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Pigment changes in capsicum cultivars during maturation 
and ripening

F. M . M . R A H M A N  a n d  K. A . B U C K L E

Summary

The quantitative distribution of chlorophylls and carotenoids in five capsicum  
cultivars at four stages o f maturation and ripening has been established using 
chrom atographic, spectroscopic and chem ical m ethods. From immature, 
mature, half-ripened and fully-ripened capsicum fruits, up to tw elve, twelve, 
tw enty-nine and twenty-six individual pigm ents respectively were isolated and 
most identified. The pigm ent com position results were consistent with a prop
osed pathway o f synthesis o f the red keto-carotenoids, capsanthin and capsoru- 
bin. Significant differences were found in pigment concentrations am ong the 
cultivars at all stages o f maturation and ripening, even though the cultivars 
show ed the sam e visual colour. Lycopene and chlorophyll pigm ents other than 
chlorophylls a and b were not found in any cultivar at any stage o f maturation or 
ripening.

Introduction

Studies o f the pigm ent com positon o f capsicum cultivars reported in the litera
ture have been limited primarily to analyses of carotenoid levels in fruits at the 
mature stage and at the fully-ripened stage (C holnokyef al., 1955, 1956, 1958; 
Curl, 1962, 1964; D avies, M athews & Kirk, 1970). Only in one study of  
maturing capsicum fruits did Schanderl & Lynn (1966) find at least five fluores
cent chlorophyll-like com pounds in fruits at various stages o f maturation and 
ripening. The pigm ent com position o f capsicum cultivars grown in Australia has 
not been studied previously. The present study involved a detailed quantitative 
analysis o f both chlorophyll and carotenoid pigm ents o ff iv e  capsicum cultivars 
at four stages o f maturation.

A uthors ' address: School o f Food Technology. U niversity of New South W ales. P.O . Box 1. 
K ensington N.S.W . 2033. A ustralia .
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Materials and methods

Growing and harvesting o f  capsicums

Five capsicum cultivars, namely Long Red Cayenne, Pacific Bell, Ram Horn, 
C ollege G old and G olden Californian W onder were grown at Hawkesbury 
Agricultural C ollege, Richm ond, N.S.W . during the summer season. Fruits of 
each cultivar were hand-picked at the immature, mature, half-ripened and 
fully-ripened stages and transported to the Kensington laboratories. Immature 
and mature fruits of a particular cultivar of the same colour and similar size were 
differentiated by touch. Soft fruits were graded as immature and tough fruits as 
mature. H alf-ripened and fully-ripened stages were assessed by colour.

Immature and mature fruits of the Long Red Cayenne, Pacific Bell and 
G olden Californian W onder cultivars were all deep green in colour whereas 
fruits o f the Ram Horn and C ollege G old cultivars were greenish yellow  and 
sulphury yellow  respectively. At the half-ripened stage fruits o f Long Red  
Cayenne and Pacific Bell cultivars turned pink, and fruits o f Ram Horn and 
C ollege G old cultivars turned reddish yellow . Fruits of the G olden Californian  
W onder cultivar changed to greenish yellow . A t the fully-ripened stage fruits of  
the Red Cayenne, Pacific Bell, Ram Horn and C ollege G old cultivars turned a 
deep red colour, while fruits of the G olden Californian W onder cultivar 
changed to a deep yellow  colour.

Preparation and extraction o f  pigments from capsicum tissue

Three large fruits or ten small fruits o f each cultivar at one maturity level were 
de-stem m ed, d e-seeded , cored and cut into approxim ately 1 x  1cm  pieces and 
thoroughly mixed. The resulting sam ple is referred to as the stock capsicum  
sample. The extraction o f pigm ents from the stock sample in cold acetone was 
carried out by the m ethod o f Buckle & Rahman (1979).

Separation and estimation o f  individual pigments

The gross pigm ent extracts from the stock capsicum sample were applied as 
16 cm streaks on cellulose thin layers using the m ethod of Bacon (1964). Four 
solvent system s were developed for the separation on thin layers o f pigm ents 
from all the five cultivars at four stages of maturation and ripening (B uckle & 
Rahman, 1979). The separated streaks o f the individual pigm ents were eluted  
from the thin layers following the m ethod of Jeffrey (1968). M ixed streaks of 
pigm ents were further separated on colum ns o f magnesium oxide-H yflo  
Super-Cel (1:1 w/w) and aluminium oxide and subsequently identified (B uckle  
& Rahm an, 1979). The concentration o f separated, characterized pigm ents was 
calculated (D avies, 1965) using extinction values recorded in the literature 
(Foppen, 1971). For unknown pigm ents, E',cm =  25 0 0  was used.
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Results and discussion

Pigment levels in five capsicum cultivars

The results of pigm ent analyses o f Long Red Cayenne, Pacific B ell, Ram  
Horn, C ollege G old and G olden Californian W onder cultivars at the immature, 
mature, half-ripened and fully-ripened stages are presented in Tables 1 to 4 
respectively. Chlorophylls a and b were the major pigm ents at the immature 
stages in green cultivars and represented 80, 72, 63 and 60%  of the total 
pigm ent contents of G olden Californian W onder, Pacific B ell, Long Red  
Cayenne and Ram  Horn cultivars respectively. The yellow  cultivar, C ollege  
G old, contained 17%  chlorophyll at the immature stage (Table 1). A t the 
mature stage, chlorophyll concentrations decreased in all cultivars except in the 
Long Red Cayenne in which there was a 39%  increase in chlorophyll content 
because of the higher total solids content of this cultivar com pared to the others 
(Rahm an, B uckle & Edwards, 1978). The concentration of both chlorophylls a 
and b decreased significantly at the half-ripened stage, and at the fully-ripened  
stage chlorophylls disappeared com pletely from all cultivars.

A t the mature stage the carotenoid pigm ent lutein (Straub, 1971) was pres
ent in the highest concentration follow ed in decreasing order by p-carotene, 
violaxanthin, neoxanthin and zeaxanthin in the cultivars Long Red Cayenne, 
Pacific B ell and G olden Californian W onder (Table 2). T hese results are in 
agreem ent with those o f Cholnoky et al. (1 9 5 6 ), Curl (1 9 6 4 ) and D avies et al.
(1970). H ow ever, the C ollege G old and Ram Horn cultivars, which are yellow 
ish in colour at the immature and mature stages, contained 24 and 11%  
respectively diepoxy-p-carotene and small am ounts o f m onoepoxy-(3-carotene  
(Tables 1 and 2). N o pigm ents of this type were present in the green cultivars 
with the exception of G olden Californian W onder which contained 1 % 
diepoxy-p-carotene. D avies et al. (1 9 7 0 ) found only 1.7%  m onoepoxy-p - 
carotene in green pepper, but such a high concentration of d iepoxy-p-carotene  
as found in both the C ollege G old and Ram Horn cultivars has not been  
reported previously in capsicums. In addition, the C ollege G old and Ram Horn  
cultivars contained £-carotene and phytofluene which are not found in the 
green cultivars at the immature or mature stages.

Lutein, the dom inant xanthophyll in the immature ar.d mature stages, disap
peared com pletely at the fully-ripened stage except for the G olden Californian  
W onder cultivar in which lutein increased from 4 to 9 p,g/g during ripening. This 
result is in agreem ent with the observation o f D avies et al. (1 9 7 0 ), who found  
28 % lutein in one ornam ental pepper cultivar which changed colour from green  
to yellow  at the fully-ripened stage. They also found no lutein in three other 
cultivars which changed in colour from green to either red or orange.

A lthough the role o f lutein in the b iosynthesis o f the red pigm ents is not clear, 
the appearance of antheraxanthin and cryptoxanthm and the significant 
increase in levels o f zeaxanthin and violaxanthin at the half-ripened stage in the 
cultivars Long R ed Cayenne, Pacific Bell, Ram Horn and C ollege G old pro-
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T a b le  1 . P ig m e n t  c o m p o s it io n  o f  c a p s ic u m  c u lt iv a r s  a t  th e  im m a tu r e  s ta g e

P ig m e n t  c o n te n t  ( |xg /g )

Pigment Long Red
Cayenne
(green)

Pacific
Bell
(green)

Ram Horn
(greenish
yellow)

College
Gold
(sulphury
yellow)

Golden
Californian
Wonder
(green)

Carotenoids
Phytofluene Tr 0.1
a-carotene 1 — 0.1 — —
ß-carotene 8 2 0.8 0.4 2
¡¡-carotene — — Tr 0.1 —
5,6-diepoxy-

ß-carotene _ _ 1 1 Tr
5,6-monoepoxy-

ß-carotene 0.1 0.1 Tr
Lutein 8 2 2 0.5 3
Zeaxanthin Tr Tr 0.1 0.1 0.2
Violaxanthin 5 2 1 0.4 0.6
Neoxanthin 2 1 0.2 0.2 0.4

Chlorophylls 
Chlorophyll a 27 12 5 0.4 16
Chlorophyll b 14 6 3 0.2 8

Tr = trace

vides further evidence in favour of the pathway for the formation o f the 
characteristic red pigm ents, capsanthin and capsorubin suggested by Cholnoky  
and his collaborators (C holnoky et a l., 1956, 1958) and later confirmed by 
D avies et al. (1970).

V iolaxanthin, the major diepoxy carotenoid, increased significantly in all 
cultivars as the fruit changed from the immature to the fully-ripened stage. Only  
in the G olden Californian W onder cultivar w ere luteoxanthin and auroxanthin, 
two other diepoxy carotenoids observed in the half and fully-ripened stages, 
and they were probably formed in vivo from violaxanthin by the action o f plant 
acids. The m onoepoxy carotenoids antheraxanthin and m utatoxanthin, 
appeared in all cultivars at both half and fully-ripened stages, and a small 
amount of neoxanthin was present at the immature stage but no significant 
change in concentration was observed in the latter pigm ent during ripening of 
any o f the five cultivars studied.

The unripe C ollege G old and the fully ripe yellow -coloured G olden Califor
nian W onder cultivars contained virtually identical carotene pigm ents, phyto- 
fluene, (-carotene, and the m ono- and diepoxides of (3-carotene, although there 
were quantitative differences in the carotenes am ong the cultivars. Mature 
fruits of the C ollege G old cultivar contained about 24%  diepoxy-(3-carotene,
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Table 2. P ig m e n t  c o m p o s i t io n  o f  c a p s ic u m  c u lt iv a rs  a t  th e  m a tu r e  s ta g e

P ig m e n t  c o n te n t  ( p g /g )

Pigment Long red 
Cayenne 
(green)

Pacific
Bell
(green)

Ram Horn
(greenish
yellow)

College
Gold
(sulphury
yellow)

Golden
Californian
Wonder
(green)

Carotenoids
Phytofluene 0.1 0.1 0.1
a-carotene 3 — 0.2 — —

ß-carotene 12 2 2 0.4 3
£- carotene — — 0.1 0.1 —
5,6-monoepoxy-

ß-carotene _ _ 0.2 0.1 0.1
5,6-diepoxy-

ß-carotene 2 1 0.4
Lutein 12 2 2 0.6 4
Zeaxanthin 0.4 0.1 0.2 0.2 0.4
Violaxanthin 11 2 1 0.4 1
Neoxanthin 4 2 0.4 0.2 0.8

Chlorophylls 
Chlorophyll a 39 11 4 0.6 14
Chlorophyll b 18 6 2 0.4 8

y e t a t th e  fu lly - r ip e n e d  s tag e  th e re  w as no  tra c e  o f  th is  p ig m e n t; in th e  m a tu re  
G o ld e n  C a lifo rn ia n  W o n d e r  c u ltiv a r  th e re  w as a tra c e  a m o u n t o f  an  e p o x id e  o f 
(3 -caro tene , w h ile  a t th e  fu lly -r ip e n e d  s tag e  th e  level w as 3 % . T h u s  th e  yellow  
c o lo u re d  fru its  c o n ta in e d  e p o x id e s  o f  (3 -caro tene  b u t th is  m ay  n o t o cc u r in  all 
s i tu a tio n s  as D a v ie s  et al. (1 9 7 0 )  re p o r te d  n o  e p o x id e s  o f (3 -caro tene  in  yellow  
o rn a m e n ta l  p e p p e rs , b u t ra th e r  fo u n d  a sm all a m o u n t o f  m o n o e p o x id e  in  g re en  
p e p p e rs .

Q u a lita tiv e  d iffe re n c e s  in p ig m e n t co m p o s itio n  w ere  fo u n d  in fru its  o f  th e  
G o ld e n  C a lifo rn ia n  W o n d e r  c u ltiv a r , w h ich  a re  ye llo w  a t th e  fu lly -r ip e n e d  
s tag e , c o m p a re d  to  th e  o th e r  cu ltiv a rs  w hich  a re  re d  w h en  fu lly  r ip e , co n firm in g  
th e  r e p o r t  o f  D a v ie s  et al. (1 9 7 0 )  th a t fu lly  r ip e n e d  y e llo w  cap sicu m  fru its  lack  
th e  en z y m e (s)  n ec essa ry  fo r  th e  fo rm a tio n  o f  th e  re d  k e to -c a ro te n o id s  c a p sa n - 
th in  a n d  c a p so ru b in .

