kilbride (1966) for factory B 
sam ples.

A  representative sample o f the raw material (10-12 roots) was taken on each 
occasion , transported to the CITA laboratories in perforated polythene bags, 
and analysed the following day (16-18 hr later, during which period there was 
negligible change in root weight). These roots were washed in tap water and the 
brown outer bark rem oved. Earlier studies (C ooke, 1978) have shown that 
cassava roots have longitudinal and radial cyanide gradients. A  representative 
sam ple for cyanide analysis (Cooke & D e  La Cruz, 1981) was obtained by 
chopping up the 10-12 roots in a 1 hp Flobart mill m odel S601 fitted with a 9 in 
vegetable sheer (H obart Manufacturing C o., O hio). The vegetable sheer was 
fitted with a P 77046 shredder plate. The fragmented tissues were further mixed
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m anually in a large plastic bucket and four samples (50 g each) taken for cyanide 
analysis as described earlier (C ooke, 1979). Two subsequent factory visits were 
m ade in each analytical series to collect samples o f sedimented starch and dried 
product (Fig. 1).

Stability o f  cyanide in root homogenates

A  sam ple o f  disintegrated whole root tissue prepared using a Hobart mill, as 
described above, was hom ogenized in a Waring blender (400 g tissue +  250 ml o f  
distilled water) for 2 x  2 m in, and spread onto a shallow (1 cm) aluminium tray. 
Sam ples (50 g in duplicate) were taken immediately after transfer to the tray and 
periodically until 4 hr later. The trays were stored at ambient temperature 
(28°C) during this period. The hom ogenate was sufficiently viscous to prevent 
the water from separating out, the layer of material was mixed with a ladle just 
prior to sampling.

A  similar experim ent used tissue that was milled in the Hobart using a sheer 
plate. T he average dim ensions o f such slices were 4.99 (s.d. 1.03) x  1.35 (s.d. 
0.17) x  0.11 (s.d . 0.04) cm, length x  width x  thickness, for ten such slices. 
T h ese slices were m ixed with the same proportion o f water (400 g+ 250  ml of 
water) and placed in identical trays.

Results

The starch extraction process

T he basis o f  the small scale starch extraction process, common in tropical 
Latin A m erica, is shown in Fig. 1. This process varies between factories with 
regard to the efficiency o f root washing and peeling, extent o f tissue dis­
integration on m illing, manner o f washing out the starch and design o f the 
sedim entation  tanks. The variants used by the two factories studied are 
described in the previous section. The raw material comprises mixtures o f the 
tw o com m on C osta Rican cassava cultivars grown in different locations, with 
differing post-harvest storage periods. Six different production runs were 
analysed at each stage o f the process for free and bound cyanide and starch 
concentrations. This repetition was considered necessary in view o f the variable 
raw m aterial and arbitrary process control, e .g . the decision to cease elution o f  
the m illed pulp is based on a visual assessment o f the wash water and o f the pulp.

T he cassava is processed continuously in the factories, but the production was 
interrupted on these six occasions and the roots corresponding to one drum load  
w eighed  (usually about 320 kg) and processed separately; this permitted  
m easurem ent o f the quantity o f water used and o f the weight o f residue pro­
duced. T he data in Tables 1 and 2 have been standardized to relate to 100 kg dry 
w eight o f raw material (which is similar to one washer-drum load). Averages of 
the data for the four production runs studied in factory A  are shown in Table 1. 
The m oisture and starch contents o f the four different fractions studied are
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Table 1. Starch concentrations at the different process stages: Factory A

Process stage
Moisture content
(%)

Dry matter 
(kg)

Starch cone. 
(% dry basis)

Quantity of 
starch (kg)

Milled cassava 72.8 100 78.4 78.4
Residue 85.3 28.4 61.9 17.6
Green starch 44.7 73.9 82.3 60.8*
Dry starch 8.6 71.7 84.8 60.8*

*Quantity of starch present in green (and dry) starch is calculated by subtracting that 
in the residue from that in the milled cassava, i.e. assuming that there are no further 
starch losses following separation of the residue (see text). The dry-matter weights of 
these fractions is calculated from these starch quantities and the measured starch and 
moisture contents.

Table 2. Starch concentrations at the different process stages: Factory B

Process stage
Moisture content
(%)

Dry matter 
(kg)

Starch cone. 
(% dry basis)

Quantity of 
starch (kg)

Milled cassava 88.3 100 73.2 73.2
Residue 89.3 22 41.9 9.2
Green starch 74.4 86.1 74.3 64.0*
Dry starch 6.0 76.5 83.7 64.0*

*As explained in Table 1.

similar for these four sets o f analyses (± 5 % ), and are similar to those measured  
in factory B (Table 2). Factory B used more water than factory A , average data 
are 600 1/100 kg o f roots and 4501/100 kg, respectively. This, combined with the 
different milling and elution system, which may be more efficient (though this 
was not obvious from pulp appearance) could explain the more efficient starch 
rem oval from the residue. The residues from factories A  and B contain 22.5%  
and 12.6% , o f the cassava starch, respectively.

It is not possible to weigh the sedimenting starch (green starch) from one  
batch (drum load) o f roots, without causing 3 days disruption in the factory (Fig. 
1). T he quantity o f starch in the green starch and dry starch fractions (Tables 1 
and 2) is therefore a calculated figure: the starch present in the raw material less 
that present in the residue. This is an over-estim ate, since starch is lost in the 
water draining from the sedim entation tanks, and during the green starch 
transfer to the drying trays. The final starch yields in Tables 1 and 2 are 77.5%  
and 87.4% , respectively. This corresponds to 1 part by weight of starch from  
about 4 .5  parts o f raw material, whereas the subjective data o f the factory 
ow ners is 1 part o f starch from 5 or 6 parts o f raw material.

T he starch concentrations in the factory B samples were determined both by 
the m ethods o f G aines (1973) and Krochmal and Kilbride (1966). This compara­
tive study was done because the starch concentration o f the green starch by the
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G aines (1973) m ethod is, surprisingly, only slightly higher than that o f the raw 
m aterial. This m ethod depends on the purification o f the gelatinized starch by 
iodine com plex form ation. Starch-iodine com plex formation depends on starch 
m olecular w eight (W histler & Paschall, 1965). The slow sedimentation process 
(Fig. 1) is accom panied by lactic acid fermentation, which causes starch 
hydrolysis (Cardenas & de Buckle, 1980). This partial hydrolysis is likely to 
reduce the starch-iodine affinity and lead to an underestimation o f starch 
contents by the G aines m ethod.

T he Krochmal and Kilbride m ethod (1966) is quicker but less specific: the 
sam ple is hom ogenized in water, sieved and dried to constant weight. W holey  
and B ooth  (1979) recom m ended this simple m ethod for starch determination in 
cassava roots. Starch contents are overestimated since all root com pounds (e .g . 
proteins, other polym ers, etc.) are estim ated as starch. Starch degradation does 
not affect this m ethod. This may explain the higher starch concentrations in the 
residue, green and dry starch fractions reported by the latter method: 51% , 91%  
and 100% respectively as compared with 41.9%  74.3% and 83.7% respectively 
(T able 2) by the G aines m ethod. B oth methods give similar values for cassava 
raw material.

Cyanide stability in root homogenates and sampling considerations

B oth  factories are 2 -3  hr from the CITA laboratories and initial experiments 
w ere necessary to evaluate the effects o f such a delay prior to sample prepara­
tion . H om ogenization  o f w hole roots in water leads to the rapid conversion of 
bound cyanide to free cyanide (Fig. 2), which is rapidly lost from the hom o­
genates. T he experim ent was repeated with a range o f different cassava: water 
ratios b etw een  1 :0 .7  to  1 :2 (by weight) and similar rates o f loss of cyanide to

Figure 2. Stability of the total and free cyanide contents of cassava root homogenates. 
The homogenates were stored at 28°C in shallow trays, as described in the materials 
and methods section of this paper. The free cyanide content (A) is expressed as a 
percentage of the total cyanide content (A) at each time.
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those shown in Fig. 2 were observed. This rapid loss o f cyanide depends 
primarily on the initial conversion o f bound to free cyanide (Cooke & 
M aduagwu, 1978). This is emphasized by experiments (p. 246) in which thin 
slices o f cassava water were stored in water under the same conditions as 
those o f Fig. 2. The damaged surface area permits linamarase action on the 
bound cyanide, but the percentage of free cyanide is much less than that in 
hom ogenates. The residual cyanide after 4 hr is about 75%, as compared with 
35% in the hom ogenates.

Figure 2 indicates that samples must be processed in the factory to obtain a 
representation o f cyanide distribution during the process, and to determine the 
proportion o f cyanide that is free. The samples at each process stage were 
w eighed into phosphoric acid within 5 min o f sampling, mixed and stored in 
stoppered bottles. The phosphoric acid inactivates endogenous linamarase and 
stabilizes the cyanide content o f the sample (C ooke, 1978).

Residual cyanide concentrations during starch extraction

T he cyanide behaviour in the two factories is shown in Tables 3 and 4. The 
cyanogenic glucosides are rapidly hydrolyzed during milling; in the milled pulps 
from both factories 70-80%  of the cyanide is present as free cyanide. This 
percentage remains betw een 80 and 100% for the cyanide in the wash water and 
freshly sedim enting starch; but after 2 -3  days sedimentation (green starch) and 
sun-drying (dry starch) this percentage decreases, presumably because the free 
cyanide is rem oved faster than the residual bound cyanide is hydrolyzed during 
these later phases. The endogenous linamarase is wholly or partly inhibited by 
the acid conditions (C ooke, B lake & Battershill, 1978) and the reduced water 
activity during these later phases.

The m illing processes in both factories reduce the total cyanide content by 
about 15%. The residue from factory A contains about twice as much o f the 
initial cyanide as that from factory B. This is in accordance with their relative 
starch contents(Tables 1 and 2) and confirms that the extraction procedure of 
factory B is more effective than that o f factory A .

T he greatest proportion o f the cassava cyanide appears in the wash water 
(40-70% ). In factory A , the long shallow wooden canals permit a slower 
sedim entation o f the eluted starch than in factory B which has deeper sedi­
m entation tanks. Consequently the wash water sample from factory A  has a 
higher solids and cyanide content than that from factory B; both samples were 
taken about 1 hr after the start o f the milling operation. Samples o f sedimenting 
starch, taken about 2 hr after the start of the milling operation, are variable in 
solids and cyanide content. This variability arises from the quantity and pressure 
o f  wash water used, thickness o f starch layer already in the tank, etc. In the six 
batches tested , the percentage o f the initial cyanide present in this sedimenting 
starch varies betw een 8 and 14%. This percentage decreases to 2 .5-3.9%  in the 
sedim ented or green starch (2 -3  days later).
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T he green starch is spread onto trays and periodically crumbled by hand to 
assist drying. Drying is stopped 2 -5  days later depending on product appear­
ance; this corresponded to a moisture content range o f 5-10% . The residual 
cyanide concentration o f 1-4 p .p .m . corresponds to a quantity o f cyanide 
betw een  0.1 and 0.7%  of the cyanide initially present in the raw material.

Discussion

M inor differences in cyanide and starch distribution during starch extraction are 
evident in the two factories (Tables 1-4). This probably relates to the differences 
in process conditions described in the Materials and m ethods section (p. 252) o f  
this paper. The same basic trends are however evident in all the data. A  large 
percentage o f  the cyanogenic glucosides are rapidly hydrolyzed to free cyanide 
follow ing tissue disintegration during milling. The short time involved leaves 
little opportunity for a microbial role in this hydrolysis. The conversion rate is 
similar to that shown in a laboratory experiment (Fig. 2) using distilled water 
and relatively non-contam inating conditions; this indicates that endogenous 
linam arase is responsible for the hydrolysis.

A n  earlier study (C ooke & M aduagwu, 1978) showed that free cyanide is 
rem oved far more rapidly than bound cyanide by soaking in water, this explains 
the presence in the wash water of a large proportion o f the cassava cyanide. 
M euser et al. (1978) indicated concern about the possible cyanide content o f  the 
wash water used in starch extraction (which they did not analyse), and 
recom m ended that this water must be heated to decom pose the linamarin 
present. T he relative stability o f the /3-glucoside would necessitate an extreme 
heat treatm ent (W ood, 1966). H owever the data presented here (Tables 3 and
4) indicate that the problem is simpler since the wash water cyanide is mainly 
free cyanide.

T he freshly sedim enting starch contains about 8-14%  of the cyanide present 
in the raw material, and this is reduced during the 1-3 day sedimentation to less 
than 4% . This sedim entation is accompanied by a natural fermentation which 
Cardenas and de Buckle (1980) have shown to be caused by lactic acid bacteria. 
T he pH  drops from 6.5 to 3.5 within 2 -3  days and then remains stable for the 
8 -2 0  day period used in Colombia to produce sour starch. This sour starch 
undergoes considerable hydrolysis during the 8-20 day fermentation period, 
which is responsible for the improved functional properties in the traditional 
baked product, pan de yuca (de Buckle etal., 1978). Ngaba and L ee (1979) have 
reported that lactic acid fermentation is also responsible for the characteristic 
flavour and aroma o f ‘gari’, a W est African fermented cassava product.

In Costa R ica, the starch is left to sediment a maximum of 3 days. The wash 
water pH  drops sharply after the first 18-24 hr, in agreement with earlier studies 
(C ook e & M aduagwu, 1978). The reduction in cyanide content during this 
period may be simply due to the continued elution o f the cyanide during 
sedim entation , or it could reflect microbial activity. Meuser (1978) stated that
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ferm entation  does not rem ove linamarin, while Dahlberg (1978) stated that 
ferm entation reduces toxicity; neither author presented supporting data.

C ook e and Maduagwu (1978) had shown that slow, low temperature drying 
processes rem ove residual cyanide more effectively than rapid high temperature 
ones. This is in accordance with the considerable reduction in cyanide content 
caused by sun-drying the green starch. The cyanide concentration of 1-4 p .p.m . 
corresponds to less than 1% of the cyanide content initially present in the raw 
cassava. Pieris, Jansz and Kandage (1974) and M euser (1978) reported a few  
analyses o f  cassava starch products using less sensitive assay techniques, the 
ranges were 4-11 p .p .m . and 0 -2 .5  p .p .m ., respectively. These authors did not 
m easure the cyanide content o f the raw material or o f the intermediate 
products. A  key step in obtaining these very low residual cyanide concentrations 
is the conversion o f most o f the bound cyanide to free cyanide in the initial 
process stage. Free cyanide is much easier to remove than bound cyanide 
(C ook e & M aduagwu, 1978), and the extended mixing with water, soaking in 
water (with associated ferm entation) and slow sun-drying constitute an efficient 
process for rem oving this residual cyanide.

T he starch yields are similar to those reported in Colombia (de Buckle et al., 
1978), i.e . about 20% of the fresh weight of the raw material. Improved yields 
can be obtained by rapid, large-scale processes, depending on centrifugal 
separation o f the starch; this minimizes starch degradation and increases its 
value for m ost applications (Dahlberg, 1978). Water requirements are about 
20%  o f those used in the traditional factories studied here, which minimizes 
pollution  problem s. H ow ever, the rapid sedimentation and drying involved is 
likely to reduce the efficiency o f cyanide removal, for the reasons described 
above. This may cause problems in view o f increasing medical concern (Ermans 
etal., 1980) about residual cyanide levels in foodstuffs.
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Nutritional, fatty acid and oil characteristics of different 
agricultural seeds

B .S . K A M E L ,* J.M. d e M A N  a n d  B. BLA C K M A N

Summary

R ecently  increased attention has been given to the utilization o f agricultural 
w aste products to produce food, feed, fertilizer and as a raw material in certain 
industries. Such utilization could not only help maximize available resources but 
at the sam e time minimize waste disposal problems. Nutritional and oil 
characteristics o f different seeds were investigated. On a dry basis protein 
contents o f  43, 34, 16.1 and 36.9%  and oil contents o f 19, 50.6, 35.9 and 25.7%  
w ere found in m aple, pumpkin, citrus and apple seeds, respectively. 
D eterm ined  food  energy values averaged 626 kcal/100 g (26.2 kJ/g). The seeds 
were found to have valuable amounts o f essential minerals. The major fatty acid 
com position  was 18 :2  (linoleic) at concentrations o f 39.1, 58.9, 31.9 and 45.6%  
and total saturated fatty acids o f 16.8, 19.7, 42.8 and 12.4% and cis, cw-PUFA  
contents were 34.1, 46.8, 19.8 and 45.6% , respectively, for maple, pumpkin, 
citrus and apple; no measurable amounts o f trans fatty acids were found.

Introduction

It has been stated (Kramer & K wee, 1977a) that only 20-30%  of plant material 
grown in the U .S . is utilized directly for human consumption. If the remaining 
portion o f this material, or even part of it, could be converted into nutrients for 
food  or feed  or into fertilizer, an important contribution to food resources and 
industrial products could be made. A t the same time waste disposal problems 
w ould be m inimized. Such utilization could be done econom ically only in 
locations where such resources are available in large quantities. If different 
vegetab le and fruit seeds were to be utilized they could provide significant
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Canada NIG 2WI.
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am ounts o f calories and proteins and also could provide extra income to 
farmers.

D ifferent seeds are being utilized for food and feed especially legumes as a 
result o f  their high protein content. Guar seed has recently been utilized in India 
and Pakistan (Arora, 1981). Tom ato seed cake was found to contain over 39% 
protein and its am ino acid com position compares favorably with that o f soybean 
protein (V icchiotti & Piva, 1964). Kramer and Kwee (1977b) found that tomato  
protein concentrates from process wastes have protein quality similar to that o f  
soy  protein or cotton seed concentrate. Several seeds o f the Cucurbitaceae have 
been investigated for their oil and protein values. Oil from the seeds o f bottle 
gourd (Luffa) has been used to som e extent in Nigeria. The oil content is about 
45.7%  (O m idiji, 1977), 83.1%  of the total fatty acids are com posed o f oleic and 
Iinoieic acid and the protein content is 37.5% . M elon seed oil has also been  
utilized in many areas o f Nigeria. The oil content was 51% and 74% o f the fatty 
acids which were oleic and Iinoieic (Girgis & Said, 1968).

T he problem s o f industrial and farm waste are becom ing more and more 
difficult to handle and, therefore, every effort has to be made by scientists to 
investigate the nutritional and industrial potential of available unutilized 
agricultural products, especially in countries where other resources are limited.

M aple seeds are unutilized and could be collected in large quantities. Citrus 
and apple seeds are a by-product o f food processing plants. Pumpkin seeds are 
partially utilized by direct consumption but large quantities are wasted.

R ecently, much emphasis in research has been directed toward protein 
shortages and less attention has been directed toward finding new oil and fat 
resources. The present study was undertaken to determine the nutritional 
potential, o il content, fatty acid com position and oil characteristics of maple, 
pum pkin, citrus and apple seeds.
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Materials and methods

Materials

M aple seeds (Acer saccharum) were obtained from the seed extraction plant, 
M inistry o f  Natural Resources, Angus, Ontario. Unroasted pumpkin seed  
kernels, Cucurbita mixta, were obtained from a local health food store and citrus 
seeds w ere extracted from fresh tangerines and oranges. McIntosh apple seeds 
w ere supplied by the Departm ent of Horticultural Science, University of 
G uelph.

Methods

T he kernels o f puthpkin and maple and the whole seeds of apple and citrus 
(kernel and testa) were used for proximate analysis and mineral com position  
determ ination.
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M oisture content was determined directly on all seeds using an air oven drying 
m ethod  at 102°C for 6 hr. The rest o f the seeds were dried in an air flow oven at 
65°C for 6 hr, then ground in a W iley mill to pass through a U .S . standard 20 
m esh sieve. The ground seeds were dried in a vacuum oven at 60°C for 6 hr, 
stored in glass containers, placed in a desiccator and stored at 4°C until used.

Proxim ate analysis was performed in duplicate in accordance with the 1975 
A O  A C  Procedures. Ether extraction for crude fat using Soxhlet apparatus, 
m acro-K jeldahl for crude protein (%N x  6.25), ash by heating at 550°C 
overnight and crude fiber by digestion with 1.25% H >S04 and 1.25% N aO H  
using a F ibertec analyzer (Tecator H oganes, Sweden). Food energy values were 
determ ined using an oxygen bomb calorimeter (Parr Instrument, U .S .A .)  and 
calculated energy values were obtained by using the conversion factor 9 for fat 
and 4 kcal/g for protein and carbohydrate.

T he m ethod described by the H ealth Protection Branch, Canada Department 
o f  H ealth  and W elfare (1977) was used for the dry ashing and mineral 
determ inations and an atom ic adsorption spectrophotom eter was em ployed to 
m easure M g, Fe, Zn, Cu, Ca and K. The spectrophotometric molybdovanadate 
m ethod (A O A C  22.042, 1975) was used for determination of phosphorus.

Fatty Acid  Analysis

O il from the w hole seeds o f apple, and citrus and the kernels o f pumpkin and 
m aple w ere extracted with a mixture of 2 :1 v/v chloroform/methanol using a 
solvent ratio o f 2 0 :1 . The seed-solvent mixture was hom ogenized using a 
Sorvall Om ni mixer (Ivan Sorvall, U .S .A .)  for 3 min and the procedure 
described by Folch, L ees & Stanley (1957) was followed to obtain the oil. The 
m ethyl esters o f  the fatty acids were prepared using the procedure described by 
Shehata, deM an & Alexander (1970). Fatty acid methyl esters (FA M E) were 
analyzed with a Varian 3700 gas chromatograph on a 125 cm stainless steel (I.D .
3.2 m m ) colum n packed with 15% D E G S on Chromosorb W -60/80 mesh and 
operated  at 180°C.