F ro m  th e  re su lts  d iscu ssed  ab o v e  it is su g g es ted  th a t  fru its  o f  cap sicu m  
cu ltiv a rs  d o  n o t fo llo w  th e  g e n e ra l p a t te rn  o f  p ig m e n t c o m p o s itio n  a n d  m ay 
in d e e d  b e  an  e x c e p tio n . T h e  re su lts  co n firm  th e  c o n c lu s io n  o f  V a la d o n  & 
M u m m e ry  (1 9 7 2 a ,b )  th a t  in  b io lo g ica l m a te r ia ls , e sp e c ia lly  in  m an y  p la n ts  an d  
fu n g i, it is n o t a lw ay s p o ss ib le  to  g e n e ra liz e  b e c a u se  ev e n  th o u g h  o n e  m ig h t 
e x p e c t to  h a v e  th e  sam e  m ech a n ism  a n d  th e  sam e b io sy n th e tic  p a th w a y  in  ev e ry  
o rg a n ism , th e re  a re  a n u m b e r  o f  in d iv id u a ls  th a t  h av e  th e ir  ow n  m e ta b o lic  
p a th w a y s  a n d  m ech an ism s.
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Table 3. P ig m e n t  c o m p o s it io n  o f  c a p s ic u m  c u lt iv a r s  a t  th e  h a lf  r ip e n e d  s ta g e

P ig m e n t  c o n te n t  (p g /g )

Pigment Long Red
Cayenne
(pink)

Pacific
Bell
(pink)

Ram Horn
(yellowish
red)

College
Gold
(yellowish
red)

Golden
Californian
Wonder
(greenish
yellow)

Carotenoids
Phytoene 0.4
Phytofluene 0.6 Tr 0.8 2 1
a-carotene 5 0.4 0.4 — 0.4
ß-carotene 40 3 7 3 9
¡¡-carotene — — 1 1 0.8
5,6-monoepoxy-
ß-carotene _ 0.2 0.2 0.2

5,6-diepoxy-
ß-carotene 2 3 1

Mutatochrome 2 1 1 0.6 —
Hydroxy-
a-carotene _ 0.4 __ 0.2

Cryptoxanthin 4 1 4 4 0.4
Cryptoxanthin
5,6-epoxide __ __ __ — 1

Cryptoxanthin
5,6-diepoxide __ __ __ — 0.2

Cryptocapsin — 2 0.4 — —
Lutein 0.6 0.2 0.4 0.1 9
Capsolutein — — 0.5 2 —
Zeaxanthin 24 2 4 5 3
Antheraxanthin 3 0.6 0.4 0.8 0.4
Mutatoxanthin 0.8 0.4 0.2 0.6 0.2
Violaxanthin 16 3 6 6 7
Luteoxanthin — — — — 1
Auroxanthin — — — — 1
Neoxanthin 4 1 0.8 0.8 0.7
Capsanthin 43 29 18 21 —
Capsorubin 10 12 7 4 —
Capsanthin

isomer 13 14 8 6
Capsorubin

isomer 2 3 0.8 1
Unidentified 5 3 2 2 4

Chlorophylls 
Chlorophyll a 19 7 2 0.2 7
Chlorophyll b 10 2 1 Tr 4

Tr = trace
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Table 4. Pigment composition of capsicum cultivars at the fully ripened stage

Pigment content (p-g/g)

Pigment Long Red
Cayenne
(red)

Pacific
Bell
(red)

Ram Horn 
(red)

College
Gold
(red)

Golden
Californian
Wonder
(yellow)

Phytoene — — 0.1 0.4 1
Phytofluene 3 — 6 8 7
a-carotene 9 1 1 — 2
ß-carotene 108 16 28 36 16
¡¡-carotene
5,6-monoepoxy-

— — 3 6 3

ß-carotene
5,6-diepoxy-

0.4

ß-carotene — — — — 3
Mutatochrome
Hydroxy-

9 4 3 2 —

a-carotene — — 2 — 2
Cryptoxanthin
Cryptoxanthin

37 5 15 18 7

5,6-epoxide
Cryptoxanthin

— — — 3

5,6-diepoxide — — — — 2
Lutein — — — — 9
Cryptocapsin — 3 1 — —
Capsolutein — — 4 6 —
Zeaxanthin 82 18 16 16 5
Antheraxanthin 21 7 3 3 5
Mutatoxanthin 5 3 2 2 4
Violaxanthin 41 15 17 19 10
Luteoxanthin — — — — 4
Auroxanthin — — — — 6
Neoxanthin 4 2 0.8 2 1
Capsanthin 228 65 52 59 —
Capsorubin
Capsanthin

68 27 15 19

isomer
Capsorubin

97 28 21 19

isomer 7 4 3 3 —
Unidentified 9 4 4 5 6
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Comparison o f pigment results with published data

P ig m e n t e x tra c ts  fro m  cap sicu m  cu ltiv a rs  a t  d if fe re n t s tag es  o f  m a tu ra tio n  
a n d  r ip e n in g  sh o w e d  ch lo ro p h y lls  a a n d  b as  th e  on ly  c h lo ro p h y ll p ig m e n ts  
w h e n  a n a ly se d  o n  ce llu lo se  th in  lay e rs , c o n tra ry  to  th e  re su lts  o f  S c h a n d e rl & 
L y n n  (1 9 6 6 )  w h o  fo u n d  ch lo ro p h y ll a a n d  b a n d  five o r  m o re  f lu o re sc e n t 
c h lo ro p h y ll- lik e  c o m p o u n d s  in  Y e llo w  W ax  ca p sic u m s a t d iffe re n t s tag es  o f  
m a tu ra tio n  a n d  r ip e n in g  w h en  p ig m en ts  w e re  s e p a ra te d  o n  silica gel G  th in  
lay ers . T h e  p re s e n t  re su lts  co n firm  th e  co n c lu s io n s  o f  B aco n  (1 9 6 6 ) . th a t  
ch lo ro p h y ll d e g ra d a tio n  p ro d u c ts  iso la te d  by S c h a n d e rl  a n d  L y n n  (1 9 6 6 )  w e re  
a r te fa c ts  re su ltin g  fro m  p ig m e n t s e p a ra tio n s  on  silica gel in s te a d  o f  in e r t  ce llu l
o se .

T h e  tw o  cu ltiv a rs  C o lle g e  G o ld  a n d  G o ld e n  C a lifo rn ia n  W o n d e r  sh o w  c o n 
flic tin g  re su lts  in  re la t io n  to  th e  o x y g en  t ra n s p o r t  th e o ry  o f  C h o ln o k y  et al.
(1 9 5 6 ) ,  w h o  su g g e s te d  th a t  in  c h lo ro p h y ll-c o n ta in in g  tis su e  b o th  th e  p rim a ry  
( z e a x a n th in ^ a n th e r a x a n th in - ^ lu te in )  an d  se c o n d a ry  (3 -c a ro te n e —» 13- 
c a ro te n e  m o n o e p o x id e ^ a - c a r o te n e )  sy stem s a re  ac tiv e , b u t a f te r  th e  d is a p 
p e a ra n c e  o f  ch lo ro p h y ll, o n ly  z e a x a n th in  a n d  c ry p to x a n th in  ta k e  up  o x y g en  a n d  
a re  t ra n s fo rm e d  by it to  th e  e p o x id e s  v io la x a n th in , a n th e ra x a n th in  an d  
c ry p to x a n th in -m o n o e p o x id e  w hich  a re  su b se q u e n tly  tra n s fo rm e d  in to  th e  re d  
p ig m e n ts , c a p sa n th in  a n d  c a p so ru b in : z e a x a n th in  a c c u m u la te s  b u t lu te in  is 
a b se n t. T h is  m ech a n ism  a p p e a rs  to  o p e ra te  in  th e  C o lle g e  G o ld  cu ltiv a r, b u t 
a f te r  th e  d is a p p e a ra n c e  o f  ch lo ro p h y ll in th e  G o ld e n  C a lifo rn ia n  W o n d e r  
c u ltiv a r , (3 -caro tene  e p o x id e s  an d  lu te in  a re  p ro d u c e d  (T a b le  4 ) , in d ica tin g  th a t 
b o th  th e  p rim a ry  a n d  se c o n d a ry  o x y g en  tra n s p o r t  sy stem s o f C h o ln o k y  et al.
(1 9 5 6 )  a re  o p e ra tin g  ev e n  in  th e  a b se n c e  o f  ch lo ro p h y ll. F u r th e r  s tu d ie s  a re  in 
p ro g re ss  to  e lu c id a te  th e  p ig m e n t tra n s fo rm a tio n s  in th is  c u ltiv a r  d u rin g  r ip e n 
ing.

L a b o rd e  (1 9 6 9 )  r e p o r te d  th e  p re se n c e  in  fu lly  r ip e n e d  re d  cap sicu m s o f a 
ly c o p e n e -lik e  p ig m e n t w h ich  re p re s e n te d  a b o u t 5 0 %  o f th e  to ta l  c a ro te n o id s . 
A n a ly s in g  th e  p ig m e n ts  o f  p a p r ik a , chilli p o w d e r  a n d  fresh  Y o lo  W o n d e r  
cap sicu m  cu ltiv a rs , L a b o rd e  fo u n d  s im ila r ly c o p e n e -ty p e  p ig m en ts  a n d  c o n 
c lu d e d  th a t  such  re su lts  w e re  p ro b a b ly  a re su lt  o f d e fe c ts  o f  th e  m e th o d s  o f  
an a ly sis  o f  p re v io u s  w o rk e rs . W h e n  p ig m e n ts  o f  fu lly  r ip e n e d  re d  cap sicu m s in 
th e  p re s e n t  s tu d y  w e re  s e p a ra te d  o n  ce llu lo se  th in  lay e rs  d e v e lo p e d  in  so lv en ts  
C  a n d  D , fo llo w e d  by  co lu m n  c h ro m a to g ra p h ic  s e p a ra t io n  o n  m ag n es iu m  
o x id e -s u p e r  ce l w h e re  n ec essa ry , n o  ly c o p e n e -lik e  p ig m e n ts  w e re  o b se rv e d  o r  
d e te c te d  sp ec tra lly . P ig m e n t e x tra c ts  o f  r ip e  to m a to e s  s e p a ra te d  o n  ce llu lo se  
th in  lay e rs  c o n ta in e d  h y d ro c a rb o n s  in c lu d in g  ly c o p e n e  trav e llin g  w ith  th e  so l
v e n t, co n firm in g  th a t  if  ly c o p e n e  h a d  b e e n  p re s e n t  in  e x tra c ts  o f  re d  cap sicu m , it 
w o u ld  h a v e  tra v e lle d  a lso  w ith  th e  so lv en t.

F u r th e r  c o n f irm a tio n  o f  th e  a b se n c e  o f  ly co p en e  in  e x tra c ts  o f  re d  cap sicu m  
cu ltiv ars  has b e e n  m ad e  by  se p a ra tio n  o f p ig m en ts  in ex tra c ts  o f  rip e  to m a to e s  
on  th in  lay e rs  o f  m a g n e s iu m  o x id e -s u p e r  ce l, in  w hich  it w as p o ss ib le  to  s e p a ra te  
th e  h y d ro c a rb o n s  in  th e  fo llo w in g  o rd e r :  p h y to f lu e n e  +  3 -c a ro te n e ,
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^ -c a ro te n e , n e u ro s p o re n e , a n d  ly co p en e . U s in g  th e  sa m e  c h ro m a to g ra p h ic  
sy s tem , n o  ly c o p e n e  s tre a k  w as o b se rv e d  in  e x tra c ts  o f  an y  o f  th e  fo u r  fu lly  
r ip e n e d  re d  cu ltiv a rs  u sed  in  th is  s tu d y . H o w e v e r , w h en  cap sicu m  cu ltiv a rs  a re  
d ip p e d , in je c te d  o r  sp ra y e d  w ith  2 -(4 -c h lo ro p h e n y lth io )  e th y ld ie th y l 
a m m o n iu m  c h lo r id e  (C P T A ), ly c o p e n e  fo rm a tio n  can  b e  in d u c e d  (S im p so n  et 
al, 1 9 7 4 ), in d ic a tin g  th e  p o ss ib ility  o f  ly c o p e n e  p ro d u c tio n  in  cu ltiv a rs  o f  
d if fe re n t p h y sica l, ch em ica l o r  g e n e tic  c o n s titu tio n .

References
B acon, M.F. (1 9 6 4 )7 . Chromatogr. 16, 552.
B acon, M .F. (1966) Biochem. 7. 101, 34C.
Buckle, K .A . & R ahm an, F.M .M . (1979) 7 .Chromatogr. 171, 385.
C holnoky, L.. G yorgyfy, C., Nagy, E. & Panczel, M. (1955) A c/a Chim.Acad. Sci. Hung. 6 ,1 4 3 . 
C holnoky, L., G yorgyfy, C., Nagy, E. & Panczel, M. (1956) Nature, Lond. 178, 410. 
C holnoky. L.. G yorgyfy, C., Nagy, E. & Panczel, M. (1958)A cta Chim. Acad. Sci. Hung. 1 6 ,2 2 7 . 
C url, A .L . (1962) J. Agr. Fd Chem. 10, 504.
Curl, A .L . (1964) J. Agr. Fd Chem. 12, 522.
D avies, B .H . (1965) In: Chemistry and Biochemistry o f Plant Pigments (ed. by T .W . G oodw in), p. 

489. A cadem ic Press, New Y ork.
Davies, B.FL, M athew s, S. & Kirk, J.T .O . (1970) Phytochem. 9, 797.
Foppen, F.H . (1971) Chromatogr. Rev. 14, 133.
Jeffrey, S.W. (1968) Biochem. Biophys. Acta. 162, 271.
L aborde, J.A . (1969) PhD  thesis, U niversity of C alifornia, Davis, U .S.A .
R ahm an, F .M .M ., B uckle, K .A . & E dw ards, R .A . (1 9 7 8 )7 . Fd Technol. 13, 445.
Schanderl, S.H . & Lynn, D .Y .C . (1966) 7. Fd Sci. 31, 141.
Sim pson, D .J., R ahm an, F.M .M ., Buckle, K .A . & Lee, T .H . (1974) Aust. 7. Plant Physiol. 1 ,135 . 
S traub. O. (1971) In: Carotenoids (ed. by O. Isler), Ch. X II. B irkhauser V erlag. Basle and 

S tuttgart.
V aladon, L .R .G . & M um m ery, R.S. (1972a) Ann. Bot. 36, 471.
V aladon, L .R .G . & M um m ery, R.S. (1972b) Microbios. 4, 227.

(Received 9 July 1979)

Pigment changes in capsicum cultivars

Erratum
In  th e  p a p e r  ‘S u b je c tiv e  a n d  o b je c tiv e  a sse ssm e n ts  o f  th e  d e g re e  o f  c o o k in g  o f  
p o ta to e s  h e a te d  by  d iffe re n t m e th o d s ’ by R . C o llis o n e tc / .  (J. Fd Technol. 1980 , 
15, 1) th e  o rd in a te s  o f  F ig. 1 sh o u ld  be  lab e lle d  ‘L o a d  (k g  x  1 0 .2 )’ a n d  th e  
o rd in a te s , o f  F igs. 2 a n d  5 sh o u ld  b e  lab e lled  ‘R u p tu re  lo ad  (kg  x  1 0 .2 ).
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Determination of thermal process schedule for 
Totapuri mango

N IR A N K A R  N A T H  a n d  S. R A N G A N N A

Summary

T h e  v a lu es  fo r  th e rm a l in a c tiv a tio n  o f  p e c tin e s te ra s e  (P E )  in  T o ta p u r i  m an g o  
sy ru p  h o m o g e n a te  a re  F » “  =  1 .0 0  a n d  D » b =  0 A 5 6  a t  p H  3 .6 . T h e  F 
v a lu e  is e q u iv a le n t to  2 .1 9  D. In  co m m erc ia l c a n n in g  a 3 D p ro c ess  is re c o m 
m e n d e d  w h ich  is a d e q u a te  to  in a c tiv a te  th e  P E , th e  n a tu ra l  m ic ro flo ra  c o n s is t
ing  o f  g ra m -p o s itiv e  a n d  g ra m -n e g a tiv e  n o n s p o ru la tin g  ro d s  a n d  cocci, a n d  th e  
te s t o rg a n ism  Clostridium pasteurianum w h ich  is a b le  to  g ro w  in m an g o  p re p 
a ra t io n s  a t p H  3 .8  a n d  a b o v e . Bacillus coagulans w h ich  cau ses  f la t-s o u r  sp o ilag e  
d o es  n o t  g ro w  in  m a n g o  p re p a ra tio n s . P ro ce ss  tim e s  c a lc u la te d  b y  th e  g ra p h ic a l 
m e th o d  a re  c o m p a re d  w ith  th e  v a lu es  fo u n d  by  fo rm u la  m e th o d  u s in g  six 
d if fe re n t p ro c e d u re s . P ro ce ss  r e q u ire m e n ts  u n d e r  d iffe re n t in itia l a n d  p ro c e s 
sing  te m p e ra tu re s  a re  g iven .