T he cis, cis m ethylene interrupted polyunsaturated fatty acids (P U F A ) were 
determ ined by the lipoxidase m ethod described by the H ealth Protection  
Branch, Canada Departm ent o f H ealth and W elfare (1967). Isolated trans fatty 
acids w ere determ ined according to AO CS procedure (C d -1 4 -6 1 ,1975) using a 
B eckm an IR 4230 infrared spectrophotom eter.

O il Characteristics

R efractive indices o f the different oils were measured at 60°C with a Zeiss 
refractom eter, solidification and melting ranges were determined using 
differential scanning calorimetry (D uPont 900 thermo-analyzer). Iodine values 
(A O C S  C d -1 -2 5 , 1974), saponification values (AO CS C d -3-25),
unsaponifiable matter (A O C S C a -6 0 -4 0 ,1974) and acid values (AO CS C d -3a- 
63, 1974) were all determ ined in triplicate and their mean values were reported.
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Iod ine values were also calculated from the fatty acid com position using the I. V. 
o f the individual fatty acids and free fatty acids expressed as % oleic and palmitic 
acids w ere calculated by dividing the acid values by 1.99 and 2.19 for oleic and 
palm itic acids, respectively.

Results and discussion

T he m oisture content o f pumpkin and maple kernels was 5.1 and 6.4% , 
respectively, and the w hole seeds o f apple and citrus had moisture levels o f 31.5 
and 50.5% , respectively.

T he nutrient com position o f the seeds is presented in Table 1. The range of 
protein  contents was 16.1 to 43% , and oil contents were 19, 50.6, 35.9 and 
25.7%  for m aple, pumpkin, citrus and apple, respectively. The oil contents of 
pum pkin and citrus are high and compare well with other oil seeds such as 
sunflow er, soybean and peanut. Pumpkin oil content and characteristics were 
also com parable to other cucurbitaceae such as m elon and luffa (Girgis & Said, 
1968; Porterfield, 1955).

Table 1. Proximate composition of the different seeds (% dry basis)

Components

(%)

Maple Pumpkin Citrus Apple

Crude protein 43.00 34.04 16.15 36.93
Crude oil 19.03 50.59 35.92 25.68
Ash 7.05 4.13 3.78 3.76
Crude fiber 4.97 3.74 18.31 12.02
Carbohydrate (by difference) 25.95 7.50 25.84 21.61
Determined energy kcal/100 g 569 711 633 593
Calculated energy kcal/100 g 447 621 491 465

T he crude fiber content o f citrus 18.3% and apple 12.0% were much higher 
than m aple 4.9%  and pumpkin 3.7% . This can be explained by the fact that the 
m aple and pum pkin seeds had been dehulled. Determ ined food energy values 
o f all seeds averaged 626 kcal/100 g which is relatively high compared to other 
seeds. T he determ ined energy values were higher than the calculated values 
with an average difference o f 19.2%.

T able 2 shows the mineral com position o f the different seeds. The Fe content 
was 8 .8 , 10.7, 21.2 and 7.6 mg/100 g for maple, pumpkin, citrus and apple, 
respectively. Ca content o f maple and citrus seeds was 740 and 480 mg, 
respectively. M aple and pumpkin seeds were high in phosphorus containing 910 
and 950 mg, respectively. M aple and apple seeds are good sources o f Mg with 
contents o f 340 and 320 mg, respectively. The potassium content ranged from  
630-1690 m g/100 g. A  fair amount o f Cu and Zn was also present.



Table 2. Mineral composition of the different seecs (mg/100 g 
dry basis)
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Minerals mg/100 g

Seeds K Fe Mg Ca P Cu Zn

Maple 1690 8.79 340 740 910 3.25 6.14
Pumpkin 630 10.73 90 79 950 1.49 8.01
Citrus 1000 21.15 240 480 250 1.93 2.25
Apple 720 7.56 320 230 600 2.71 3.85

T he lipid com position o f the seeds is listed in Table 3. The major fatty acid o f  
m aple, pum pkin, citrus and apple oil was 18 :2 (linoleic) as shown in Table 3 
with contents o f 39.1, 58.9, 31.9 and 45.6% , respectively. Such a com position is 
a typical characteristic o f seed oils. Citrus oil was found to have an exceptionally 
high content o f  16 :0  (palmitic) at 34%. Maple oil contained 5 .8 % of 18 : 3. Such 
com positions are not very com m on among oils originating from plant products. 
Total saturated fatty acids were 16.8, 19.7, 42.8 and 12.4% and unsaturated 
fatty acids were 83.2, 80.3, 57.2 and 86 .6 % for maple, pumpkin, citrus and 
apple, respectively.

Table 3. Fatty acid composition of the different seed oils 
(wt. %)

Wt. (%)

Fatty acids Maple Pumpkin Citrus Apple

16:0 8.5 13.8 34.0 9.0
18:0 6.3 5.9 6.1 2.3
18:1 38.3 21.4 25.3 41.3
18:2 39.1 58.9 31.9 45.6
18:3 5.8 — — 0.7
20:0 2.0 — 2.7 1.1

Total saturated 16.8 19.7 42.8 12.4
Total unsaturated 83.2 80.3 57.2 86.6
cis, d.v-PUFA* 34.1 46.8 19.9 45.6

*cis, cis methylene interrupted polyunsaturated fatty 
acid.

T he cis, cis m ethylene interrupted polyunsaturated fatty acids (PU FA ) 
determ ined enzym atically indicated that maple, pumpkin, citrus and apple oil 
contain  34.1, 46 .8 , 19.8 and 45.6% , respectively. N o measurable amount of 
trans fatty acids were detected in all o f the seed oils. Trans fatty acids are usually 
form ed during the processing and hydrogenation of fats and oils.



2 6 8 B. S. K am el, J. M . deM an an d  B. B lackm an

Table 4. Oil characteristics of the different seeds

Characteristics Maple Pumpkin Citrus Apple

Refractive index nD6"' 1.4599 1.4615 1.4592 1.4613

Solidification range C° — - 4  to -48 - 2  to -50 —

Melting range C° -12.5 to -40 + 2 to -46 -  2 to -24 -12.5 to -37.5

Iodine value determined 112 119 81 116
Iodine value calculated 116 120 77 114

Saponification value 172 207 189 195
Acid value 4.15 3.55 0.82 4.35

Free fatty acid as:
% Oleic 2.09 1.78 0.41 2.18
%Palmitic 1.89 1.62 0.37 1.99

Unsaponifiable matter 1.6 0.9 2.3 1.8

D ifferent oil characteristics are presented in Table 4. The solvent extracted 
oils stayed liquid at room temperature as indicated by their melting and 
solidification ranges. Visual colors o f the oils were dark green, pale green, 
yellow  and brown for pumpkin, maple, citrus and apple, respectively. Small 
variations betw een calculated and determined iodine values were observed. The 
determ ined iodine values were 112, 119, 81 and 116 compared to the calculated 
values o f 116, 120, 77 and 114 for maple, pumpkin, citrus and apple, 
respectively. The saponification values were 172 ,207 ,189  and 195, respectively. 
This is within the range o f other plant oils. Acid values o f maple, pumpkin and 
apple seed  oil were high, with values o f 4.15, 3.55 and 4.35, respectively. The 
acid value for citrus seed oil was 0.82. The unsaponifiable matter was in the 
range o f  0 .9 -2 .3  which falls within the range o f that o f other plant oils.

T he results o f this investigation show that maple, pumpkin, citrus and apple 
seeds constitute useful products o f high nutritional value. The seeds could be 
utilized successfully in oil extraction and as a source o f protein concentrates for 
hum an consum ption, and as a high energy feed source for animal and poultry. 
T he seeds may also be used as a fertilizer due to their high mineral and nitrogen 
content. Research on possible toxicity and econom ical feasibility should be 
conducted. For full utilization o f the seeds, more work is also needed to 
establish different possible uses.
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Bioconversion of sugar cane bagasse for celluiase enzyme and 
microbial protein production

S. K. G A R G  A N D  S. N E E L A K A N T A N

Summary

A  pilot scale (10 1) fermenter trial was conducted for the production o f cellulase 
enzym e and single cell protein by growing a cellulolytic mould Aspergillus 
terreus G N t on 1.0% alkali-treated sugar cane bagasse substrate. A  maximum  
crude protein content o f 29.8%  in the biomass was obtained during 4 days 
ferm entation from the initial alkali-treated bagasse having 3.0% crude protein 
content. The carboxymethyl cellulase (CM Case) activity was almost 0 u/ml 
during the first 24 hr, which increased during 96 hr incubation to 0.52 u/m l, and 
corresponded with the highest filter paper enzym e (FPase) activity o f 0.032 
u/m l. There was an alternate decrease and further increase in water soluble 
carbohydrate during 96 hr incubation, which increased finally to 7.9% . There 
was no cellu lose utilization during the first 24 hr o f incubation. H owever, the 
cellu lose o f  sugar cane bagasse substrate was utilized subsequently and a 
m axim um  o f 72.5%  o f  the initial cellulose was utilized up to 96 hr fermentation  
tim e.

Introduction

N early 90%  of the cellulolytic waste is derived from agricultural sources, and the 
rest from  urban and industrial wastes (H an, 1978). A lthough the annual produc­
tion  o f  these wastes is sufficient to satisfy the yearly cellulosic demands, little is 
utilized because o f  poor technology to develop feasible systems for waste 
m anagem ent and its utilization. The cellulosic wastes have a great potential for 
their utilization as substrates for single cell protein (SCP), cellulase enzym e, 
energy and fuel production (Garg, Batish & Neelakantan, 1980). For these 
purposes, these wastes have to be first hydrolyzed by cellulolytic enzymes. 
B acteria and fungi have been o f particular interest in fermentation o f cellulosic
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agricultural wastes because o f their relatively short fermentation times, which 
enable them to be used econom ically for converting cellulosic wastes to glucose, 
which in turn could serve as the substrate, through secondary fermentation, for 
the production o f microbial protein (Rogers, 1973), glucose syrups, fuels, 
chem icals, food and alcohol (Appell et al., 1971; A llen, 1976; Andren, 1977; 
Spano, M edeiros & M andels, 1976; Davis, 1975; W ilke et al., 1976; Savarese & 
Y ou n g, 1978; Cysewski & W ilke, 1976). Trichoderma viride and T. koningii are 
tw o main m oulds being utilized for cellulase production. However, Chahal and 
H awksworth (1976) and Garg and Neelakantan (1981a) have recently reported 
that the m ould species o f  Geotrichum cellulolyticum and A. terreus G N , were 
good  cellulase, as well as protein producers. Single cell protein production 
through bioconversion o f substrates by algae, bacteria, moulds and yeasts has 
b ecom e increasingly important because o f their shorter generation time, rapid 
biom ass production, lack o f land requirement and the wide range o f substrates 
on which they can be grown. The use o f single cell protein has already becom e 
fam iliar in livestock and poultry feed com ponents and can possibly be a 
potential source for human consumption as well in under nourished countries.

T he microbial utilization o f native cellulose in substrates is slower than the 
pretreated or denatured cellulose. A lthough various forms o f pretreatment of 
cellu losic materials have been proposed, their effectiveness varied depending 
upon the nature o f the substrate (Han, Dunlap & Callihan, 1971). Han and 
Callihan (1974) reported that treatment o f rice straw and sugar cane bagasse 
with 4.0%  N aO H  for 15 min at 100°C increased the digestibility o f cellulose from
29.4  to 73% . Garg and Neelakantan (1982a) reported that eventhough the 
alkali-treatm ent o f sugar cane bagasse resulted in 45% loss in dry matter, the 
delignified and decrystallized cellulose was made more biodegradable through 
m icrobial enzym e action. Garg and Neelakantan (19816, 1982a) standardized 
the optim um  cultural and nutritional conditions for the growth o f A. terreus G N , 
on 1 .0 % alkali-treated sugar cane bagasse substrate as sole carbon source in a 
m odified C zapek’s broth viz., pH 4.0, 5.0% (v/v) inoculum of week-old culture, 
2 8 ± 1 °C  incubation and continuous aeration. The present investigation deals 
with the ferm enter trial for single cell protein and cellulase enzyme production 
by growing A. terreus G N , on 1.0% alkali-treated sugar cane bagasse substrate 
under optim um  cultural and nutritional conditions.

Materials and methods

Micro-organisms

A. terreus G N  i , an efficient cellulolytic mould isolated from a mixture o f sugar 
cane bagasse and cellulosic agricultural waste undergoing biodegradation and 
characterized in our laboratory, was used for the present investigation. The 
standard pure culture was maintained on Czapek’s agar slants impregnated with 
filter paper strips as a sole carbon source (Garg & Neelakantan, 1981a).
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Preparation o f  substrate

O ne part o f sugar cane bagasse powder was pretreated with twenty parts of 
4.0%  sodium  hydroxide solution by autoclaving for 30 min at 121°C. The 
recovered material was washed repeatedly with distilled water ’til neutrality. 
T he pretreated bagasse was dried in an oven at 60°C and ground to 40 mesh size.

Cultivation conditions

T o investigate the optimum fermentation time in a pilot scale fermenter o f 10 
litres capacity with optimum cultural conditions viz., pH, aeration, shaking, 
tem perature, dose o f inoculum, nutritional factors, different nitrogen sources 
and charging rate o f bagasse substrate on microbial protein and cellulase 
enzym e production, a modified Czapek’s broth (Haynes, Wickerham & H essel- 
tine, 1955) was used containing (per litre): 600 mgN o f cornsteep liquor; 1.0 g 
K H 2P O 4; 0.5 g KC1; 0.5 g M gSCT^H^O and 10.0 g alkali-treated sugar cane 
bagasse substrate. It was adjusted to pH 4.0, autoclaved and after cooling 
poured aseptically into a sterilized fermenter and then inoculated with 5.0%  
(v /v) inoculum  o f a week-old  A. terreus G N i. Also added was 0.2% (v/v) 
sterilized anti-foam ing agent (10% v/v Aerocil in liquid paraffin). The 
ferm enter was operated at 28±1°C  with a continuous aeration of 2.0 1/min. 
H ow ever, the agitator was driven at 120 rev/min at alternate 6 hr intervals, 
during 96 hr ferm entation for occasional mixing o f the fermenting slurry.

Harvesting

T he sam ples o f fermenting slurry were drawn periodically, every 12 hr for 4 
days. A bout 200 ml o f each sample was centrifuged at 10 000 rev/min for 15 min 
and the residual solid biomass was mixed with distilled water and filtered 
through W hatman N o. 1 filter paper to harvest fungal biomass (SCP) along with 
unferm ented bagasse substrate. The contents were washed repeatedly with 
distilled  water to rem ove any soluble nitrogen (absorbed from medium) adher­
ing to  the biom ass. T he filter paper along with biomass was oven dried at 60°C to 
a constant w eight, and was analyzed for its nitrogen content, water soluble 
carbohydrate and residual cellulose.

T he supernatant liquid after centrifugation was used for the assaying o f  
cellulase enzym e activity.

Analytical determination

Crude protein. The total nitrogen content o f the dried biomass was estimated  
by the conventional K jeldahl’s m ethod (A O A C , 1975).
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(1) Filter paper enzyme activity (FPase). A  quantity, 0.4 ml o f the supernatant 
liquid was added to 0.6 ml o f 0.05M citrate buffer at pH 4.8 and 50 mg Whatman 
N o. 1 filter paper strip (1 x 6  cm) and incubated for 120 min at 50°C.

(2) Carboxymethyl cellulase activity (CMCase or CX). A  quantity, 0.2 ml o f  
supernatant liquid was added to 4.5 ml o f 1.0% carboxymethyl cellulose (CM C) 
(1.0%  CM C was prepared in 0.05m citrate buffer, pH 4.8) and 0.3 ml o f 0.05M 
citrate buffer, and incubated for 120 min at 50°C.

T he quantity o f reducing sugars released in each FPase and CMCase assay 
after incubation was measured by the dinitrosalicylic (D N S) method (Miller, 
1959). T he enzym e activity is expressed as /¿mol glucose released/min/ml of 
supernatant liquid as enzym e solution.

(3) Water soluble carbohydrates (WSC). O ne gram dried and milled sample of 
microbial biom ass was treated with 100 ml o f 0.25N sulphuric acid. O ne millilitre 
o f this extract was diluted to 25 ml with distilled water and 1.0 ml of the diluent 
was m ixed with 0.15 ml o f 80% aqueous phenol and 5.0 ml o f concentrated  
sulphuric acid. The intensity o f yellow-orange colour was measured with an 
E lico-Spectrocol at 490 nm and compared with the sugar standard curve. Water 
solub le carbohydrate was expressed in terms o f percentage on dry weight basis 
(D u b ois etal., 1956).

(4) Cellulose estimation. Two hundred mg o f sample in 10.0 ml distilled water 
was hom ogenized  and centrifuged at 2000-3000 rev/min for 5 min and the 
supernatant liquid was discarded. The residue was mixed thoroughly in 3.0 ml 
acetic/nitric reagent (acetic/nitric reagent was prepared by mixing 150 ml of 
80% acetic acid and 15.0 ml concentrated nitric acid). The tubes were placed in 
boiling water bath for 30 min. Tubes were again centrifuged and the supernatant 
liquid was discarded. The residue was washed thoroughly with 10.0 ml distilled 
water and after discarding the supernatant liquid, 10.0 ml o f 67% sulphuric acid 
was added and kept for 1 hr at room temperature. One millilitre o f this was 
diluted to 100 ml with distilled water. O ne millilitre o f the above diluent was 
m ixed with 4 .0  ml distilled water and kept in an ice bath for cooling. Ten 
m illilitres chilled anthrone reagent (prepared by adding 0.2 g anthrone to 100 ml 
concentrated sulphuric acid) was added to each tube. The contents were mixed 
gently on a vortex-m ixer and returned to the ice bath. These tubes, with glass 
m arbles on  top (for condensing the evaporating steam ), were placed in a boiling 
water bath for 16 min. The intensity o f green colour was read on an Elico- 
Spectrocol at a wave-length o f 620 nm against a reagent blank and cellulose 
content was extrapolated against cellulose standard curve (Updegraff, 1969).

A s s a y  o f  cellu lase en zym e  activity

Results and discussion

T he effect o f  incubation time on cellulase enzym e production by A . terreus G N , 
on alkali-treated sugar cane bagasse substrate is presented in Fig. 1. The
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Figure 1. Effect of growth of A. terreus GN, with alkali-treated bagasse on cellulase 
enzyme activity in 10-1 fermenter. • ,  carboxymethyl cellulase (CMCase) activity 
(Y,); O, filter paper enzyme (FPase) activity (Y2).

carboxym ethyl cellulase (CM Case) activity was zero during the initial 24 hr of 
ferm entation and then slightly increased up to 48 hr. Then there was a significant 
increase in CM Case activity up to 84 hr. The CMCase activity was in the range o f  
0 .0 2 -0 .6  u/m l after 84 hr fermentation and then decreased subsequently, when 
ferm entation was prolonged up to 96 hr. The filter paper enzyme (FPase) 
activity ranged between 0.012-0.032 u/ml during 96 hr fermentation and 
corresponded positively with CM Case activity up to 84 hr incubation. Even  
though the CM Case activity was 0 u/ml during the first 24 hr fermentation, the 
culture filtrae show ed a little FPase activity suggesting thereby that CMCase and 
FPase activities are associated with two different polypeptide com ponents o f a 
m ulticom ponent cellulase enzym e com plex system , which are induced indepen­
dently. The maximum FPase activity o f 0.032 u/ml was achieved at 96 hr 
incubation as com pared to CM Case activity, which was maximum at 84 hr 
ferm entation. Flowever, Garg and Neelakantan (1982«) reported that the maxi­
m um  CM Case activity of 0.9 u/ml and FPase activity of 0.076 u/ml could be 
obtained with alkali-treated bagasse substrate in a continuously shaken flask 
trial for 4 days under the same set o f conditions. The reduction in the activity o f  
cellu lase enzym e in the fermenter trial can be attributed to its intermittent 
shaking. T he similar results on CM Case and FPase activities o f 0.4 and 0.04 u/ml 
w ere obtained in intermittently shaken flasks with N aN O :i as nitrogen source 
with alkali-treated bagasse substrate (Garg & Neelakantan, 19816). W hen 
untreated bagasse substrate at 1.0% concentration (w/v) with cornsteep liquor 
as nitrogen source was used in the continuously shaken flask trial with A. terreus 
G N i for 4 days, the CM Case and FPase activities were 0.45 and 0.019 u/ml 
(G arg & N eelakantan, 19826).
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Time of Incubation (hr)

Figure 2. Effect of growth of A. terreus GN, with alkali-treated bagasse on crude 
protein and cellulose utilization in 10-1 fermenter. O, crude protein (Y,); # , cellulose 
utilization (Y2).