Introduction

M an g o e s  a re  c a n n e d  as slices in  sy ru p  o r  as ju ic e , n e c ta r  a n d  p u lp . In  th e  p ro c e ss  
o f c a n n in g , th e  p H  is a d ju s te d  to  4 .2  o r  lo w er. T h e  th e rm a l p ro c ess  fo r  c a n n e d  
fru its  ev o lv e d  o n  th e  b as is  o f  en z y m e  in a c tiv a tio n  h as  b e e n  show n  to  b e  
a d e q u a te  to  r e n d e r  th e  c a n n e d  p ro d u c t  m ic ro b io lo g ica lly  safe  (K a p la n , E s se le n  
&  F e lle rs , 1 9 4 9 ; D a s tu r ,  W e ck e l &  v o n  E lb e , 1 9 6 8 ; N a n ju n d a sw a m y , S a ro ja  &  
R a n g a n n a , 1 9 7 3 ; N a th  &  R a n g a n n a , 1 9 7 7 a ,b ,c ) . T o ta p u r i  (B a n g a lo ra ) , w h ich  
is a re g u la r  b e a r in g  a n d  h ig h  y ie ld in g  v a r ie ty  o f  g o o d  k e e p in g  q u a lity  ( In d ia n  
C o u n c il o f  A g ric u ltu ra l  R e se a rc h , 1 9 6 7 ), is b e in g  in c re a s in g ly  u se d  fo r  p ro c e s 
sing  in  a d d itio n  to  the Alphonso v a r ie ty  w h ich  is t ra d itio n a lly  c a n n e d . N a n ju n 
d asw am y  et al. (1 9 7 3 )  d e v e lo p e d  a th e rm a l p ro c e ss  fo r  c a n n e d  A lp h o n so  
m an g o  b a s e d  o n  th e  in a c tiv a tio n  o f  p e ro x id a se  w hich  w as m o re  h e a t  re s is ta n t 
th a n  a  s tra in  o f  y e a s t iso la te d  fro m  co m m erc ia l sam p le s  o f  sp o ile d  ca n s  o f  
m a n g o  slices in  sy ru p . T es ts  in d ic a te d  T o ta p u r i  m an g o  to  c o n ta in  p e c tin e s te ra se
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(P E ) . T h e  th e rm a l p ro c e ss  fo r  c a n n e d  T o ta p u r i  m an g o  slices in  sy ru p  d e te r 
m in e d  on  th e  basis  o f  P E  in a c tiv a tio n , c a lc u la tio n  o f  p ro c ess  tim e  b y  th e  
g ra p h ic a l m e th o d  a n d  d iffe re n t p ro c e d u re s  o f  th e  fo rm u la  m e th o d , a n d  th e  
m ic ro b io lo g ica l sa fe ty  o f  th e  p ro c e ss  d e te rm in e d  o n  th e  b asis  o f  en z y m e  in a c ti
v a tio n  a re  d iscu ssed  in  th is  p a p e r .

Experimental

Preparation o f fruit for studies on thermal inactivation o f pectinesterase.

R ip e  fru its  p u rc h a s e d  fro m  th e  lo cal m a rk e t  w e re  p e e le d , s liced , a n d  th e  slices 
b len d ed . T h e  resu ltin g  p u lp  w as qu ick  fro zen  an d  s to re d  a t 0°F (-1 8 °C ) un til 
re q u ire d  (N a th  &  R a n g a n n a , 1977a).

Thermal inactivation and decimal reduction times o f pectinerase

T h e se  w e re  d e te rm in e d  in  p u lp  a n d  sy ru p  h o m o g e n a te  (T S S  2 0 %  a n d  p H  
3 .6 ) ac co rd in g  to  th e  p ro c e d u re s  d e sc r ib e d  e a r l ie r  (N a th  &  R a n g a n n a , 
1 9 7 7 b ,c ).

Heat penetration studies

F irm  rip e  m a n g o e s  w e re  w a sh e d , p e e le d , cu t in to  slices a n d  filled  (5 8 0  g) in to  
401  x  411  (A  2Vi) cans. T h e  fru its  w e re  c o v e re d  w ith  3 0 0  g o f  4 0 ° B rix  sy ru p . In  
o n e , th e  sy ru p  w as filled  co ld  a n d  th e  can s w e re  sea le d . Such  can s a re  h e re a f te r ,  
te rm e d  as co ld  filled  cans. In  th e  se c o n d  case , h o t sy ru p  w as filled  in to  th e  can s, 
e x h a u s te d  fo r  7 m in  a n d  sea le d . B y  v a ry in g  th e  te m p e r a tu re  o f  th e  h o t co v e rin g  
sy ru p , can s h av in g  in itia l te m p e r a tu re  o f  1 40°F  (6 0 °C ) a n d  1 64°F  (7 3 °C ) w e re  
o b ta in e d . Such  can s a re  te rm e d  h o t-f i l le d  cans. T h e  ca n s  w e re  p ro c e sse d  in 
b o ilin g  w a te r  [2 0 7 °F  (9 7 °C ) in  M y so re] a n d  a t 2 1 2 °F  (1 0 0 °C ) in  s te a m , a n d  
c o o le d  in  w a te r .

H e a t  p e n e tr a t io n  r a te  in to  th e  can s w as m e a s u re d  u sin g  E c k lu n d  n o n 
p ro je c tin g , p lu g -in , n e e d le  ty p e  th e rm o c o u p le s  a n d  a m a n u a lly  o p e r a te d  L e e d s  
a n d  N o r th ru p  p o te n t io m e te r .  T h e  te m p e ra tu re s  d u r in g  h e a tin g  a n d  co o lin g  
w e re  re c o rd e d  e v e ry  2 m in , a n d  th re e  ru n s  w e re  d o n e  fo r  e a c h  p ro c ess in g  
co n d itio n .

Plotting o f heat penetration data

T o  c a lc u la te  th e  p ro c e ss  tim e  b y  th e  g ra p h ic a l m e th o d , th e  te m p e ra tu re s  
c o r re s p o n d in g  to  v a r io u s  tim e s  w e re  p lo t te d  o n  re c ta n g u la r  c o o rd in a te  g ra p h  
p a p e r  [N a tio n a l C a n n e rs  A sso c ia tio n  (N C A ), 1 968],

T o  ca lc u la te  by  th e  fo rm u la  m e th o d , h e a t  p e n e tr a t io n  d a ta  w e re  p lo tte d  o n  a 
sem ilo g  p a p e r  a c c o rd in g  to  th e  N C A  (1 9 6 8 )  p ro c e d u re .  T h e  lin e  th ro u g h  th e  
p o in ts  w e re  d ra w n  in  th re e  d if fe re n t  w ays: (i) th e  lin e  o f  ey e -fit , (ii) a s tra ig h t
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line  by  jo in in g  th e  in itia l te m p e ra tu re  a n d  th e  fin a l te m p e r a tu re  d u rin g  h e a tin g  
so th a t  it p a sse d  w ith in  o n e  d e g re e  o f  th e  fin a l te m p e r a tu re  as  su g g e s te d  by 
G ille sp y  (1 9 6 2 ) ,  a n d  (iii) th e  lin e  o f  s ta tis tic a l-f i t  by  ap p ly in g  th e  an a ly s is  o f  
le a s t sq u a re s  as  su g g e s te d  by  H u rw ic z  &  T isc h e r  (1 9 5 6 )  in  th e  case  o f  b ee f.

D u rin g  p ro c e ss in g , th e re  w as n o  h e a tin g  lag  fo r  th e  b a th  to  a c h ie v e  2 0 7 °F  
(9 7 °C ) a n d  it v a r ie d  b e tw e e n  0 .7 5  a n d  1 .0  m in  a t  2 1 2 °F  (1 0 0 °C ). H e n c e , in  
d raw ing  th e  line, th e  h ea tin g  lag (jh) w as assu m ed  to  be  1.0.

T h e  c o o lin g  c u rv es  w e re  d ra w n  in  th e  sam e  w ay.

Calculation o f process time

P ro ce ss  tim e  w as c a lc u la te d  by  th e  g ra p h ic a l (B ig e lo w  et al., 1 9 2 0 ) a n d  th e  
fo rm u la  (B a ll, 1 9 2 3 ) m e th o d s . T h e  p ro c e ss  tim e  by  th e  fo rm u la  m e th o d  w as 
c a lc u la te d  u sin g  th e  fo llo w in g  six p ro c e d u re s :

Procedure A . In  th is  p ro c e d u re , th e  fo rm u la , B b =  f h (logy'I - log  g ), a n d  th e  
/ h/U :g  ta b le s  g iv en  by  B all &  O lso n  (1 9 5 7 )  w e re  u se d  to  c a lc u la te  th e  p ro c e ss  
tim e . B a ll a s su m e d  th e  s lo p e  o f  th e  h e a tin g  cu rv e  (fh) to  b e  e q u a l to  th e  s lo p e  o f  
th e  c o o lin g  cu rv e  (fc) a n d  th e  lag  o f  th e  c o o lin g  cu rv e  (yc) to  b e  1.41 in d e r iv in g  
th e  fo rm u la . fh fo u n d  fro m  th e  h e a tin g  cu rv e  d ra w n  by  e y e -fit  w as u se d  in  th is  
c a lc u la tio n .

Procedure B. T h is  w as s im ila r to  ‘A ’ e x c e p t th a t  c o r re c tio n  fo r  th e  d iffe re n c e  
b e tw e e n  fh a n d  / c w as a p p lie d  a c c o rd in g  to  th e  p ro c e d u re  su g g es ted  by  B all 
(1 9 2 3 ) . / c fo u n d  fro m  th e  co o lin g  cu rv e  d ra w n  by  e y e -f it  w as u sed .

Procedure C. T h is  w as s im ila r to  ‘A ’ e x c e p t th a t  t h e g  v a lu e  c o r re sp o n d in g  to  
th e  a c tu a l ;  fo u n d  f r o m / h/U :g  ta b le s  o f  P u ro h it  &  S tu m b o  (1 9 7 2 )  w as u sed .

Procedure D. T h is  w as s im ila r to  ‘C ’ e x c e p t th a t  th e  f h v a lu e  fo u n d  by 
p lo ttin g  th e  h e a t  p e n e tr a t io n  cu rv e  a c c o rd in g  to  th e  p ro c e d u re  su g g e s te d  by 
G ille sp y  (1 9 6 2 )  w as u se d  in  th e  ca lc u la tio n .

Procedure E. T h is  w as s im ila r to  ‘A ’ e x c e p t th a t  / h fo u n d  fro m  th e  h e a t  
p e n e tr a t io n  cu rv e  d ra w n  by  ap p ly in g  th e  an a ly s is  o f  le a s t  s q u a re s  w as u se d  in 
th e  ca lc u la tio n s .

Procedure F. T h is  w as s im ila r to  ‘C  ’ e x c e p t th a t  fh a n d  y'c fo u n d  fro m  th e  
h e a tin g  a n d  th e  co o lin g  cu rv es  re sp ec tiv e ly  d ra w n  by  ap p ly in g  th e  an a ly s is  o f  
least sq u ares  w ere u sed  in th e  ca lcu lations.

T h e re  w as n o  c o m e -u p  tim e  w h e n  th e  ca n s  w e re  p ro c e s se d  in b o ilin g  w a te r . 
H o w e v e r , w h e n  p ro c e ss in g  w as d o n e  in  s te a m  in th e  r e to r t ,  an  a llo w a n c e  o f  
4 2 %  o f  th e  c o m e -u p  tim e  w as g iven  to  c a lc u la te  th e  p s e u d o - in it ia l  te m p e r a tu re  
(B a ll &  O lso n , 1 9 5 7 ).

Examination o f microbiological safety o f the process evolved

(a) With microflora naturally present. T o  iso late  th e  h e a t re s is tan t m icro  o rgan ism  
from  th e  n a tu ra l m icro flo ra  o f the  fru it, ho t-filled  cans o f  o v e r ripe  slices (p H  4 .6 ) 
w ere p ro cessed  fo r  v a rio u s p e rio d s  a t 2 07°F  (97°C ). T h e  p ro cessed  cans w ere
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in c u b a te d  a t 8 6  a n d  9 8 .6 °F  (3 0  a n d  37°C ) fo r  4 w eek s  a n d  a t 122°F  (5 0 °C ) fo r  2 
w eek s . M ic ro b io lo g ica l e x a m in a tio n  o f  th e  in c u b a te d  cans w as c a rr ie d  o u t 
a c co rd in g  to  th e  p ro c e d u re  su g g es ted  by th e  N a tio n a l C a n n e rs  A sso c ia tio n , 
(1 9 6 8 ) .

T o  te s t  th e  ab ility  o f  th e  b a c te r ia  iso la te d  fro m  b u lg e d  cans to  su rv iv e  b e lo w  
p H  4 .6 , th ey  w e re  s u b c u ltu re d  in to  s te r ile  tu b e s  o f  m an g o  p u lp  a n d  th e  n u tr ie n t  
b ro th  c o n ta in in g  m a n g o  se ru m , th e  p H  o f  w hich  h a d  b e e n  a d ju s te d  to  3 .8 , 4 .2  
a n d  4 .6  p r io r  to  au to c la v in g . T h e  in o c u la te d  tu b e s  w e re  in c u b a te d  an d  
e x a m in e d .