T he efficiency o f sugar cane bagasse cellulose utilization and its correlation  
with the crude protein content of the biomass produced by growing A. terreus 
G N i is presented in Fig. 2. The mould utilized bagasse cellulose in the range of
25 .6 -7 2 .5 % , when it was allowed to grow for 96 hr in the fermenter. There was 
no initial utilization o f cellulose substrate in alkali-treated sugar cane bagasse 
during the first 24 hr. This might be due to the preferential utilization of the 
initial water soluble carbohydrate present in the substrate and the repression of 
cellulase enzym e synthesis due to the presence o f the threshold concentration  
(approxim ately 8.0% ) o f water soluble carbohydrate. W hen the sugar level 
w ent b elow  the critical repression level after 24 hr, the bagasse cellulose induced 
the synthesis o f  cellulase enzym e and concomitantly increased the cellulose 
utilization from 0 to 25.6%  at 36 hr fermentation. N o further cellulose was 
utilized as there was no more increase in cellulase enzym e activity. H ence, there 
was a positive correlation betw een cellulase enzyme induction and efficiency of 
sugar cane bagasse cellulose utilization. The crude protein content of the fungal 
biom ass ranged betw een 10.5-29.8%  as compared to 3.0% crude protein in 
control treated bagasse sample. The crude protein content of 28.0%  was 
obtained with 72.5%  utilization o f bagasse cellulose at 84 hr incubation period. 
H ow ever, 29.8%  crude protein was present in the biomass harvested after 96 hr 
ferm entation but the bagasse cellulose utilization did not increase from 72.5% . 
It indicates that after 84 hr, the fungus grew at the expense of available water 
solub le carbohydrate, which decreased from 9.70% to 7.89%  during 84 to 96 hr 
ferm entation. H en ce, crude protein content of biomass and bagasse cellulose 
utilization had a direct correlation with each other ’til 84 hr incubation time. 
H ow ever, A. terreus G N i produced 25.7% crude protein and utilized a maxi­
mum o f 70.1%  cellulose from alkali-treated sugar cane bagasse, when grown in 
continuously shaken submerged culture flasks for 4 days under similar nutri­
tional and cultural conditions (Garg & Neelakantan, 1982a). W hen untreated  
bagasse substrate at 1.0% concentration (w/v) with cornsteep liquor as nitrogen
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source was used in continuously shaken flask trials with A. terreus G N i for 4 
days, the biom ass crude protein was 14.0% and the bagasse cellulose utilization 
was only 8.5%  (Garg & Neelakantan, 19826), Araujo & D ’Souza (1978) 
reported that A. terreus Thom  Pale strain brought about 68.0-85.0%  utilization 
o f treated rice straw cellulose with 44.4%  of protein in residual biomass during 1 
w eek  ferm entation.

Figure 3. Effect of growth of A. terreus GN, with alkali-treated bagasse on water 
soluble carbohydrate and pH in 10-1 fermenter. • ,  water soluble carbohydrate (Y,); 
O, pH (Y2).

Figure 3 depicts the levels o f water soluble carbohydrate and change in 
hydrogen ion concentration (pH ) during fermentation of alkali-treated sugar 
cane bagasse by A . terreus G N  i for 96 hr in the fermenter. The results indicate an 
initial decrease in water soluble carbohydrate from 7.36% , which was present 
originally in alkali-treated sugar cane bagasse substrate to 3.68% during the first 
24 hr o f ferm entation. The alternate decrease and increase in water soluble 
carbohydrate in a regular fashion may be explained on the grounds o f induc­
tion and repression o f cellulase enzyme at a particular concentration o f water 
soluble carbohydrate. This behaviour o f water soluble carbohydrate variation 
can also b e explained on the basis of end product (feed back) inhibition of 
cellu lase enzym e system (Sternberg, 1976; Ryu & M andels, 1980). The oscilla­
tions in water soluble carbohydrate may also be due to the changes in fermenta­
tion conditions o f the slurry, which was agitated at 6 hr intervals for the 
occasional mixing o f the fermenting slurry along with continuous aeration o f 2.0  
1/min. T he variation in free sugars in the biomass might also be due to 
sim ultaneous preferential utilization o f initially available sugars and subsequent 
hydrolysis o f  bagasse cellulose by cellulase enzym e com plex. The initial pH o f
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4 .0  in the ferm entation broth increased gradually to 6.7 during 72 hr ferm enta­
tion follow ed by a slight decrease up to 6.42 at 96 hr fermentation time. The 
extent o f sugar ferm entation remains directly related to acid production, but the 
decrease in hydrogen ion concentration i.e ., increase in pH , in the present 
study, could possibly be due to simultaneous utilization o f acids by the mould 
(M andels, Sternberg & A ndreotti, 1975).

T he beneficial effect o f  cornsteep liquor with alkali-treated bagasse substrate 
was significantly higher over sodium nitrate nitrogen source (Garg & N eelakan­
tan, 19816). The enhanced growth and activity of A. terreus G N i with cornsteep  
liquor may be attributed to the fact that besides nitrogen, it also supplies a 
balanced source o f carbon, sulphur, mineral salts, amino acids and growth 
factors, which might have contributed to enhanced cellulose utilization and 
protein production (R hodes & Fletcher, 1977).

Conclusion

From the above results, it was observed that by using alkali-treated sugar cane 
bagasse (1.0% ) as substrate with A. terreus G N X during 4 days fermentation, a 
maximum biom ass crude protein content o f 29.8%  with 72.5%  bagasse cellulose 
utilization could be obtained. In the case o f 4 days fermentation in a con­
tinuously shaken flask trial using untreated bagasse substrate, the crude protein  
content in biom ass was only 14.0% and in comparison, the fermenter trial using 
alkali-treated bagasse yielded 112.9% more crude protein content in biomass 
(G arg & N eelakantan, 19826). The untreated sugar cane bagasse has 30.8%  
cellu lose content and much o f it is ligno-cellulose form and during 4 days 
ferm entation with A. terreus G N t, only 8.0% of the cellulose was utilized to 
yield biom ass crude protein content o f 14.0%. In the case o f alkali-treated 
bagasse substrate with a dry matter recovery of 55.0% containing 51.7% cellu­
lose , much o f it in available form, the present fermenter trial has yielded a 
biom ass crude protein content o f 29.8%  with 72.5% cellulose utilization. H ow ­
ever, the present fermenter trial has yielded 16.0% more crude protein content 
in the biom ass than did the continuous shaken flask trial for 4 days.
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Cholesterol content of poultry meat and cheese determined by 
enzymic and gas-liquid chromatography methods

J. K A R K A L A S , A . E . D O N A L D  a n d  K. M. CLEGG

Introduction

A n  upsurge o f  interest in the cholesterol content of foods has inspired the 
application o f new techniques to replace the older m ethods o f analysis. For ex­
am ple, som e o f  the data included in the recent edition o f ‘The Composition o f 
F ood s’ (Paul & Southgate, 1978) are based on analysis by gas-liquid chromato­
graphy (G L C ) and a laboratory kit is available from Boehringer Corporation 
Ltd. (B C L ) for the enzym ic determination of cholesterol. The principle of the 
BC L m ethod is based on oxidation by cholesterol oxidase with the liberation of 
hydrogen peroxide which then oxidizes methanol to formaldehyde in the 
presence o f  catalase; the formaldehyde reacts with acetylacetone and NFL to 
yield lutidine which is spectrophotom etrically measured at 450 nm.

T he present study was undertaken to compare the merits and reproducibility 
o f the above two m ethods. M ost o f the test materials were poultry meat but two 
varieties o f  cheese were also analysed for cholesterol content.

Materials and methods

T o provide sam ples for investigating the two methods o f analysis, a whole 
chicken was cut in half longitudinally; one half was cooked in a ‘Roastabag’ at 
190°C for 1 hr. The raw and cooked chicken were divided into skin, leg, wing, 
light m eat (breast) and dark m eat from the spinal and pelvic regions o f the bird. 
Sam ples o f  roasted light and dark turkey meat were also obtained. The cheese 
varieties w ere D ou b le G loucester (hard) and Edam (semi-hard). A ll samples 
w ere m echanically hom ogenized in a M oulinex chopper® before taking portions 
for analysis.

M oisture content was determined by drying after mixing with sand, as des­
cribed by Pearson (1976) for meat and cheese. Fat content was determined by

Authors’ address: Department of Food Science and Nutrition, University of Strathclyde, 131 
Albion Street, Glasgow G1 1SD, Scotland.

0022-1163/82/0400-0281 $02.00 © 1982 Blackwell Scientific Publications

19



2 8 2 J. K arka las, A . E. D o n a ld  a n d  K . M . Clegg

the W erner-Schm id m ethod (Pearson, 1976).
T he G LC procedure o f Kovac et al. (1979) has been slightly modified. 

A  Pye 104 chromatograph fitted with a flame ionization detector and a glass 
colum n (1.5 m x 2  mm i.d .) packed with 3% OV-17 on Gas Chrom Q (100/120 
m esh) was used; the injector, column and detector temperatures were 250°C 
and the nitrogen, hydrogen and air flow rates were 30, 30 and 500 ml/min 
respectively. Sam ples o f test material (0.5 g) containing approximately 0 .4 -0 .6  
m g cholesterol were refluxed with ethanolic KOH in 25 ml pear-shaped Quickfit 
flasks for 1 hr and the unsaponifiable com ponents were extracted with four 5 ml 
portions o f  «-hexane. The com bined extracts were dried by distillation and, 
finally, in an air oven. On cooling, 0.5 ml «-hexane containing 0.3 mg 5a- 
cholestane as internal standard was added. A  sample (3 -4  /ul) was injected on to 
the colum n. Derivatization was unnecessary.

B C L  provide an instruction sheet (Cat. N o. 139050) for the enzymic 
determ ination o f cholesterol. Samples (1.5 g) were refluxed with aqueous 
m ethanolic K O H , the supernatants were transferred to 25 ml volumetric flasks 
and the residues were twice extracted by further refluxing with isopropanol; the 
com bined supernatants were made up to volum e with isopropanol and 0.4 ml 
sam ples w ere taken for analysis. Separation from the saponified material was 
unnecessary.

A ll the results are the average of a minimum of duplicate analyses.

Results and discussion

B oth  the G LC and the enzym ic m ethods gave a linear response with increasing 
concentration o f cholesterol; recovery values for cholesterol subjected to the 
extraction procedure were 97.7 and 99.2% , respectively. Table 1 shows the 
cholesterol contents o f 14 samples determined by GLC and enzymic analysis. 
T he agreem ent betw een the two m ethods is very good. Moisture and fat values 
are included so that the cholesterol content may be related to the dry weight or 
fat content.

T he com m ercially available oxidase derived from Nocardia erythropolis 
reacts with any sterol having the hydroxyl group at carbon atom 3 in the 
/3-position. Thus, phytosterols such as stigmasterol and sitosterol, present in 
vegetab le oils, will interfere in the enzym ic analysis o f cholesterol. Rietsch and 
E ntressangles (1980) have found a similar situation with the sterol oxidase of 
Mycobacterium, except that the rate o f reaction is faster for cholesterol relative 
to  the phytosterols. For the purpose of this comparative study, the investigation  
was therefore restricted to animal products. H owever, it was established that 
interference from other sterols would not occur in GLC analysis under the 
conditions em ployed as 5a-cholestane, cholesterol, stigmasterol and ß- 
sitosterol were eluted after approximately 8 ,1 9 , 27 and 31 min respectively.