(b ) Using B . co a g u la n s  and C l. p a s te u r ia n u m . B. coagulans a n d  Cl. pas- 
teurianum p u rc h a s e d  fro m  A m e r ic a n  T y p e  C u ltu re  C o lle c tio n s  w e re  u sed . T h e  
sp o re s  o f B. coagulans w ere  p ro d u c ed  using p ro te o se -p e p to n e  ag e r (N a tiona l 
C an n ers  A sso c ia tio n  1968) an d  o f Cl. pasteurianum using liver b ro th  w ith  to m a to  
accord ing  to  th e  p ro c e d u re  suggested  by S tu m b o  (1 9 7 3 ).

T h e rm a l d e a th  tim e  (T D T ) w as d e te rm in e d  by th e  tu b e  m e th o d  (N a tio n a l 
C a n n e rs  A sso c ia tio n  1 9 6 8 ) u sin g  s te rile  to m a to  ju ic e  se ru m  a d ju s te d  to  p H  4 .5  
a n d  sp o re  c o n c e n tra tio n  o f  2 to  3 m illion  p e r  m l. C o rre c tio n  fo r  th e  h e a tin g  lag 
d u rin g  th e  c o m e -u p  tim e  w as a p p lie d  ac co rd in g  to  th e  p ro c e d u re  d e sc rib e d  
e a r l ie r  (N a th  & R a n g a n n a , 1 9 7 7 a ) . T h e  T D T  cu rv e  w as d ra w n  by  ap p ly in g  th e  
an a ly sis  o f  le a s t sq u a re s  (B ro w n le e , 1 9 6 0 ). T h e  h e a te d  sa m p le s  co n ta in in g  
sp o re s  o f  B. coagulans w e re  s u b c u ltu re d  on  p ro te o s e -p e p to n e  a g a r  a n d  o f  Cl. 
pasteurianum in  liver b ro th  con ta in in g  cru sh ed  to m ato es.

Thermal death time in test material

T o  ch eck  w h e th e r  T o ta p u r i  m an g o  s u p p o r te d  th e  g ro w th  o f  Cl. pasteurianum 
o r  n o t, th e  p H  o f m an g o  p u lp  an d  sy ru p  h o m o g e n a te  w as a d ju s te d  to  3 .6 , 3 .8 , 
4 .0 , 4 .5 , 5 .0  a n d  5 .5  a n d  s te riliz e d  in sc re w -c a p p e d  tu b e s  fo r  20  m in a t 2 4 0 °F  
(1 1 5 .6 °C ). T h re e  sam p les  o f  each  w e re  in o c u la te d  w ith  th e  sp o re s  o f  Cl. 
pasteurianum u n d e r  a n a e ro b ic  c o n d itio n s  (S tu m b o , 1 9 7 3 ), in c u b a te d  a t 8 2 .4  to  
86°F  (2 8  to  30°C ) fo r  15 d ay s, an d  e x a m in e d  p e r io d ic a lly . G ro w th  w as p o sitiv e  
b e y o n d  p H  3 .8 . H e n c e , T D T  o f th e  sp o re s  w as d e te rm in e d  in m an g o  p u lp  a n d  in 
d ra in e d  an d  f i l te re d  sy ru p  fro m  th e  c a n n e d  p ro d u c t. T h e  p H  o f th e  p re p a ra tio n  
w as a d ju s te d  to  3 .6  a n d  4 .0 , an d  s te riliz e d  b e fo re  in o c u la tio n .

M an g o  p u lp  a n d  sy ru p  h o m o g e n a te  d id  n o t s u p p o r t th e  g ro w th  o f  B. coagu
lans, a n d  h e n c e  T D T  w as n o t d e te rm in e d .

Inoculated pack studies

H o t-f il le d  can s o f  m an g o  slices w e re  in o c u la te d  w ith  th e  sp o re s  o f  B. coagu
lans o r  Cl. pasteurianum a t th e  r a te  o f  5 m illion  sp o re s  p e r  can , e x h a u s te d , 
se a le d  a n d  p ro c e s se d  a t 2 0 7 °F  (9 7 °C ) fo r  12, 14 a n d  16 m in . T h e  can s w e re  
in cu b a ted  an d  ex am in ed  (N a tiona l C an n ers  A ssocia tion , 1968).
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Storage studies

T h e  h o t-f ille d  can s w e re  p ro c e sse d  fo r  17 a n d  30  m in  ( th e  tim e  u se d  c o m m e r
cially) a t 207°F  (97°C ). T h e  cans w ere s to red  at ro o m  tem p era tu re  fo r an  
e x te n d e d  p e r io d , a n d  a t 9 3 .2 -9 8 .6 ° F  (3 4 -3 7 ° C )  a n d  1 2 2 -1 3 1 ° F  (5 0 -5 5 ° C )  fo r  
3 0  days.

C u t-o u t  e x a m in a tio n  o f  th e  c a n n e d  p ro d u c t  w as m a d e  a c c o rd in g  to  th e  
p ro c e d u re  g iv en  in  Manual o f Analysis o f Fruit and Vegetable Products (R a n -  
g a n n a , 1 9 7 7 ). T e x tu re  o f  th e  fre sh  a n d  p ro c e sse d  m an g o  slices w as d e te rm in e d  
usin g  a re c o rd in g  s h e a r  a p p a ra tu s  d e v e lo p e d  by  V o isey  a n d  H a n se n  (1 9 6 7 ) . 
T h e  te x tu re  is e x p re sse d  as th e  m ax im u m  fo rce  in  g ra m s re q u ire d  to  s h e a r  th e  
p iece  th a t  fits  in to  th e  tr ia n g u la r  slo t o f  th e  te s t p la te . A n  a v e ra g e  o f  te n  re a d in g s  
w as ta k e n  as th e  te x tu re  o f  th e  fru it.

S en so ry  e v a lu a tio n  o f  th e  c a n n e d  p ro d u c t  w as c a rr ie d  o u t by  a p a n e l o f  te n  
m e m b e rs  w h o  w e re  fa m ilia r  w ith  th e  c a n n e d  p ro d u c ts .

Results and Discussion

A n a ly tic a l d a ta  o f  th e  ed ib le  p o r tio n  a n d  th e  sy ru p  h o m o g e n a te  u sed  in  T IT  
s tu d ie s  a re  g iven  in  T a b le  1. A c id ity , p H , T SS a n d  th e  P E  ac tiv ity  in th e  ed ib le  
p o r tio n  o f  th e  fre sh  fru it v a r ie d  co n s id e rab ly .

Table 1. T otal soluble solids, acidity, pH  and pectinesterase activity in 
T o tapuri variety  of m ango and syrup hom ogenate used in therm al inactiva
tion studies

Particulars Edible portion* Syrup hom ogenate 
for T IT  stud ies!

TSS (% ) 11.5-18.0 20
Acidity as anhydrous
citric acid (% ) 0.21 -0 .88 0 .41 -0 .43
pH 3 .15 -4 .30 3.6
Pectin esterase activity
(PE  u x 104 per ml) 1.16-5.83 2 .23 -3 .17

P repared  by * blending edible portion  of m ango and t  blending pulp as 
p repared  in * with sucrose syrup in the ratio  11.6 : 6

F , D  and z values o f pectinesterase

T h e  p H  o f  T o ta p u r i  m an g o  v a r ie s  fro m  3 .1 5  in firm  m a tu re  f ru it to  4 .3  in soft 
r ip e  fru it. T h e  f ru its  d o  n o t r ip e n  u n ifo rm ly . A t p H  4 .3 , th o u g h  th e  flesh  n e a r  
th e  p e e l is firm , it is so ft n e a r  th e  k e rn e l a n d  is u n su ita b le  fo r  c a n n in g  as slices. 
T h e  fru its  h av in g  a p H  o f  a b o u t 3 .6  a re  firm  u n ifo rm ly  a n d  b es t su ite d  fo r  
c a n n in g  as slices in  sy ru p . H e n c e , T IT  s tu d ie s  w e re  c a rr ie d  o u t a t p H  3 .6 .
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Temperature (°F )

Figure 1. T IT  and therm al resistance curves of PE  in syrup hom ogenate of T otapuri 
m ango at pH  3.6. Y- axis rep resen ts tim e in min for the T IT  curve and D  value for the 
therm al resistance curve.

T h e  u n c o r re c te d  T IT  o f P E  w as Fll837 =  1.0. T h e  c o m e -u p  tim e  w as 5 .1 4  
m in  (m e a n  v a lu e )  o f  w h ich  4 5 .1 0 %  h a d  le th a l e ffec t. T h e  c o rre c tio n  re q u ire d  
fo r  th e  h e a tin g  lag  d u r in g  th e  c o m e -u p  tim e  w as 2 .8 2  m in .

T h e  T IT  cu rv e  o f P E  a t p H  3 .6  in sy ru p  h o m o g e n a te  is sh o w n  in Fig. 1. T h e  F 
v a lu e  w as 1 a t 2 0 8 .8°F  (9 8 .2 °C ) w ith  a z v a lu e  o f  18 .56  (1 0 .3 1 ) . T h e  T IT  cu rv e , 
d ra w n  by  ap p ly in g  th e  an a ly sis  o f  le a s t sq u a re s , sh o w e d  a h igh  d e g re e  o f  
c o r re la tio n  (r = -  0 .9 9 6 6 ) .

T h e  D v a lu e  fo u n d  fro m  th e  th e rm a l re s is ta n c e  cu rv e  (F ig . 1) w as 0 .4 5 6  at 
2 0 8 .8°F  (9 8 .2 °C ) w ith  z v a lu e  o f  2 1 .4  (1 1 .8 9 ) . T h e  th e rm a l re s is ta n c e  cu rv e , 
like  th e  T IT  cu rv e , sh o w e d  a h igh  d e g re e  o f  c o r re la tio n  (r = — 0 .9 9 7 0 ) . T h e  
d ec im a l re d u c tio n s  (F /D ) re q u ire d  to  ach ie v e  F\o85s =  1.0 w as 2 .1 9 . T h e  z 
v a lu e  fro m  th e  th e rm a l re s is ta n c e  cu rv e  w as sligh tly  h ig h e r  th a n  fro m  th e  T IT  
cu rv e  (F ig . 1).

Process calculation

By graphical method. H e a t  t ra n s fe r  in to  m a n g o  slices c a n n e d  in sy ru p  w as by 
c o n v e c tio n . A  te m p e ra tu re  o f 2 0 8 .8°F (9 8 .2 °C ) a t w h ich  th e  F v a lu e  o f  P E  w as 
1, w as ch o se n  as th e  b a se  te m p e ra tu re  fo r  p ro c e ss  ca lc u la tio n s .

T h e  h e a t  p e n e tr a t io n  cu rv e  an d  th e  c o r re sp o n d in g  in a c tiv a tio n  ra te  c u rv es  
fo r  c a n n e d  m a n g o  slices filled  h o t a n d  p ro c e sse d  a t 2 1 2°F  ( 1 00°C ) a re  sh o w n  in 
F ig . 2. T h e  g ra p h ic a l in te rp o la t io n  cu rv e  to  fin d  th e  p ro c e ss  tim e  c o r re s p o n d in g  
to  th e  d e s ire d  F v a lu es  is sh o w n  in F ig. 3 . T h e  p ro c ess  tim e s  c a lc u la te d  a re  g iven  
in T a b le  2.
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Figure 2. Heat penetration curve (A) for Totapuri mango slices canned in 401 x 411 
(A 2Vi) cans with initial temperature of 164°F (73°C) processed at 212°F (100°C) 
and the corresponding inactivation rate curve (B).
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Figure 3. F  value vs process time plot corresponding to Fig. 2.
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Table 2. Process time calculated by the graphical method for different F 
values*

F value for process Process Process time
calculation equivalence (min)

Ffoi: = i .oo 2.19 D 13.8

= 1.14 2.50 D 14.4
= 1.37 3.00 D 15.1

*For mango slices filled with hot syrup, exhausted to a centre tempera
ture of 164°F (73°C) and processed at 212°F (1O0°C) (in steam).

K a p la n et al (1 9 4 9 ) ,  N e b e s k y e ia / .  (1 9 5 0 )  a n d  N a th  a n d  R a n g a n n a  ( 1 9 7 7 a ,c )  
r e p o r te d  th a t  in  so m e  o f  th e  c a n n e d  p ro d u c ts , w h e re in  th e  s te riliz a tio n  v a lu e  o f 
th e  p ro c e ss  w as e q u a l to  th e  F v a lu e  o f  th e  te s t  en z y m e , th e  sam e  h a d  n o t b e e n  
co m p le te ly  in a c tiv a te d  a n d  it w o u ld  b e  ad v isab le  th e re fo re ,  to  u se  a sligh tly  
h ig h e r  F v a lu e  fo r  p ro c e ss  ca lc u la tio n . V a r ia tio n s  in  th e  p ro c e ss  tim e  w ith  an  
in c re a se  in  th e  F v a lu e  (o r  d ec im a l re d u c tio n s )  o f  th e  p ro c e ss  a re  v ery  sm all 
(T a b le  2 ). A  3 .0  D p ro c e ss  in s te a d  o f  a 2 .1 9  D p ro c e ss  o f  P E  in a c tiv a tio n  fo r  
T o ta p u r i  m a n g o  slices a t  p H  3 .6  is re c o m m e n d e d . T h e  p ro c e ss  tim es  fo r  th e  
c a n n e d  p ro d u c t  p ro c e s se d  u n d e r  d if fe re n t in itia l a n d  p ro c e ss in g  te m p e ra tu re s  
a re  g iven  in  T a b le  3.

By formula method. T h e  g ra p h ic a l m e th o d  o f p ro c e ss  ca lc u la tio n  is an  a c c u ra te  
m e th o d  as n o  a s su m p tio n s  a b o u t th e  n a tu re  o f  th e  h e a t  p e n e tr a t io n  c u rv e  a re  
in v o lv ed . T h e  on ly  p o ss ib le  so u rc e  o f  e r ro r  is in  th e  m a n u a l-g ra p h ic a l in te g ra 
tio n  o f  le th a lity . H o w e v e r , th e  v a lu e  fo u n d  can  b e  u se d  o n ly  w h en  th e  p ro c e s 
sing  c o n d itio n s  a re  id e n tic a l to  th e  c o n d itio n s  u sed  in th e  h e a t  p e n e tr a t io n  
s tu d ie s . T h e  fo rm u la  m e th o d  o v e rc o m e s  th is  d isa d v a n ta g e  a n d  e n a b le s  in te r 
c o n v e rs io n  o f  d a ta .

L en z  an d  L u n d  (1 9 7 7 )  h a v e  c o m p a re d  n e w e r m e th o d s  o f  p ro c ess  ca lc u la tio n  
w ith  th e  w ell e s ta b lish e d  g ra p h ic a l o r  fo rm u la  m e th o d s . C o m p a ra tiv e  d a ta  o f  
th e  p ro c e ss  tim e  e v o lv e d  b y  th e  g ra p h ic a l a n d  th e  fo rm u la  m e th o d s  fo r  th e  sam e  
m a te r ia l  a re  sca rce . M o re o v e r , th e  d a ta  a re  lim ited  to  th e  lo w -a c id  c o n d u c tio n  
h e a tin g  fo o d s  w h e re in  th e  p ro c ess  r e q u ire m e n ts  a re  h igh .

(a ) Plotting o f heat penetration data. S em ilo g  p lo ts  o f  h e a tin g  a n d  co o lin g  
cu rv es  fo r  m a n g o  slices filled  h o t a n d  p ro c e s se d  a t 2 0 7 °F  (9 7 °C ) a re  sh o w n  in 
F ig u re  4. S im ila r cu rv es  w e re  d ra w n  fo r  ca n s  p ro c e sse d  u n d e r  o th e r  p ro c e ss in g  
co n d itio n s . D iffe re n c e s  b e tw e e n /h a n d / c v a lu es  fo u n d  by  v isu a l fit a n d  s ta t is t i 
ca l fit w e re  n o t m u ch , b u t  t h e / h v a lu e s  fo u n d  by  G ille sp y ’s p ro c e d u re  w e re  
g e n e ra lly  h ig h e r  (T a b le  3 ).
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Table 3. Process time calculated by formula method using different procedures and graphical 
method to achieve F 'i “  = 1.37 (3 Z) process) atpH 3.6for mango slices cannedin 401 x 411 
(A 2Vi) cans

Thermal process for mango

P 7~ (a) 
(°F)

Formula method
Graphical
method
process
time
(min)

i T 0»
(°F) Procedure*

Process parameters

Process
timet
(min)

fu
(min)

h f
(min)

h

207 80 A 20.10 1.00 20.00 21.57 20.8
(97°C) (27°C) B 20.10 1.00 20.00 21.57

C 20.10 1.00 20.00 1.00 22.38
D 20.10 1.00 20.00 1.00 22.38
E 20.40 0.91 20.59 21.07
F 20.49 0.91 20.59 0.97 21.99

140 A 22.00 1.21 19.60 18.84 19.8
(60°C) B 22.00 1.21 19.60 19.00

C 22.00 1.21 19.60 1.00 20.05
D 25.20 1.00 19.60 1.00 20.61
E 21.27 1.28 19.23 18.90
F 21.27 1.28 19.23 1.00 19.97

164 A 24.00 1.30 18.40 16.25 16.6
(73°C) B 24.00 1.30 18.40 16.75

C 24.00 1.30 18.40 1.31 16.15
D 30.80 1.00 18.40 1.31 15.55
E 24.58 1.30 17.45 16.50
F 24.58 1.30 17.45 1.41 16.11

212 84 A 16.80 1.28 21.80 18.88 19.0
(100°C) (29°C) B 16.80 1.28 21.80 18.56

C 16.80 1.28 21.80 1.12 19.35
D 20.40 1.00 21.80 1.12 20.37
E 17.59 1.19 20.22 19.00
F 17.59 1.19 20.22 1.16 19.29

164 A 26.00 1.22 19.60 14.59 15.1
(73°C) B 26.00 1.22 19.60 15.08

C 26.00 1.22 19.60 1.20 14.85
D 31.60 1.00 19.60 1.20 14.18
E 27.32 1.11 20.66 14.48
F 27.32 1.11 20.66 1.17 14.90

»Procedures A to F described under - Experimentar. Correlation coefficient (r) for heating (fh) 
and cooling (/,.) curves varies from -0.9918 to -0.9993
tCorrected zero time is added when processed at 212°F (100°C) for making the processing time 
from steam on to steam off to compare with the graphical method.
(a) Processing temperature, (b) Initial temperature.

16 f \ Í
i
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Heating curves
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Cooling curves

Time (m in)

Figure 4. Semilog plot of heating and cooling curves for Totapuri mango slices with 
initial temperature of 140°F (60°C), processed at 207°F (97°C) and cooled in water 
at 84°F (29°C)

(b )  Calculations o f process time. T h e  p ro c e ss  tim e s  c a lc u la te d  by  p ro c e d u re s  A  
to  F  w e re  g e n e ra lly  w ith in  ±  1 m in  o f  th o se  fo u n d  b y  th e  g ra p h ic a l m e th o d  
e x c e p t in  th e  case  o f  v a lu e s  fo u n d  by  p ro c e d u re  D  w h ich  w e re  e i th e r  h igh  o r  low  
(T a b le  3 ). P ro c e d u re  B , th o u g h  la b o r io u s , g av e  v a lu e s  w ith in  0 .8  m in  o f  th e  
g ra p h ic a l m e th o d . S in ce  th e  d iffe re n c e  b e tw e e n  th e  v a lu e s  o b ta in e d  by  th e  
p ro c e d u re s  A  to  F  o f  th e  fo rm u la  m e th o d  e x c e p t D  a n d  by  th e  g ra p h ic a l m e th o d  
is n o t  m u ch , an y  o n e  o f  th e m  can  b e  u se d  fo r  c a lc u la tio n s .

Microbiological safety o f the process evolved

S p o ila g e  in  a c id  fo o d s  is, g e n e ra lly , c a u se d  by  n o n  s p o re -fo rm in g  b a c te r ia  lik e  
la c to b a c illi o r  y e a s ts  a n d  m o u ld s . H e a t  to le ra n c e  o f  th e s e  m ic ro o rg a n ism s  h as  
b e e n  r e p o r te d  to  b e  lo w e r th a n  th a t  o f  p e ro x id a s e  o r  P E  (M a n n h e im  &  Z iv ,
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1 9 6 2 ; D a s tu r  et al., 1 9 6 8 ). In  a d d itio n  to  th e se , B. coagulans a n d  Cl. pas- 
teurianum h a v e  b e e n  o cc as io n a lly  r e p o r te d  to  ca u se  sp o ila g e  (N a tio n a l C a n n e rs  
A sso c ia tio n , 1 9 6 8 ). H e n c e , te s ts  w e re  m a d e  to  e n su re  th a t  th e  p ro c e ss  ev o lv e d  
o n  th e  basis  o f  en z y m e  in a c tiv a tio n  w as m ic ro b io lo g ica lly  safe .

(a )  Heat-resistant organisms from the natural micro flora. T h e  sp o ilag e  m ic 
ro o rg a n ism s  is o la te d  fro m  th e  b u lg e d  can s o f  so ft r ip e  m a n g o  slices  p ro c e s se d  
fo r  3 0  m in  c o n s is te d  o f  a m ix ed  f lo ra  o f  n o n s p o ru la t in g  g ra m -p o s itiv e  an d  
g ra m -n e g a tiv e  ro d s  a n d  cocci. T h e  p H  o f  th e  c a n n e d  p ro d u c t  w as 4 .6 4 . N o  
sp o ilag e  o c c u rre d  w h e n  th e  p H  o f  th e  c a n n e d  p ro d u c t  w as a d ju s te d  to  4 .2 -4 .3 .

M ic ro o rg a n ism s  fro m  th e  b u lg e d  can s, w h e n  in o c u la te d  in to  s te r ile  m a n g o  
p u lp  o r  se ru m  b ro th  o f  d if fe re n t p H  d id  n o t g ro w  a t p H  4 .2  a n d  b e lo w . T h is  
p re lim in a ry  re s u lt  w as fu r th e r  c o n f irm e d  by  th e  in o c u la te d  p a c k  s tu d ie s . T h e  
iso la te d  b a c te r ia  w e re  in o c u la te d  in to  th e  fre sh  h o t-f i l le d  ca n s  o f  r ip e  m a n g o  
a n d  p ro c e s se d  fo r  15 m in  a t 2 0 7 °F  (9 7 °C ). T h e  p H  o f th e  c a n n e d  p ro d u c t  w as
3 .7 5 . T h e  can s r e m a in e d  n o rm a l e v e n  a f te r  e x te n d e d  in c u b a tio n . S u b c u ltu rin g  
s tu d ie s  d id  n o t  re v e a l th e  p re se n c e  o f  an y  b a c te r ia  in  th e  p ro c e s se d  can s.

(b )  U sin g  B. coagulans a n d  Cl. pasteurianum. A s  no  h e a t  re s is ta n t ,  a c id u r ic  
sp o ilag e  m ic ro o rg a n ism  co u ld  b e  iso la te d  fro m  th e  n a tu ra l  m ic ro f lo ra  o f  
m a n g o , p o ss ib ility  o f  sp o ila g e  by  B. coagulans a n d  Cl. pasteurianum w as in v e s 
tig a te d . T D T  o f  th e s e  o rg a n ism s  in  to m a to  ju ic e  a t  p H  4 .5  w e re  lo w e r th a n  th e  
v a lu e s  r e p o r te d  b y  th e  N a tio n a l C a n n e rs  A sso c ia tio n  (1 9 6 8 )  (T a b le  4 ).

In  a p re lim in a ry  s tu d y , s te rile  m a n g o  p u lp  a n d  sy ru p  h o m o g e n a te  a d ju s te d  to  
d if fe re n t lev e ls  o f  p H  w e re  in o c u la te d  w ith  th e  sp o re s  o f  th e  te s t  o rg a n ism s . 
T h e y  s u p p o r te d  th e  g ro w th  o f  Cl. pasteurianum a t p H  3 .8  a n d  a b o v e  b u t  n o t  o f
B. coagulans. T D T  cu rv es  fo r  th e  fo rm e r  in  p u lp  a n d  in  th e  sy ru p  d ra in e d  fro m  
th e  c a n n e d  p ro d u c t  a re  g iven  in  F ig . 5.

In  th e  d e te rm in a tio n  o f  th e  T D T , th e  m e a n  c o m e -u p  tim e  w as 2 .4 4  m in  o f  
w h ich  0 .8 3  m in  (3 3 .7 6 % )  h a d  le th a l e ffec t. T h e  c o r re c tio n  re q u ir e d  w as 1.61 
m in  w h ich  is h ig h e r  th a n  th e  c o r re c tio n s  re c o m m e n d e d  fo r  e x p e r im e n ta l  h e a t 
in g  tim e s  in  s te a m  b y  S o g n e fe s t &  B e n ja m in  (1 9 4 4 ) . T h e  F v a lu e s  o f  Cl. 
pasteurianum e i th e r  in  p u lp  o r  sy ru p  a t p H  3 .6  a n d  4 .0  (T a b le  4 ) w e re  lo w e r 
th a n  th e  T IT  o f P E  (F^'H =  1 .0) in  sy ru p  h o m o g e n a te  a t p H  3 .6 . H e n c e , 
th e  p ro c e ss  tim e  e v o lv e d  o n  th e  b as is  o f  P E  in a c tiv a tio n  is a d e q u a te  to  p re v e n t  
lik e ly  sp o ilag e  c a u se d  by  Cl. pasteurianum.

(c) Inoculated pack studies. T h e s e  s tu d ie s  w e re  c a rr ie d  o u t  to  co n f irm  th e  
re su lts  o b ta in e d  by  th e  T D T  s tu d ie s . C a n n e d  m a n g o  slices (p H  3 .6 5 )  w e re  
in o c u la te d  w ith  5 x  106 s p o re s  o f  Cl. pasteurianum o r  B. coagulans, e x h a u s te d  
to  a  c e n tre  te m p e r a tu re  o f  a b o u t  1 6 0 °F  (7 1 °C ), se a le d  a n d  p ro c e s se d  fo r  1 2 ,1 4  
a n d  16 m in  a t  2 0 7 °F  (9 7 °C ) a n d  co o led . T h e  ca n s  re m a in e d  n o rm a l a f te r  
in c u b a tio n . S u b c u ltu r in g  s tu d ie s  re v e a le d  th a t  n e i th e r  th e  s p o re s  o f  B. coagu
lans n o r  Cl. pasteurianum su rv iv ed  th e  p ro c e ss in g  fo r  12 m in  as  a g a in s t th e  
c a lc u la te d  p ro c e s s  t im e  o f 1 6 .6  m in .

T h e se  re su lts  in d ic a te d  th a t  th e  p ro c e s s  e v o lv e d  o n  th e  b as is  o f  en z y m e  
in a c tiv a tio n  w as m ic ro b io lg ica lly  safe .

Thermal process for mango
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Temperature (°F)

Figure 5. TDT curves of Cl. pasteurianum in Totapuri mango preparations.

Quality o f the canned product

N o  re s id u a l P E  ac tiv ity  w as fo u n d  in  th e  can s p ro c e sse d  fo r  th e  c a lc u la te d  
p e r io d  e i th e r  im m e d ia te ly  a f te r  p ro c e ss in g  o r  on  s to ra g e  fo r  6 m o n th s  a t  th e  
ro o m  te m p e ra tu re .  T h e  v a c u u m  w as in itia lly  2 0  in o f  H g  w h ich  re d u c e d  to  13 to  
15 in  d u rin g  s to ra g e  (T a b le  5).

T h e  d ra in e d  w e ig h t ra n g e d  fro m  6 4 .3 2  to  6 8 .5 7 %  a n d  th e  cu t o u t B rix  w as 
22°. T h e  p H  o f  th e  c a n n e d  p ro d u c t  w as 3 .6 8  a n d  ac id ity  w as b e tw e e n  0 .4 3  to  
0 .4 5 % . T e x tu re  o f  th e  fre sh  fru it  w as 4 9 9 .4  g, e x p re sse d  as  th e  sh e a r  fo rce . 
In itia l te x tu re  re a d in g s  o f  h o t-f i l le d  can s p ro c e sse d  fo r  17 m in , a n d  th e  c o n tro l 
can s p ro c e s se d  fo r  3 0  m in  (p ro c e ss in g  tim e  co m m erc ia lly  fo llo w ed ) a t 2 0 7 °F  
(9 7 °C ) w e re  3 8 0 .7  a n d  3 0 1 .6  g re sp ec tiv e ly . D u r in g  s to ra g e  fo r  6 m o n th s , th e re  
w as fu r th e r  d e c re a se  in  th e  te x tu re  re a d in g s  (T a b le  5).

T h e  c a n n e d  p ro d u c t  p ro c e sse d  fo r  17 m in  a t 2 0 7 °F  (9 7 °C ) h a d  re ta in e d  th e  
n a tu ra l c o lo u r, a n d  th e  f la v o u r w as g o o d . T h e  sy ru p  w as c lea r.