T he G LC procedure (Kovac et al., 1979) no longer requires the preparation of  
derivatives; the possibility that removal o f the unsaponifiable components might
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Table 1. Moisture, fat and cholesterol contents of poultry meat and cheese

Moisture
(g/100g)

Fat
(g/100g)

Cholesterol (mg/100 g fresh wt. )

Sample GLC Enzymic Published*

Chicken (raw)
skin 41.3 48.6 128 130 —
leg 75.4 5.9 90 91 —
wing 76.4 5.9 98 9t —
light meat 74.7 5.0 67 70 69
dark meat 69.1 11.7 107 109 110

Chicken (cooked)
skin 46.8 44.2 73 78 —
leg 71.8 8.0 120 122 —
wing 71.0 8.4 136 140 —
light meat 67.7 5.3 80 80 74
dark meat 60.2 15.4 92 93 120

Turkey (cooked)
light meat 70.3 4.1 82 79 62
dark meat 62.2 5.3 89 84 100

Cheese
Edam 44.3 23.2 59 61 72
Double Gloucester 39.7 32.3 83 83 —

*(Paul & Southgate, 1978)

also be unnecessary was investigated by injecting the extract prepared for 
enzym ic analysis on to the GLC column. H owever, the saponified fatty acids 
and other com ponents interfered and since there was danger o f damage to the 
colum n packing this short-cut is not recomm ended.

It is suggested that both the enzymic and the GLC m ethods are equally 
reliable and reproducible for the determination o f cholesterol in animal products 
but G LC analysis is recom m ended for foods known to contain a mixture o f  
animal fats and vegetable oils.
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Technical note: Drying fruit purées on an improved pilot plant 
drum-drier

J. A . K ITSO N  and  D . R . M acG R E G O R

Introduction

Fruit purées are consum ed directly as desserts or baby food and used as 
ingredients in such varied products as jams, fruit flavour yoghurt and chutney 
sauces. A  m ajor portion o f fruit purées are preserved by heat sterilization in 
consum er-size metal or glass containers or by aseptic processes involving sterile 
filling into bulk containers. Since purées contain 85-90%  water there are distinct 
shipping/cost advantages to reducing water content by concentration or de­
hydration. D ehydrated fruit purées containing 2-4%  water have other 
advantages attributable to product form. The dry material as flake, granule or 
pow der may be packed in inexpensive single serving vapour proof pouches. 
Pouch contents may be reconstituted with water and used as a dessert or as 
infant food . Form ed into small tablets, dry purées may be used as ingredients in 
baked goods and products such as cake or muffin mixes. Fruit purée flakes, 
usually com bined with spices, are used as an ingredient in cooked breakfast 
cereals. Flakes may also be mixed with fruit juice concentrates and honey or 
other sw eeteners to  produce reformed dry fruits (Kitson & Britton, 1978).

Various m ethods o f producing dry fruit purées that have been used com ­
m ercially include:

(1) drying fruit pieces to low moisture, generally using vacuum driers, then 
crushing or grinding the dry product to form powder or granules;

(2) foam  mat-drying by mixing purée with a foaming agent, spreading the 
foam  on a perforated belt or trays, blowing craters in the foam to improve the 
drying rate then drying in a flow o f warm air and finally grinding or crushing the 
foam  to  granules or powder ;

(3) spray or tower-drying using either warm air or low humidity cool air;
(4) drum-drying using either a double drum-drier or a single drum with 

applicator rolls.
O f these m ethods, drum-drying is mechanically the simplest, most rapid and 

probably least expensive means o f producing low-moisture dry purées. The 
main drawbacks are heat damage to som e sensitive products and the physical 
problem s o f  forming and handling dry product sheets.

Authors’ address: Agriculture Canada Research Station, Summer.and, B.C.
0022-1163/82/04004)285 $02.00 ©  1982 Blackwell Scientific Publications
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D ou b le  drum-driers or single drums with applicator rolls to provide an even  
thickness o f product feed have been used for drying a number o f food products 
including dry cereal foods, mashed potatoes, mashed potato with meat or fish 
purée, apple sauce, milk and tom ato purée to name a few (Hohenschuh, 1970). 
Products with low sugar and high insoluble solids content such as mashed 
p otatoes or pea purée form friable dry sheets at the doctor-blade that can simply 
slide down a chute to a product receiver.

Products, such as fruit purées, with relatively high sugar contents form 
cohesive sheets when they are still hot. These tend to roll into an amorphous 
mass at the doctor-blades and will not slide down the product chutes.

In order to produce an acceptable flaked product from fruit purées it is 
necessary to rem ove the sheet at the doctor blade and cool it to room tempera­
ture before it reaches the product receiver. To achieve this the product sheet 
m ay be taken from the doctor blades and passed over take-off rolls rotating at a 
suitable speed to either stretch or compress the sheet. Simultaneously with 
product removal via take-off rolls it is desirable, when drying thermoplastic 
products such as most fruit purées, to cool the hot plastic product as it is being 
rem oved from the drums at the doctor blades. To m eet these requirements it is 
necessary to add independently controlled variable speed take-off rolls and a 
cool-air supply to a basic double drum-drier.

Methods

This note describes how a commercially built pilot plant size double drum-drier 
was m odified to incorporate variable speed take-off rolls, cool-air flow directed 
at the doctor blade area and ventilation system to remove saturated air from the 
area beneath the drums. R em oving moist air from beneath the drums signifi­
cantly increases the moisture removal rate during the drying process.

T he basic m achine described here is a M odel 2 GF drier flaker built by Mathis 
M achine C orp., Indiana, U .S .A . The drums are 12.7 cm diam. by 23.4 cm long, 
chrom e-plated steel driven by a sprocket chain from a 7-70 rev/min variable 
speed  m otor. Steam is fed in and condensate removed via co-axially mounted  
lines led through slip joints on one end o f the drums. The com plete unit is 
installed on a 147x81 x 2 cm steel plate. The plate sits on 90 cm legs to provide a 
convenient working height. The factory supplied unit has adjustable drum 
clearance, adjustable doctor blades, and spring-mounted end plates to hold the 
product pool in the nip o f drums.

In order to make possible drum-drying o f fruit purées the following modifica­
tions were m ade to the basic unit:

( 1) Drum rotation speed was changed to a lower range by installing a jackshaft 
to give a 4 :1 speed reduction in the sprocket drive system. This allows a drum 
rotation speed range o f 0 .5 -6 .6  rev/min and product residence time on the drum 
o f 6 .4 -8 5  sec.
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(2) A  m ounting base for both the take-off rolls and the cool air supply tubes 
was installed to fit inside and underneath the drum-drier support assembly. 
A pproxim ate locations o f the take-off rolls and cool-air supply are indicated in 
Fig. 1. W orking drawings o f this base, take-off roll and cool-air supply assembly 
are also available in a technical report prepared by the authors and associates 
(K itson etal., 1981).

Figure 1. Modified drum-drier.

(3) T ake-off rolls 42 mm diam. were m ounted on the base and provided with a 
separate variable speed drive and jackshaft to give a roll rotation speed range of 
0.4—6.6 rev/m in. Light-weight, round, rubber drive-belts were used throughout 
this system . The lightness and elasticity of these belts eliminates any need for 
safety guards.

(4) The two 30 mm i.d. cool-air supply tubes each with seven 6 mm holes 
spaced 30 mm apart were m ounted as shown in Fig. 1. Air flow from these 
outlets was directed at the doctor-blade area. Cool air was supplied to this system  
by connecting a 1 5 x 3 3 x 3  cm core size heat exchanger via a plenum and two 40 
mm diam. flexible hoses. A  10 cm diam. squirrel cage blower was installed to 
provide air flow through the system. In the authors’ pilot plant, line water at 
15°-20°C is passed through the radiator to provide air cooling. In warmer 
locations a supply o f refrigerated water might be needed.

(5) A  12 cm diam. hole was cut in the base plate directly beneath the nip o f the 
drums and connected via tubing o f the same diameter to a 15 cm diameter 
squirrel cage blower. This system was designed to remove moist air from below  
the drums thus improving the drier’s capacity.
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(6) A  plexiglass cover was built for the feed portion o f the drums. This 
prevents product splatter from the feed pool and promotes a natural draft to aid 
in rem oval o f water vapour. Product feed into the pool is via a Masterflex W X  
1R057 peristaltic pump with a N o. 7018 head. This pump feeds through an 8 mm  
i.d . flexible tygon tube. Feed rate can be varied from 114-2280 ml/min using this 
pum p system .

Conclusion

W ith the described modifications the drier has been used to produce low- 
m oisture flakes from a wide range o f fruit purées. Products with relatively high 
fibre contents such as apple, banana, apricot, guava, papaya, and cranberry can 
be dried successfully without additives, provided the fruit is not over-ripe. The 
degree o f maturity that can be handled varies with fruit species and variety. 
Purées with lower fibre contents such as raspberry, strawberry, and blueberry 
require addition o f fibre to aid in sheet formation at the doctor-blade. Fibre 
additions in the form o f low methoxyl pectin at up to 1% have been found 
satisfactory for drying berry purées. A s an alternative, berry purées mixed 1 +  1 
with unsw eetened apple purée have been drum-dried satisfactorily.

T o retard oxidation during storage o f drum-dried fruit sauce flakes it is desir­
able to  add an antioxidant such as sulphur dioxide to the purée before it is 
dried. The addition o f 400 p .p .m . S 0 2 to apple purée before drying, for 
exam ple, will retard off-flavour formation in the dry product stored for two years 
at 20°C in polyethylene bags. Oxidative off-flavours in dry purées may be further 
controlled by storing the product in gas tight containers in inert atmospheres 
such as nitrogen or carbon dioxide.

B y using suitably modified equipm ent, a minimum of additives and adequate 
packaging it should be possible to develop a large selection of dry purées from  
tropical and tem peratate zone fruits. These products can be packaged in­
expensively, are lightweight for shipping, easily reconstituted and have a 
num ber o f  potential uses for remanufacture.
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Book reviews

Food Packaging Materials: Aspects of analysis and migration of 
contaminants. B y N. T. Crosby.
London: A pplied Science Publishers Ltd, 1981. P p x iii+ 190. IS B N 0-85334- 
926-6 . £14.00

G lass, paper and tinplate have been used as food packaging materials for many 
years. Plastics are a relatively recent innovation, and the amount and type used 
continues to grow. It is thus reasonable that plastics should be the major topic in 
this book. T he author has sensibly included in his subtitle the words ‘Aspects 
o f .  This has enabled him to concentrate particularly on the areas o f the subject 
with which he is know ledgeable and the areas which he knows are important. 
This is preferable to misleadingly com prehensive titles seen on other books, that 
subsequently disappoint both readers and reviewers with their uneven  
coverage.