Recommendation for commercial processing

T h e  v a lu e  fo r  th e rm a l in a c tiv a tio n  o f  P E  in  sy ru p  h o m o g e n a te  w as F\f0'l% 
= 1 .0  a t p H  3 .6  w h ich  w as e q u iv a le n t to  2 .1 9  D. C o m m e rc ia lly , a 3 D p ro c e ss  
b a se d  o n  P E  in a c tiv a tio n  in rip e  T o ta p u r i  m an g o  slices e n su re s  a m ic ro b io lo g i-
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cally safe  an d  o rg a n o le p t ic a l ly  a c c e p ta b le  p ro d u c t .  T h e  p ro c ess  t im e  re q u ir e d  to
ac h ie v e  th is  a t  d i f fe re n t  in itia l a n d  p ro c ess in g  t e m p e r a tu r e s  a re  g iven  in T a b le  3.
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Engineering factors in the production of concentrated 
fruit juices
1. Fluid physical properties of orange juices

M . M O R E S I a n d  M . S P IN O S I

Summary

T h is  s tu d y  p re s e n ts  th e  e s se n tia l p h y sica l p ro p e r t ie s  (b o ilin g -p o in t r ise , v isco s
ity , d e n s ity , sp ec ific  h e a t)  o f  o ra n g e  ju ic e s , n ec essa ry  fo r  th e  o p tim iz a tio n  o f  
p ro c e ss in g  u n its  fo r  c o n c e n tra te d  o ra n g e  ju ices .

W h en  th e se  p h y sica l p ro p e r t ie s  w e re  c o r re la te d  w ith  th e  su c ro se  c o n te n t  o f  
ju ice , e x p re s se d  as d e g re e s  B rix , in th e  ra n g e  1 0 -6 5 °  B rix  a n d  c o m p a re d  w ith  
th o se  o f  a q u e o u s  su c ro se  so lu tio n s , s ig n ifican t d iffe re n c e s  w e re  o b se rv e d  in 
re sp e c t o f  v iscosity , sp ec ific  h e a t a n d  e le v a tio n  o f  b o ilin g  p o in t.

Introduction

T h e  re c e n t  e v o lu tio n  o f  f ru it ju ic e  p ro d u c tio n  a n d  its t re n d s  fo r  th e  im m e d ia te  
fu tu re  h av e  in v o lv ed  im p ro v e m e n t a n d  a u to m a tio n  o f  th e  p ro c e sse s  o f  e x tra c 
tio n , c la r if ic a tio n  a n d  d e w a te r in g  (d e s ig n  a n d  u tiliz a tio n  o f  p la n t an d  m a c h in 
e ry ) a n d  an  in c re a se  o f  flex ib ility  in  tre a t in g  d if fe re n t k in d s  o f  fru it.

T h e  w a te r  c o n te n t  o f  f ru it ju ic e s  is u su a lly  a b o u t 9 0 %  by w e ig h t a n d  its 
re d u c tio n  m ay  b e  th e  la s t s te p  in fo o d  p ro c e ss in g  p r io r  to  p ack ag in g .

T h is  s te p  re d u c e s  p ac k a g in g , t r a n s p o r t  a n d  s to ra g e  co s ts , w h ils t th e  re d u c e d  
w a te r  ac tiv ity  e n h a n c e s  s to ra g e  s tab ility . S en so ry  a c c e p ta b ility  a n d  c o n v e n ie n c e  
fo r  th e  c o n su m e r  a re  im p ro v ed .

H o w e v e r  th e  c o n c e n tra t io n  o f  f ru it  ju ic e s  is a d e lic a te  a ffa ir , s ince m an y  o f 
th e ir  c o n s titu e n ts  a re  ch em ica lly  u n s ta b le  e v e n  a t m o d e ra te  te m p e ra tu re s .  T o  
o b ta in  g o o d  p ro d u c ts , p a s te u r iz a t io n  ( to  d e c re a se  b a c te r ia l  c o u n t a n d  to  in a c ti
v a te  p e c tin e s te ra s e  a c tiv ity ) a n d  c o n c e n tra t io n  m u s t m e e t s tr ic t s ta n d a rd s . 
M o re o v e r , th e  q u a lity  o f  c o n c e n tra te d  ju ic e s  is g re a tly  d e p e n d e n t  o n  th e  
p a t te rn  o f  o d o ro u s  c o m p o u n d s  in  th e  fre sh  ju ic e  . T h e se  a ro m a  c o m p o u n d s  a re  
v o la tile  a n d  ca n  b e  lo s t b y  e v a p o ra tio n .

A t p re s e n t ,  c o n c e n tra t io n  o f  f ru it ju ic e s  can  b e  o b ta in e d  by  usin g  th e  fo llo w -

Authors' address: lstituto di Chimica Applicata e Industriale. Faculty of Engineering. Uni
versity of Rome, via Eudossiana. 18. 00186 Rome, Italy.

0022-1163/80/0600-0265 $02.00 ©  1980 Blackwell Scientific Publications



266 M. Moresi and M. Spinosi

ing  p ro c esse s : e v a p o ra tio n  w ith  o r  w ith o u t a ro m a  re c o v e ry  by  s tr ip p in g  a n d /o r  
d is tilla tio n , re v e rse  o sm o sis  o r  u ltra f il tra tio n  w ith  o r  w ith o u t a ro m a  re co v e ry  
fro m  th e  p e rm e a te  by d is tilla tio n , a n d  fre e z e  c o n c e n tra tio n .

T h e  se lec tio n  o f  th e  c o n c e n tra tio n  p ro c e ss  is a  p u re ly  e c o n o m ic  p ro b le m  a n d , 
fo r  in s ta n c e , T h ijs se n  & v an  O y e n  (1 9 7 7 )  sh o w e d  th a t  th e  co sts  o f  d e w a te r in g  
w ith  a ro m a  re c o v e ry  a p p e a r  to  be  low est fo r  lo n g  tu b e  fa llin g  film  a n d  p la te  
e v a p o ra to rs .

A t p re s e n t ,  w e ll-e s ta b lish e d  c r ite r ia  fo r  d es ig n in g  an y  ju ic e -p ro c e ss in g  u n it 
d o  n o  ex is t, a n d  e q u ip m e n t is u su a lly  p u rc h a se d  to g e th e r  w ith  tech n o lo g ica l 
k n o w -h o w  fro m  a sm all n u m b e r  o f  m a n u fa c tu re rs . T h e re fo re  th e se  u n its  a re  
o f te n  o v e rd e s ig n e d .

A n  o p tim iza tio n  p ro c e d u re  cou ld  b e  set u p , re q u ir in g  th e  fo llow ing: (a) 
c h a ra c te r iz a tio n  o f  th e  e sse n tia l p h y sica l p ro p e r t ie s  o f  f ru it ju ic e s  (i.e., b o ilin g  
p o in t rise , d e n s ity , sp ec ific  h e a t,  v iscosity , th e rm a l co n d u c tiv ity , e tc .) ;  (b ) 
m o d e llin g  o f  c o n c e n tra t io n  p ro c ess ; (c) o b je c tiv e  fu n c tio n  to  ch o o se  th e  p ro c e ss  
th a t  p e r fo rm s  th e  jo b  o p tim a lly  a t g iv en  co sts  o f  c a p ita l, u tilitie s , la b o u r , e tc .

T h e  d a ta  re q u ire d  a t s te p  (a ) a re  u su a lly  n o t a v a ila b le . H o n ig  (1 9 5 3 )  has 
re p o r te d  th e  p ro p e r t ie s  o f  a q u e o u s  su c ro se  so lu tio n s . D e s ro s ie r  (1 9 7 0 )  gave 
b o ilin g  p o in ts  o f  ty p ica l f ru it  ju ic e /su g a r  m ix tu re s  a t v a r io u s  p re s su re s  fo r  
so lu b le  so lid s  c o n c e n tra t io n s  ra n g in g  fro m  5 0  to  7 6 %  by w e ig h t.

T h e  d a ta  a re  fo r  u n k n o w n  fru it /su g a r  m ix tu re s  a n d  a re  o f  lim ite d  u se  in 
e v a p o ra to r  design .

V a rsh n e y  & B a rh a te  (1 9 7 8 )  p re s e n te d  b o ilin g  p o in t d a ta  fo r  p in e a p p le , 
m a n g o  a n d  lem o n  ju ic e s  a t v a r io u s  c o n c e n tra tio n s  a n d  p re ssu re s .

T h e  p re s e n t  s tu d y  is th e  f irs t in a se rie s  o f  in v e s tig a tio n s  to  c h a ra c te r iz e  th e  
e s se n tia l p h y sica l p ro p e r t ie s  o f  so m e  fru it ju ic e s  a n d  to  o p tim iz e  th e  p a s te u r iz a 
tio n  a n d  c o n c e n tra t io n  u n it o f  any  fru it  ju ic e  p ro d u c tio n  p ro c ess . In  th is  p a p e r , 
b o ilin g -p o in t e le v a tio n s , d e n s itie s , v isco sitie s  a n d  spec ific  h e a ts  o f  o ra n g e  ju ic e  
a t d if fe re n t c o n c e n tra t io n s  a re  re p o r te d .

Materials and methods

(1) Materials

Ju ic e  w as e x tra c te d  fro m  m a tu re  I ta lia n  ty p e  (‘O v a le ’) fru its  in  a m a n u a lly  
o p e ra te d  sc rew  p re ss , c e n tr ifu g e d  in  a c o n tin u o u s  c e n tr ifu g e  a t  1 5 0 0  rev /m in  
a n d  th e n  f i l te re d  u n d e r  v ac u u m  on  a n  o rd in a ry  c lo th  f ilte r  to  re m o v e  su sp e n d e d  
p a r tic le s .

T h e  c o n c e n tra t io n  o f  o ra n g e  ju ic e  w as m e a s u re d  by  re f ra c to m e te r  a t 20 °C  
a n d  e x p re s se d  as d e g re e s  B rix  (p e rc e n ta g e  by w e ig h t o f  e q u iv a le n t su c ro se  in  
th e  so lu tio n )  as  d e sc r ib e d  p re v io u s ly  (M in is te ro  A g r ic u ltu ra  e F o re s te , 1 9 6 1 ; 
S a fin a , 1 9 7 1 ; U .S . D e p t. A g r. P ro d ., 1 9 4 9 ). T h e  c o r re c tio n  o f  d e g re e  B rix  w as 
m a d e  b y  ta k in g  in to  a c c o u n t th e  ac id ity  o f  o ra n g e  ju ic e , a c c o rd in g  to  S te v en s  & 
B a ie r  (1 9 3 9 ) .
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Figure 1. Schematic diagram of experimental boiling point apparatus.

T h e  ju ic e  w as c o n c e n tra te d  u n d e r  v ac u u m  (a b o u t  6 0  m m  H g  a b s .)  in  th e  
ra n g e  fro m  9 .6  to  65° B rix .

W h e n  th e re  w as an y  su b s ta n tia l  tim e  g ap  b e tw e e n  tw o  p ro c e sse s , th e  ju ice  
w as s to re d  a t a b o u t 4 °C  b e fo re  a n d  a f te r  c o n c e n tra t io n .

(2 )  Apparatus and procedure

2.1  Measurement o f boiling-point elevation. T h e  a p p a ra tu s  sh o w n  in  F ig . 1 
w as u se d . I t  co n s is te d  o f  a 6 .5  cm  f la t -b o t to m e d  P y rex  fla sk  V . E a c h  sa m p le  w as
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in tro d u c e d  in to  V  by  m ean s  o f  a tu b e  A . W h e n  th e  ju ice  w as b o ilin g  a re c irc u la 
tio n  flow  w as e s ta b lish e d  b e tw e e n  tu b e s  B a n d  C . T h e  l iq u id -v a p o u r  m ix tu re , 
l ib e ra te d  fro m  th e  liq u id  su rfa c e , w e n t u p  a lo n g  tu b e  B , th u s  c o n ta in in g  th e  b u lb  
o f  a th e rm o m e te r .  T h e n , a ca tch a ll D , in s ta lle d  in th e  liq u id -v a p o u r  lin e , 
re m o v e d  e n tra in e d  liq u id  p a r tic le s , w h ich  r e tu r n e d  to  th e  b u lk  o f  th e  liq u id , an d  
a llo w ed  th e  v a p o u rs  to  e n te r  th e  re flu x  c o n d e n s e r  R C . T h e se  v a p o u rs  w ere  
c o n d e n se d  a n d  th e  c o n d e n s a te  flo w ed  d o w n  th ro u g h  th e  sam e tu b e  C. V a lv e  R  
a llo w ed  c o n tro l o f  th e  re c irc u la tio n  flow  ra te . T h is  m a in ta in e d  th e  c o n c e n tra 
tio n  o f  ju ic e  c o n s ta n t.

T h e  a p p a ra tu s  w as c o n n e c te d  to  a v ac u u m  p u m p  to  c re a te  a p re s su re  ra n g in g  
from  60  to  7 6 0  m m  H g abs. T h e  p re ssu re  w as m easu red  by m ean s  o f a U - tu b e  
m a n o m e te r . T h e  sa m p le  w as h e a te d  by m e a n s  o f  a re s is ta n c e  h e a te r  w ra p p e d  
a ro u n d  th e  e x te rn a l  su rfa ce  o f  V  a n d  m ix ed  by  a m a g n e tic  s tir re r .

T h e  p e r fo rm a n c e  o f  th e  a p p a ra tu s  w as c h e c k e d  usin g  w a te r  an d  a q u e o u s  
su c ro se  so lu tio n s  w h o se  b o ilin g  p o in ts  a t v a r io u s  c o n c e n tra t io n s  a n d  p re ssu re s  
a re  k n o w n , a n d  w as fo u n d  to  be  g o o d .

In  e a c h  e x p e r im e n t a 120  m l sa m p le  o f  c o n c e n tra te d  ju ic e  w as c h a rg e d  in to  
th e  b o ilin g  vesse l a n d  all c o n n e c tio n s  w e re  m a d e . T h e  co o lin g  w a te r  flow  w as 
s ta r te d  in th e  re flu x  c o n d e n se r , th e  v acu u m  p u m p  s ta r te d  to  o b ta in  a p re s su re  o f 
ab o u t 60  m m  H g  abs. an d  th e  flu id  w as m ixed  an d  h e a te d  slow ly. T h e  bo iling  
p o in t o f  th e  so lu tio n  a n d  a sso c ia te d  p re s su re  w e re  re c o rd e d , th e  p re s su re  an d  
te m p e ra tu re  re a d in g s  b e in g  c o n s ta n t fo r  a t le a s t 5 m in.