In the first chapter food packaging requirements are reviewed. The author 
considers the history o f food packaging and food preservation, the role o f  
m icro-organism s in food  spoilage and the control o f spoilage by heat processing, 
freezing etc. Sim ple tables illustrate the proportions o f different packaging 
m aterials used since 1971. A  number o f selected food groups are listed and there 
is a paragraph or two on the particular packaging requirements o f each group. 
This chapter is a short and excellent introduction to the book and, indeed, to the 
subject.

T he second chapter is devoted to a description o f the different types o f  
polym ers used for food packaging. The reviewer does not believe that all vinyl 
polym ers may be referred to as polyolefins as is implied on page 22. Chapter 3 
covers the determ ination o f monomers and, as might be expected, most space is 
d evoted  to the problems associated with vinyl chloride.

Chapters 4 and 5 discuss toxicological aspects and international legislation  
respectively. U nder the toxicological heading are included wide ranging items 
on toxicity, risk benefit analysis, carcinogenesis, epidemiology and the 
extrapolation o f animal data to man. It is against this background that any risks 
from those polym er m onom ers that may be carcinogens, are assessed. 
International legislation cannot be covered comprehensively in seventeen pages 
but nevertheless much information is given, including an introduction to the 
M aterials & Articles in Contact with Food Regulations SI 1978 N o. 1927.

T he theory o f migration is discussed in som e depth in Chapter 6. Much o f the 
value o f  this chapter is lost by som e unfortunate lapses, possibly at the proof­
reading stage. Thus Ficks’ first law is m isquoted on page 109, as is the Freundlich
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adsorption isotherm on page 116. The error function term is omitted from the 
solution  o f a diffusion equation quoted on page 112 making nonsense o f the 
resultant expression.

T he experim ental determination o f migration is well-described with particular 
em phasis on the concept o f global migration with olive oil as the extractant. 
M any analytical chemists have struggled with the EEC draft method of this 
procedure. The final chapter contains short items on non-polymeric packaging 
materials.

Each chapter has a generous list o f references and there are some suggestions 
for further reading. O ne or two o f the references, known to the reviewer, have 
been  m isquoted or inadequately described in the text.

This is a very interesting book and should prove useful both to students who 
need  to study food  packaging and to persons in the packaging industry who are 
not normally concerned with potential migration problems. Am ong its many 
virtues is the author’s ability to see and assess the subject o f migration o f  
contam inants into foodstuffs against a technical, social and historical backcloth. 
Its w eak points are the occasional lapses referred to above.

J. T. Davies

Protein Functionality in Foods. Ed. by J. P. Cherry, (A .C .S . Symposium  
Series 147)
W ashington, D .C .: American Chemical Society, 1981. P pxi+332. ISBN 0-8412- 
0605-8 . $36.75.

Students and research workers, and industrial product developm ent and quality 
control specialists, who take up this very topical subject, will quickly appreciate 
that it is in a very active state o f evolution. Even the definition o f ‘functionality’ 
is a subject for debate. The Editor o f this compendium accepts it as ‘any 
property o f a substance, beside the nutritional ones, that affects its utilization’. 
H e therefore includes appearance and flavour, though to many workers in this 
field functionality means physico-chemical properties.

The subject is beset with problems o f m ethodology. Very few experimental 
m ethods are standardized and it is virtually impossible to compare results 
obtained in two different laboratories. Variability in raw material and its 
processing history, as well as the presence of non-protein com ponents, add 
to  the problem s, but also to the opportunities. Protein of biological origin is 
never ‘pure’, and even after the most elaborate processing one is still dealing 
with a com plex mixture o f chemical entities.

D esp ite  these pitfalls, this volume is a valuable compilation. It comprises a 
general introduction by A . Pour-El (whose contribution to the same series—  
N o. 92 on ‘Functionality and Protein Structure’— must already be well known), 
fo llow ed  by chapters by recognized authorities on colour, flavour volatiles,
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texturization, solubility and viscosity, adhesion and cohesion, gelation and 
coagulation , whippability and aeration, water and fat absorption, emulsifiers 
and em ulsification, nutrient bioavailability, enzyme modification and multiple 
regression m odelling o f functionality.

T he stimulus for functionality studies com es from the developing availability 
and utilization in the food and feeds industries o f raw materials such as milk and 
soyabean proteins. These are likely to be forerunner o f many others, and the 
tim e may not be far off when such products are accepted as normal ingredients 
o f m ost form ulated foods. This book can be recommended as a ‘m ust’ for food  
specialists concerned with the relevant technology. It is up-to-date, well 
referenced and informative, particularly in relation to methods and 
applications.

B. J. F. Hudson

Microbiological Applications of Gas Chromatography. By D .B . Drucker. 
Cambridge: Cambridge University Press, 1981. Pp. viii+478. ISBN 0 -5 2 1 -  
22365-2 . £45.00.

This book  is intended to be a practical guide for users o f the technique o f gas 
chrom atography in microbiology. It consists o f seven chapters and reviews the 
literature up to the end o f 1978. The first chapter is concerned with the principles 
and practices o f gas chromatography and is quite thorough, although injection  
system s for capillary columns and techniques for switching gas flows between  
colum ns could have been covered in more detail. The next four chapters deal 
directly with applications and cover the analysis o f fermentation products, 
detection  o f  micro-organisms, analysis o f structural com ponents (lipids, 
proteins, nucleic acids, polysaccharides, teichoic acids and peptidoglycans) and 
the analysis o f  m etabolites. A s the author freely admits the term 
‘m icrobiological’ in the title has been interpreted rather liberally and this is 
especially  apparent in Chapter 5 which includes analysis for com ponents of 
alcoholic beverages without considering which o f them are directly attributable 
to microbial action. The last two chapters are more specialized and deal with 
pyrolysis gas chromatography and the rapidly developing subject of 
com putation o f data.

A s a practical users guide the book succeeds, and the technique of condensing 
inform ation on the evolution of particular methods into tables is particularly 
effective. T he chapter on detection o f micro-organisms is stimulating and food  
technologists may well wonder why gas chromatography is not more widely used 
for studies with spoiled foods. Unfortunately the ‘cookery book’ style that the 
author has chosen to adopt has promoted an uncritical acceptance o f gas 
chrom atographic m ethods for applications, such as fatty acid profiling, where
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other m ethods o f  analysis, especially high performance liquid chromatography, 
m ay be m ore appropriate.

T he m ore specialist chapters on pyrolysis gas chromatography and data 
handling are the least effective in the book. The pyrolysis chapter describes 
equipm ent which is obsolete and well behind the ‘state o f the art’ and also 
confuses pyrolysis mass spectrometry with pyrolysis gas chromatography 
w ithout proper description or explanation. In fact the interface between gas 
chrom atography and mass spectrometry is not well described in this book.

T he data handling chapter provides an adequate description of calculations 
for m easures o f association but fails to emphasize the growing importance of 
m ultivariate analysis. The author reveals his unease with this subject by 
describing a principal com ponents plot as an example of discriminant analysis, 
which it is not! H e is also obsessed with the transfer o f digital information to a 
com puter by punched paper tape when most modern data processing devices 
utilize m agnetic storage media (e.g. floppy disc).

D esp ite  these criticisms the book will undoubtedly prove useful for those 
m icrobiologists who are considering the use o f gas chromatography for the first 
tim e or want to extend the usefulness o f an existing instrument. It will certainly 
produce an appreciation o f the full range of applications and the variety o f  
available m ethods.

C. S. Gutteridge.

Microbial Ecology of Foods (Micro-organisms in Foods 3): Volume I: 
Factors affecting life and death of micro-organisms. Volume II: Food 
commodities. By The International Commission on M icrobiological 
Specifications for Foods.
N ew  York: Academ ic Press, 1980. Vol. I: P pxvi+ 332 .IS B N  0-12-363501-2. 
£16.60. V ol. II: Ppxxii+665. IS B N 0-12-363502-0. £33.60. (Set Price: £43.20.)

T he long awaited sequel to Micro-organisms in Foods 1: Their Significance and 
Methods o f Enumeration and Micro-organisms in Foods 2: Sampling fo r  
Microbiological Analysis has at last arrived. Each one o f these books represents 
the culm ination o f many years o f work by a large international body of authors 
supported by a large number o f consultants. In the case o f Microbial Ecology o f 
Foods, twenty-five authors, helped by a further thirty-nine named consultants, 
and seventeen  other contributors were involved over a 4 year period. Although  
each chapter was the responsibility o f one or two authors, it is stressed in the 
Preface that the work is ‘not a collection o f separately authored chapters, but 
each chapter fits into an overall schem e to provide com plete coverage o f all 
im portant aspects o f food m icrobiology’. Since the editorship of the volumes 
resided in an editorial com m ittee o f eight, it might be feared that this would 
result in som ething analogous to the camel— the animal purportedly designed
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by a com m ittee! In fact Microbial Ecology o f Foods proves to be a cohesive and 
well integrated work. A lso it is much more readable than its predecessors (in 
which the précis-style o f writing tended to discourage leisurely reading o f the 
w hole books), since not only does it have an attractive literary style, but also it is 
presented  in a pleasant typeface and is well laid out.

V olum e I contains 12 chapters covering the environmental factors that affect 
m icro-organism s in foods, namely: Temperature; U .V . Irradiation; Ionizing 
Irradiation; R educed W ater Activity; pH and Acidity; Oxidation-Reduction  
Potential; Organic Acids; Curing Salts; Antibiotics; Gases; Packaging; and 
C leaning, D isinfection  and Hygiene. A  further two chapters deal with Injury 
and Its E ffect on Survival and Recovery and Interacting Factors Affecting  
M ixed Populations. The ICMSF suggest that Volum e I can stand alone as a basic 
text in food  m icrobiology, for exam ple for undergraduates or postgraduates 
w ho have already had a course in general microbiology. In this context, it would  
be useful if the publishers were to issue a cheaper, soft-back version o f this 
V olu m e. T he V olum e is also intended to give the theoretical background 
required to  appreciate fully the material presented in Vollum e II.

V olum e II contains 15 chapters, all but one of these dealing with specific 
com m odities: M eats and M eat Products; Poultry and Poultry Meat Products; 
F eeds o f A nim al Origin and Pet Foods; Milk and Milk Products; Eggs and Egg 
Products; Fish and Shellfish and Their Products; Vegetables, Fruits, Nuts and 
Their Products; Soft Drinks, Fruit Juices, Concentrates and Fruit Preserves; 
C ereals and Cereal Products; Spices; Fats and Oils; Sugar; Cocoa, Chocolate 
and C onfectioneries; M iscellaneous Foods; and Natural Mineral Waters. The 
rem aining chapter is on Preventing Abuse o f Foods after Processing and 
includes much information relevant to catering establishments.