T h e  v acu u m  w as th e n  d ec rea sed  by  a b o u t 50  m m  H g an d  th e  p ro c e d u re  w as 
re p e a te d  u n til th e  a tm o s p h e r ic  p re s su re  w as re a c h e d . T h e  h e a tin g  w as th en  
s to p p e d  a n d  th e  vesse l c o o le d  d o w n  to  ro o m  te m p e ra tu re .  T h e  ju ic e  w as 
p a r tia lly  re m o v e d  an d  th e  c o n c e n tra tio n  c h e c k e d . In  a few  cases  th e  ru n  w as 
re p e a te d  to  check  th e  p re v io u s  re su lts .

Ju ice  o f  a n o th e r  c o n c e n tra t io n  w as th e n  p lace d  in th e  b o ilin g  vesse l a n d  th e  
ab o v e  p ro c e d u re  re p e a te d .
2 .2  Measurement o f viscosity. T h e  v iscosity  o f  ea ch  so lu tio n  w as d e te rm in e d  
w ith  a H o p p le r  fa llin g  sp h e re  v isc o m e te r  (D IN  5 3 0 1 6 ; K arl S c h n e id e r  &  S o h n , 
W e rth e im , G e rm a n y )  a t 2 5 ,3 5  a n d  50°C  in a c o n s ta n t- te m p e ra tu re  w a te r  b a th .

T h e  fa llin g  tim e s  o f  c a lib ra te d  g lass a n d  s ta in le ss  s tee l sp h e re s  b e tw e e n  tw o  
g iven  lin es  in  w a te r  a n d  o ra n g e  ju ic e  w e re  re c o rd e d  a n d  u sed  to  d e te rm in e  th e  
v iscosity  o f  ea ch  so lu tio n .

2 .3 . Measurement o f density. T h e  d e n s ity  w as m e a su re d  by filling  a c a lib ra te d  
v o lu m e tr ic  flask  w ith  th e  o ra n g e  ju ic e  to  a m a rk e d  v o lu m e  an d  d e te rm in in g  th e  
w e ig h t a t c o n s ta n t te m p e ra tu re  (2 1 °C ).

2 .4 . Measurement o f specific heat. T h e  sp ec ific  h e a t  w as m e a su re d  w ith  a 
‘T h e rm a l A n a ly z e r1 D u p o n t 9 9 0  (D e la w a re , U .S .A .) .

T h e  sp ec ific  h e a t  o f  a te s t sa m p le  w as d e te rm in e d  by  c o m p a r in g  th e  th e rm a l 
lag b e tw e e n  sa m p le  a n d  re fe re n c e  sy s tem s u n d e r  ‘b la n k ’ a n d  ‘s a m p le ’ c o n d i
tio n s . S pecific  h e a t  w as c a lc u la te d  by  m e a su r in g  th e  d iffe re n c e  in  Y -ax is  d is 
p la c e m e n t (c a lo r im e tr ic  d iffe re n tia l)  b e tw e e n  th e  sa m p le  a n d  b la n k  c u rv es  a t 
any  d e s ire d  te m p e ra tu re .  T h e  cell c a lib ra tio n  co e ffic ien t w as d e te rm in e d  by  
ru n n in g  a w a te r  sa m p le  fo r  e a ch  te m p e r a tu re  in  th e  ra n g e  1 0 -4 0 °C .
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Figure 2. Boiling-point rise, A T  b, of orange juice V5 boiling point of water, T A.

(3 )  Results

T h e  e x p e r im e n ta l b o ilin g  p o in t e le v a tio n s , A Tb, o f  c o n c e n tra te d  o ra n g e  ju ice  
vs b o ilin g  p o in ts  o f  w a te r  a t th e  sam e p re s su re  a re  show n  in F ig . 2.

T h e  e x p e r im e n ta l v iscosity  o f  e a c h  so lu tio n , |x, is p lo t te d  as a fu n c tio n  o f  
te m p e ra tu re  in  F ig . 3.

F ig u re  4 show s th e  e x p e rim e n ta l d e n s ity ,P , a t 2 1 °C v s  c o n c e n tra tio n  o f  ju ice , 
e x p re sse d  as °B rix .

T h e  e x p e r im e n ta l v a lu es , cp, a t  25 °C  a re  p lo tte d  a g a in s t c o n c e n tra tio n  in  Fig. 
5. In  th e  ra n g e  10 -4 0 ° C  th e  spec ific  h e a t  o f  ea ch  sa m p le  w as a b o u t c o n s ta n t  ( th e  
m ax im u m  s ta n d a rd  d e v ia tio n  w as 0 .1 2 6  J /g -°C ).

Analysis of results and discussion

1. Boiling-point elevation

T h e  b o ilin g  p o in ts  o f  o ra n g e  ju ic e , Ts, a t v a r io u s  c o n c e n tra t io n s  in c re a se  
lin ea rly  w ith  th e  b o ilin g  p o in t o f  w a te r , TA, as s ta te d  by  D iih rin g ’s R u le .
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Figure 3. Variation of the viscosity of orange juice, sucrose solution and water with 
temperature. • ,  Orange juice, (this work): A. sucrose solutions (Honig. 1953).

0  10 20 30 40  50 60 70

Concentration (°Brix)

Figure 4. D e n s i ty  o f  c o n c e n t r a t e d  o r a n g e  ju ic e s  a n d  s u c ro s e  s o lu t io n s  a t  2 1 ° C  a s  a
fu n c tio n  o f  t h e i r  c o n c e n tr a t io n .  • .  O ra n g e  ju ic e  ( th is  w o rk ) ;  A .  s u c ro s e  s o lu t io n s
( H o n ig .  1 9 5 3 ) .
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Figure 5. Specific heat of orange juices and sucrose solutions at 25°C as a function of 
their concentration. • ,  Orange juice (this work); □, sucrose solutions (Honig, 
1953).

T h e re fo re ,  a t c o n s ta n t  c o n c e n tra t io n  w e h av e :

7s =  m 0 +  nij Ta (1 )

w h e re  rr^ a n d  mj a re  c o n s ta n ts . T h e se  u n k n o w n  p a ra m e te r s  fo r  e a ch  o ra n g e  
ju ic e  c o n c e n tra t io n  w e re  o b ta in e d  by  u s in g  th e  m e th o d  o f th e  le a s t sq u a re s  a n d  
a re  ta b u la te d  in  T a b le  1 to g e th e r  w ith  c o r re la t io n  co e ffic ie n t, r2, a n d  d e g re e s  o f  
f re e d o m , 0.

F ro m  T a b le  1 it m ay  b e  o b se rv e d  th a t  nfi] is a b o u t 1; th a t  is, th e  re su ltin g  p lo ts  
a re  s tra ig h t lin es  a n d  p lo ts  fo r  d iffe re n t c o n c e n tra t io n s  a re  ro u g h ly  p a ra lle l .  
T h is  m e a n s  th a t  th e  b o ilin g  p o in t rise , ATb, a t  e a c h  c o n c e n tra t io n  o f  ju ic e  is 
in d e p e n d e n t  o f  TA a n d  is re la te d  o n ly  to  th e  su g a r c o n te n t  o f  th e  ju ice . F ro m  e q n
(1 ) , w e find :

A T b =  T s -  T a =  m „  (2 )

H e n c e , th e  v a lu e s  o f  ATb w e re  c a lc u la te d  b y  s u b tra c tin g  th e  b o ilin g  p o in t  o f  
w a te r  fro m  th e  o b s e rv e d  b o ilin g  p o in t  o f  a  g iv en  sa m p le  fo r  e a c h  e x p e r im e n ta l  
p re s su re  a n d  p lo t te d  as a fu n c tio n  o f  b o ilin g  p o in t  o f  w a te r  in  F ig . 2.

T h e  m e a n  v a lu es  o f  ATb fo r  all th e  e x p e r im e n ta l ru n s  w ith  th e ir  s ta n d a rd
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Table 1. Values of constants m0 and mx in equation 
Ts = mt7a for orange juices’ plot of Fig 2, correlation 
coefficient, r2, of each regression line and degrees of free
dom, ip, as a function of concentration.

Concentration
°Brix

m„
(K)

m, r2 9

9.60 0.5285 0.999 0.999 17
17.00 0.6359 0.999 1.000 18
25.70 0.9110 1.000 1.000 18
31.80 1.3224 0.998 1.000 16
43.00 2.0780 0.998 1.000 21
50.75 2.6130 1.005 1.000 16
57.50 3.5940 1.001 1.000 17
65.00 6.0930 0.987 0.995 16

e r ro rs  w e re  th e n  c a lc u la te d  a n d  a re  sh o w n  in  T a b le  2. T h e s e  m e a n  v a lu es  o f  ATb 
vs th e ir  re sp e c tiv e  c o n c e n tra t io n s  w e re  fina lly  p lo tte d  in  F ig. 6.

T h e  b o ilin g  p o in t  e le v a tio n  o f  a  liq u id  A  c a u se d  b y  a d d itio n  o f  a n o n -v o la tile  
so lu te  B a t  lo w  m o la lity  can  b e  c a lc u la te d  fro m  firs t p rin c ip le s  (M o o re , 1 9 7 2 ) as

A77
R T l
A f/V (3)

w h e re  R  is th e  gas c o n s ta n t  (k J /k m o le -  K ), T0 th e  b o ilin g  p o in t o f  so lv e n t A (K ) , 
AHv is its e n th a lp y  o f  v a p o r iz a tio n  p e r  m o le  (k J /k m o le )  a n d x B th e  m o le  f ra c tio n  
o f  so lu te . E q n  (3 )  can  b e  re -w r it te n  as fo llow s

A Tb
R  Tl 1_________

A H ,  1 + . M b
Tb Ma

R Tl 
AH,

Tb M a 
(1 "T r) M b

(4)

Table 2. Mean values of boiling-point rise and 
their standard errors as a function of concentra
tion.

Concentration
(°Brix)

A Th 
(K)

Standard error
(K)

9.6 0.474 ± 0.051
17.00 0.584 ± 0.050
25.70 0.919 ± 0.072
31.80 1.160 ± 0.044
43.00 1.912 ± 0.043
50.75 3.003 ± 0.089
57.50 3.704 ± 0.086
65.00 4.804 ± 0.109
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Concentration (°Brix)

Figure 6. Variation of the boiling-point rise of orange juice and sucrose solution with 
concentration. A, Orange juice (this work); A. Sucrose solutions (Honig. 1953); 
-------- , calculated by eqn (5 ) ;---- , calculated by eqn (4).

w h e re  M A a n d  M B a re  th e  m o le c u la r  w e ig h ts  o f  so lv e n t a n d  so lu te , re sp ec tiv e ly , 
a n d y B th e  w e ig h t f ra c tio n  o f  so lu te . T h u s , th e  e s tim a tio n  o f  b o ilin g  p o in t rise  
fro m  e q n  (4 )  will r e q u ire  a c c u ra te  k n o w led g e  o f  th e  fra c tio n  o f  so lu te s  in  th e  
so lu tio n , w hich  is d ifficu lt in  th is  case  b e c a u se  o ra n g e  ju ic e  co n ta in s  m an y  
so lu te s .

T h e  b ro k e n  lin e  o f  F ig . 6 w as c a lc u la te d  by u sin g  eq n  (4 ) w ith  T0 = 3 7 3 .1 5  K 
a n d  yB e q u a l to  th e  w e ig h t f ra c tio n  o f  e q u iv a le n t su c ro se . T h e  e r ro r  in  th e  
e s tim a tio n  o f  A7), o f  o ra n g e  ju ic e  is g re a t  e v e n  a t low  c o n c e n tra tio n s  an d  
in c re a se s  as th e  c o n c e n tra t io n  in c re a se s , ac co rd in g  to  F o u s t et al. (1 9 6 0 ) .

T h e re fo re ,  th e  e x p e rim e n ta l v a lu es  o f  AT b (o p e n  sy m b o ls) o f  Fig. 6 w e re  
c o r re la te d  as

M h = a 0 + a \ y B + a i y \ + a i y \  (5 )

w h e re  y B is th e  w e ig h t f ra c tio n  o f  su c ro se  in  th e  ju ic e , by  usin g  a n o n - l in e a r  
o p tim iz a tio n  m e th o d  to  m a in ta in  a o =  0 a n d  th e re fo re  ATb =  0 fo r  yB=  0  (p u re  
w a te r) .  T h e  v a lu es  o f  all th e  a b o v e  p a ra m e te rs  a re  lis te d  in  T a b le  3.

T h e  c o n tin u o u s  lin e  o f  F ig . 6 sh o w s th e  a g re e m e n t b e tw e e n  th e  ca lc u la te d  
an d  e x p e r im e n ta l b o ilin g -p o in t rises; th e  m e a n  s ta n d a rd  e r ro r  w as less th a n  8 %  
a n d  th e  d e v ia tio n  a b o u t th e  re g re ss io n  line  w as 0 .0 9 3 .

F u r th e rm o re , th e  e x p e r im e n ta l ATb v a lu es  o f  a q u e o u s  su c ro se  so lu tio n s  
(c lo se d  sy m b o ls) a t  a tm o sp h e ric  p re s su re  (H o n ig , 1 9 5 3 ) w e re  p lo tte d  in Fig. 6 
to  g ive th e  o rd e r  o f  m a g n itu d e  o f  th e  e r ro r  in  th e  e s tim a tio n  o f  AT b, w h en  th e se  
b o ilin g -p o in t rises  a re  u sed  in s te a d  o f  th o se  o f  o ra n g e  ju ices . F o r  in s ta n c e , th e  
e r ro r  is 2 2 %  a t  65° B rix .

19
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Table 3. Regression equations of the physical properties of orange juices.

Physical property Regression Unit

Boiling-point rise ATb = 3.2 yB — 2.42 y2B + 14 y3B K
a = 34.668-0.2024 yB+0.0162 y2B cp

Viscosity P = -6.1055+0.0396yB—2.68 x 10-3y2B -
Density p = 0.9944 + 0.307 yB + 0.282 y2B g cm-3
Specific heat cp = 4.186 -  2.679 yB Jg -(K )-

(2 )  Viscosity

T h e  v iscosity  o f  ea ch  so lu tio n  can  b e  e x p re sse d  as

M- =  a^K  (6)

w h e re  a  a n d  (3 a re  fu n c tio n s  o f  th e  su g a r c o n te n t  o f  th e  ju ic e  a n d  TK is th e  
a b so lu te  te m p e ra tu re  (K ).