T w o points need to be made about Micro-organisms in Foods 3, in the context 
o f  its relationship to the previous two works. Firstly, Micro-organisms in Foods 
1 and 2  are handbooks suitable for constant reference in laboratories etc., and 
requiring, for day-to-day use, minimal cross-reference to the publications 
referred to in the bibliographies. In the case o f this latest work, however, the 
em phasis is slightly different. Intended as ‘a source o f information for those who 
m ust interpret the results o f  microbiological analyses conducted on foods’, it 
nevertheless cannot give totally com prehensive and self-contained coverage of 
the w hole subject in 1000 pages. The reader must therefore use the books to 
orientate thinking and to give the background information which must then be 
built on by reference to specific works given in the list o f references. For 
exam ple, in the one page allotted to Precooked Frozen Foods— a type of 
com m odity o f increasing importance in countries with highly industrialized food  
sectors— it is stated that ‘the production o f safe products depends upon careful 
hazard analyses’, which ‘begins with the developm ent of a process flow diagram 
. . . specific for the food , process, equipment and plant involved’, and ‘requires 
the establishm ent o f critical control points’. H owever, ‘because o f the wide 
variety o f products involved, no attempt will be made either to generalize or to 
deal w ith specific products’. The success o f these books must therefore depend
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in part on the com prehensiveness of the literature references that can be 
fo llow ed  up, and in part on the delineation and illustration of the general 
principles and provision of essential data o f a generalized nature. To give just 
one exam ple— the table and graph to show relationship between pH and 
proportion o f undissociated organic acid (such as acetic, benzoic, citric etc.) can 
be used in conjunction with the table on anti-microbial spectra of these organic 
acids to m ake a prediction of the likely effect of adding a specific organic acid to 
a specific food product o f known pH. M ostly, the information in Volum e I 
provides just this sort o f background information. H owever, in Chapter 1 it 
would have been helpful in the discussion on the effect of the freezing process to 
indicate w hether this was dependent on the freezing rates encountered in 
practice. A lso  the multiple-hit target theory o f death caused by high 
tem peratures was not m entioned, although it has important implications in the 
application o f experim entally determined D-values and z-values.

Secondly, the nature o f the international character of the books needs to be 
understood. The ICMSF, since its inception, has been concerned with 
international co-operation amongst food microbiologists in an endeavour to 
encourage both the introduction of standard m ethodologies and agreement on 
m icrobiological specifications for foods moving in international trade. These 
latest volum es therefore continue this emphasis, and the discussions on food  
com m odities in Volum e II tend to concentrate on such foods with only passing 
m ention o f the microbial ecology and problems o f food produced and con­
sum ed entirely within a country or region of a country. O f course only by 
m aking such a decision could the ICMSF have produced a work on the microbial 
eco logy  o f foods which was o f an econom ically feasible length. However, in 
consequence, the food microbiologist, epidem iologist or public health worker 
cannot expect to find detailed discussion of problems specific to their country or 
region. N evertheless it would be wrong to give the impression that the scientist 
or technologist concerned with regional foods would not find relevant 
inform ation in these books. Volum e I, by its very nature, should assist food  
m icrobiologists in identifying the likely microbiological problems o f a given 
food  or predicting those o f a proposed new product, provided that relevant 
production m ethods for the constituent materials and food, and the physical and 
chem ical parameters are known. In addition useful information may be 
obtained in V olum e II by reference to analogous foods.

T he production o f Microbial Ecology o f Foods represents a significant 
achievem ent on the part o f all involved, and its publication a landmark in the 
science o f food  m icrobiology. W e must hope that the bookshelves of every 
m icrobiological laboratory in the food industry and related government 
establishm ents will have these books added to them, alongside the previous two 
publications.

W. F. Flanigan
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Fats and Oils: Chemistry and technology. Ed. by R. J. Hamilton and A. 
Bhati.
London: A pplied  Science Publishers Ltd., 1980. Pp. xii+255. ISBN 0-85334- 
915-0 . £24.00.

In the Preface the editors make the point that, while there are many good books 
on the chem istry and biochemistry o f lipids, there is a conspicuous lack of 
m odern texts on the chemistry and technology o f oils and fats. This book was 
intended to fill the gap, and com es near to doing so in some chapters but falls 
w oefully  short in others. The book is a collection o f papers originally presented  
at a sym posium , and its scope was thus restricted by the availability o f speakers. 
Som e authors have written good chapters, but others appear to have made little 
effort to convert their original lecture into a form suitable for publication. The 
literature cited at the end o f each chapter ranges from 6-108 correctly presented  
references to a ‘Bibliography’ consisting o f two issues o f / .  Am. O il Chem. Soc. 
(with no authors or page numbers!). There is even one chapter with a single 
reference to the obsolete 3rd edition o f B ailey’s Industrial Oils and Fats where 
50-100  recent references could easily have been given!

T he first five chapters deal with aspects of the chemistry of lipids. In Chapter 1, 
W .W . Christie updates his book Lip id  Analysis (1973) without much overlap 
o f material. H e describes most o f the modern methods for qualitative and 
sem i-quantitative analysis o f com plex lipids and discusses their limitations, but 
avoids the ultimate problem of how to obtain reference materials for accurate 
calibration o f instrumental systems.

D . W addington’s chapter on applications of continuous wave and pulsed  
nuclear m agnetic resonance (N M R ) in the oils and fats industry gives a useful 
summary o f N M R  theory, and a critical appraisal o f the applications o f NM R  
com pared with the longer and tedious classical procedures such as dilatometry.

F .D . G un ston e’s review o f natural oxygenated acids (Chapter 3) is interesting 
but regrettably brief (12 pages). It is surprising that there is almost no mention  
here (or in Chapter 10) of the numerous oxygenated acids initiated by 
lipoxygenases and subsequently modified by enzymic or non-enzymic 
m echanism s to produce, for exam ple, bitter tasting trihydroxy acids and 
precursors o f numerous desirable and undesirable flavour volatiles.

Chapter 4 is an extensive review by A . Bhati, R. J. Hamilton a n d D .A . Steven  
o f  m ethods for the synthesis o f simple glycerides, ending with details o f  som e 
recom m ended procedures. In their opening remarks they mention biochemical 
m ethods for synthesis o f glycerides (which are probably superior where labile 
fatty acids are to be incorporated), but do not mention reversed lipolysis using 
lipases and phospholipases. They erroneously state (page 59) that phos- 
pholipase-A  (-A 2) hydrolyses the secondary ester group of L-triglyceride, 
failing to point out that it is first necessary to partially hydrolyse to sn-1, 2 and 
sn-2, 3-diacylglycerols which are then converted to sn-1, 2~diacyl-3-glycero-
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phosphate and sn-l-glycerophosphate-2, 3-diacyl derivatives, the former being 
the specific substrate for the enzyme.

T he first half o f the book ends (Chapter 5) with a concise description by S.M . 
R oberts and R .F . N ew ton o f prostaglandins, which are potent hormone-like 
substances synthesized in various mammalian tissues from arachidonic and 
other fatty acids. The chapter is relevant as a continuation o f Chapter 3, but 
seem s a little out o f place in the context o f the rest o f the book.

T he second half o f  the book is concerned with the technology o f oils and fats.
V . Y oung (Chapter 7) gives a good, though far from exhaustive, description of 
the processing o f oils and fats, with many clear diagrams. The preceding chapter 
on extraction o f vegetable oils and fats by J. D avie and L. V incent compares 
very unfavourably in all respects.

T he next two chapters are concerned with specialized fats. H , Nickless and A .
F. Sidaway (Chapter 8) describe confectionery fats, with emphasis on cocoa  
butter and equivalent vegetable fats which have similar glyceride structures or 
polym orphic forms (these topics are not m entioned in the index). J. Hanford  
(C hapter 9) then explains how polyunsaturated fatty acids in ruminant feed can 
be protected from biohydrogenation in the rumen, so as to be available for 
subsequent absorption and incorporation into milk and body fats.

Problem s o f fats in the food industry are discussed by M .L. Meara (Chapter 
10) in a rambling review. This is an immense subject, and it is understandable 
that the author should be selective in his choice o f topics, but there can be no 
excuse for failing to give references so that the reader can obtain further 
inform ation on particular points.

In the final chapter M. Pike follows the growth in importance o f palm oil in the 
1970’s with the main emphasis on the Malaysian palm oil industry.

From these remarks it will be evident that Fats and Oils: Chemistry and 
Technology is o f  very mixed content and quality and that som e subjects worthy 
o f separate chapters (e .g . hydrogenation, margarine, surfactants) are largely 
neglected . N evertheless, the book contains a lot o f useful information and is 
worth having until a truly com prehensive treatise is written.

W. R. Morrison
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JO U R N A L  OF FO O D TECHNOLOGY: NO TICE TO  CO NTRIBUTO RS
The Journal of Food Technology publishes original 
contributions to knowledge of food science and tech­
nology and also review articles in the same field. 
Papers are accepted on the understanding that they 
have not been and will not be, published elsewhere in 
whole, or in part, without the Editor’s permission. 
Papers accepted become the copyright of the Journal. 
This journal is covered by Current Contents.

Typescripts (two complete copies) should be sent to 
the Editor, Dr H. Liebmann, c/o 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 1|- inch 
margin, and the lines should be doubled-spaced. In addi­
tion to the title of the paper there should be a ‘running 
title’ (for page headings) of not more than 45 letters 
(including spaces). The paper should bear the name of 
the author(s) and of the laboratory or research institute 
where the work has been carried out. The full postal 
address of the principal author should be given as a 
footnote. (The proofs will be sent to this author and 
address unless otherwise indicated.) The Editor 
reserves the right to make literary corrections.

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

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

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

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

SI UNITS
gram g Joule J
kilogram kg= 103 g Newton N
milligram mg= io-3 g Watt W
metre m Centigrade °C
millimetre mm= 10-3 m hour hr
micrometre s1oII=1 minute min
nanometre nm= 10“ 9 m second sec
litre 1 = 10-3 m3

NON SI UNITS
inch in
foot ft
square inch in2
square foot ft2
cubic inch in3
cubic foot ft3
gallon gal
pound lb
pound/cubic

inch lb in_:
dyne
calorie (15°C) cal
British Thermal 

Unit BTU
Horsepower HP
Fahrenheit °F

=  25-4 mm 
= 0-3048 m 
=  645-16 mm2 
=  0-092903 m2 
=  1-63871 x lO 1 mm2 
=  0-028317 m3 
=  4-54611 
=  0-453592 kg

= 2-76799 x 10 4 kg m-3 
=  IO-5 N 
= 4-1855 J

=  1055-06 J  
=  745-700 W 
= 9/5 r°C  + 32

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

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

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