A  lin e a r  re g re ss io n  b e tw e e n  lnp. a n d  ln T K re s u lte d  in  a se t o f  p a ra m e te rs  a  
a n d  p w ith  re g re ss io n  c o e ffic ien ts  ra n g in g  fro m  0 .9 7  to  0 .9 9 .

T h e se  p a ra m e te r s  w e re  c o r re la te d  w ith  th e ir  re sp e c tiv e  c o n c e n tra t io n s  by  
usin g  a p o ly n o m ia l fo rm  w ith  th e  m e th o d  o f th e  le a s t sq u a re s . A  p o ly n o m ia l o f 
th e  3 rd  d e g re e  w as fo u n d  to  re c o n s tru c t  s ig n ifican tly  th e  o rig in a l v a lu es  o f  a  a n d  
P by m e a n s  o f  an  F - te s t :  th e ir  re g re ss io n  co e ffic ien ts  w e re  0 .9 6  a n d  0 .9 7 , 
re sp ec tiv e ly .

A  n o n - l in e a r  o p tim iz a tio n  m e th o d  w as fina lly  u sed  to  m in im ize  th e  s ta n d a rd  
e r ro r  b e tw e e n  th e  e x p e r im e n ta l a n d  c a lc u la te d  v a lu es  o f  v iscosity .

T h e  c o n tin u o u s  lin e s  o f  F ig . 3 w e re  c a lc u la te d  by  u s in g  e q n  (6 ) w ith  a  a n d  p 
e x p re sse d  as lis te d  in T a b le  3: th e  m e a n  s ta n d a rd  e r ro r  w as less th a n  8 % .

T h e  b ro k e n  lin es  o f  F ig. 3 ap p ly  to  a q u e o u s  su c ro se  so lu tio n s  a t 20 , 5 0  a n d  
6 5°B rix  a n d  a llo w  a d ire c t co m p a r iso n  b e tw e e n  th e  v isco sitie s  o f  o ra n g e  ju ic e  
a n d  su c ro se  so lu tio n s . F o r  in s ta n c e , a t 50°C  th e  v isco sity  o f  o ra n g e  ju ic e  a t 
6 5°B rix  is a b o u t  tw ice  th a t  o f  a  su c ro se  so lu tio n  a t th e  sam e  c o n c e n tra tio n .

F u r th e rm o re , a f te r  e x tra c tio n  o ra n g e  ju ic e  c o n ta in s  a b o u t 1 2 %  o f  see d s , 
p iece s  o f  p e e l a n d  p u lp , w h ich  a re  u su a lly  re d u c e  to  1 -5 %  by m ean s  o f  p a d d le  
a n d  sc re e n  ty p e  f in ish e rs  a n d  c e n tr ifu g e s  b e fo re  th e  c o n c e n tra tio n  o f  ju ic e  
(T re s s le r  &  Jo s ly m , 1 9 6 1 ). T h is  re s id u a l m a te r ia l  fu r th e r  in c re a se s  th e  v isco sity  
o f  in d u s tr ia l  o ra n g e  ju ic e s  a n d  m o re o v e r  can  m o d ify  th e  rh e o lo g ic a l b e h a v io u r  
o f  th e  flu id .

(3 )  Density

T h e  d e n s ity  o f  o ra n g e  ju ic e s  is a n o n - l in e a r  fu n c tio n  o f  th e ir  c o n c e n tra t io n , as 
show n  in F ig . 4 . B y th e  m e th o d  o f  th e  le a s t  sq u a re s  th e  fo llo w in g  w as o b ta in e d :

p=b„ + b i y B + b i y \  (7 )
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w ith  a  re g re ss io n  c o e ffic ien t e q u a l to  0 .9 9 4 . T h e  v a lu e s  o f  th e  ab o v e  p a r a m e t
e rs  a re  sh o w n  in T a b le  3.

T h e  c o n tin u o u s  lin e  o f  F ig . 4  w as c a lc u la te d  b y  u s in g  e q n  (7 ): th e  m e a n  
s ta n d a rd  e r r o r  is 0 .6 5  %  a n d  th e  d e v ia tio n  a b o u t th e  e m p iric a l re g re ss io n  lin e  is 
s2i =  0 .7 4  x  1 0 -4 w ith  8 d e g re e s  o f  f re e d o m .

T h e  d e n s ity  o f  o ra n g e  ju ic e  (c lo se d  sy m b o ls) a t  c o n c e n tra t io n s  b e lo w  40° 
B rix  s e e m e d  to  b e  sm a lle r  th a n  th a t  o f  su c ro se  so lu tio n s  (o p e n  sy m b o ls) a t  th e  
sam e  c o n c e n tra t io n  (H o n ig , 1 9 5 3 ) (se e  F ig . 4 ).

T o  e s ta b lish  if th is  s ta te m e n t h a d  a  s ta tis tic a l s ig n ifican ce  a t  a  g iv en  co n f i
d e n c e  lev e l, th e  d e v ia tio n  o f  th e  d e n s itie s  o f  su c ro se  so lu tio n s  (se e  F ig . 4 )  a b o u t 
th e  em p irica l re g re ss io n  l i n e - e q n  (7 )  -  w as ca lc u la ted , th u s  o b ta in in g s 22 =  1 .38 
x  1 0 -4 w ith  8 d e g re e s  o f  f re e d o m . T h e  r a t i o s 22/s2i is 1.85< F o .9s (8 ,8 )  =  3 .4 4 .

T h e re fo re ,  th e  d iffe re n c e s  b e tw e e n  th e  tw o  se ts  o f  e x p e r im e n ta l d a ta  (c lo se d  
a n d  o p e n  sy m b o ls  o f  F ig . 4 )  a re  n o t  s ta tis tic a lly  s ig n ifican t a t  th e  9 5 %  c o n f i
d e n c e  level.

(4 )  Specific heat

F ig u re  5 sh o w s th a t  th e  e x p e r im e n ta l  sp ec ific  h e a t  o f  o ra n g e  ju ic e  (c lo se d  
sy m b o ls) is a  l in e a r  fu n c tio n  o f  su g a r  c o n te n t . T h e  d a ta  w e re  c o r re la te d  b y  usin g  
th e  m e th o d  o f  th e  le a s t  sq u a re s  as  fo llow s:

cP = p + q yB (8)

w h e re  p  a n d  q a re  c o n s ta n ts , th e  v a lu es  o f  w h ich  a re  lis te d  in  T a b le  3. T h e  
re g re s s io n  c o e ffic ie n t is 0 .9 9 6  a n d  th e  s ta n d a rd  e r ro r  is less th a n  1 .5 % .

T h e  l i te ra tu re  cP v a lu e s  o f  su c ro se  so lu tio n s  (H o n ig , 1 9 5 3 ) (o p e n  sy m b o ls) 
w e re  a lso  p lo t te d  in  F ig . 5.

O ra n g e  ju ic e s  h a v e  a  sm a lle r  cP v a lu e  w ith  re sp e c t to  th e  a b o v e  so lu tio n s , as 
o ra n g e  ju ic e  is a  m ix tu re  o f  w a te r  a n d  su g a r w ith  sm all a m o u n ts  o f  o rg a n ic  
c o m p o u n d s  (c itr ic  ac id , a ld e h y d e s , a m in o a c id s , e tc .) . T h e s e  c o m p o u n d s , w h ich  
a re  n o t p re s e n t  in  su c ro se  so lu tio n s , re d u c e  th e  v a lu e  o f  cP o f  ju ic e .
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Measurement of the spreadability of margarine and 
butter using a single pin maturometer

P. W . B O A R D , K . A IC K E N  a n d  A . K U S K IS

Summary

S ing le  p in  m a tu ro m e te r  (S P M ) re a d in g s  w e re  ta k e n  on  sa m p le s  o f  m a rg a r in e  
a n d  b u t te r  h av in g  te m p e ra tu re s  in  th e  ra n g e  0 -2 5 ° C . T h e  sp re a d a b ili ty  o f  th e  
sam e  sam p les  a t th e  sam e  te m p e ra tu re s  w as a lso  a sse sse d  by  a p a n e l o f  tw e n ty  
a d u lts  u s in g  an  h e d o n ic  sco rin g  sca le . T h e  S P M  re a d in g s  a n d  sc o re s  fo r 
sp re a d a b ili ty  v a r ie d  m a rk e d ly  w ith  th e  ty p e  o f  p ro d u c t  a n d  its  te m p e ra tu re .  T h e  
te m p e ra tu re  c o r re s p o n d in g  to  m ax im u m  sc o re s  fo r  sp re a d a b ili ty  fo r  a h a rd  
m a rg a r in e  a n d  b u t te r  w as a b o u t 20 °C  a n d  fo r  a  so ft b u t te r  w as a b o u t 15°C . A  
so ft m a rg a r in e  re c e iv e d  sco re s  o f  m o re  th a n  6 ( =  v ery  g o o d )  o n  th e  7 p o in t 
h e d o n ic  sca le  o v e r  th e  te m p e ra tu re  ra n g e  0 - 1 0°C  a n d  th e  d a ta  in d ic a te d  th a t 
sp re a d a b ili ty  m ay  a lso  b e  ‘v ery  g o o d ’ a t te m p e ra tu re s  ju s t  b e lo w  0°C . T h e  S PM  
re a d in g  c o r re s p o n d in g  to  th e  m ax im u m  sco re  fo r  sp re a d a b ili ty  w as a b o u t lO O g 
fo r  all s am p le s . T h e  S P M  w as sh o w n  to  b e  su ita b le  fo r  th e  ro u tin e  a sse ssm e n t o f  
th e  sp re a d a b ili ty  o f  m a rg a r in e  a n d  b u tte r .

Introduction

S p re a d a b ility  is o n e  o f  th e  im p o r ta n t  q u a lity  a t t r ib u te s  o f  m a rg a r in e  a n d  b u t te r  
a n d  in s tru m e n ts  fo r  m e a su r in g  sp re a d a b ili ty  w e re  firs t d e v e lo p e d  a b o u t 5 0  
y e a rs  ag o  (M u ld e r , 1 9 5 3 ). T h e se  in s tru m e n ts  a re  o f  tw o  m a in  ty p e s ; th o se  in 
w hich  sp re a d a b ili ty  is m e a su re d  in te rm s  o f  th e  fo rce  r e q u ire d  to  e x tru d e  th e  
sa m p le  th ro u g h  o n e  o r  m o re  o rifice s  a n d  th o se  in  w hich  th e  fo rce  r e q u ir e d  to  
sp re a d  th e  sa m p le  w ith  a k n ife  is m e a su re d . In  b o th  ty p es  o f  in s tru m e n t th e  
sa m p le  u n d e rg o e s  ra p id  a n d  g ro ss  d e fo rm a tio n  as  it d o e s  w h e n  b e in g  sp re a d  
o n to  b re a d  by  co n su m e rs .

A p a rt from  ensuring tha t the  sam ple undergoes m arked  deform ation  during 
th e  m e a s u re m e n t o f  sp re a d a b ili ty  th e  c u rre n tly  u sed  in s tru m e n ts  v a ry  g re a tly  in
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design and operation and it is usually im possible to relate the results from one to  
another in basic rheological terms (M ulder, 1953). H owever, the practical 
requirem ents o f instruments of this type are that they give results o f acceptable 
reproducibility, that they are sufficiently sensitive to detect differences of 
practical importance betw een sam ples, that the m easurem ents can be related to 
the results o f sensory assessm ent of spreadability in a meaningful way and that 
the instruments are convenient to use. The extrusion instrument used by 
Prentice (1954) and the m odified H uebner-Thom son apparatus which em ploys 
a knife and was used by Riel (1960) apparently m eet these criteria.

Prentice (1 9 5 4 ) found that the linear regression of the logarithm of the force 
at the end o f the extrusion stroke against the results of sensory assessm ents of 
spreadability by a panel of three for 300  sam ples of butter, was highly signific
ant, with a correlation coefficient o f 0 .935 . R iel (1960) used a panel o f fifteen  
adults to assess the spreadability o f fifty-seven sam ples o f butter and thirty- 
eight samples o f margarine. His plots o f sensory score against logarithm of 
resistances to spreading gave broken straight lines for both types of product. In 
addition the objective m easurem ents corresponding to the sensory designation  
‘desirable spreadability’ were similar for butter and margarine.

This paper describes an evaluation of the suitability o f the single pin 
m aturom eter (SPM ) (H untington & R utledge, 1974) for measuring the 
spreadability o f margarine and butter. The SPM m easures the resistance 
offered by the sample to penetration by a blunt pin; it might therefore be 
considered to be a third type of instrument for measuring spreadability. A s the 
blunt pin penetrates 19 mm into the sample at a speed o f almost 1 cm /sec the 
m easurem ents are made under the required conditions of rapid and gross 
deform ation o f the sample (Prentice, 1954; R iel, 1960; D ixon, 1966). H ow 
ever, unlike conditions in extruders and in the instruments incorporating a 
knife, the product under test by the SPM may m ove in any direction away from  
the advancing face o f the blunt pin as the m easurem ent is made.

Since submitting this paper for publication our attention has been drawn to 
similar studies to ours on butter and margarine (de Man, Dobbs & Sherman, 
1979). In that work spreadability was determ ined by sensory m ethods and by 
several physical m ethods including penetrom eter m easurem ents.

Methods

Samples

Com m ercial sam ples o f hard and soft margarine and o f butter were used. A  
sam ple of experim ental butter having an enhanced level o f  linoleic acid and a 
soft texture was also tested. This butter was produced from cream from cows 
which had been fed a protected supplem ent based on oil seeds; the supplem ent 
gave increased levels o f  linoleic acid in the milk and body fats of the cows (Scott 
et al., 1970) and thereby perm itted the direct production o f the soft butter.
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Objective measurement o f spreadability

The blunt pin (3 .2  mm diam.) was driven vertically by a constant rate, 
constant diam eter cam operating at 10 rpm and having a throw o f 2 .54  cm. The 
pin penetrated the horizontal surface of the sam ple to a depth o f 19 mm and the 
maximum force (g) resisting penetration was measured. Force was measured  
using a ring spring and linear differential transducer which was connected to a 
pen recorder having a full chart response speed o f 0 .7 sec.

Samples were held in glass dishes (55 mm diam. x  30 mm depth) so that 
m easurem ents could conveniently be m ade at various temperatures. Care was 
taken in filling the dishes to avoid incorporating pockets o f air. A fter filling, the 
samples were held at constant tem peratures o f 0, 5, 10, 15, 20  and 25°C for 24  
hr to ensure that they were at the required test tem perature and to allow som e 
recovery o f their structure which would have been m odified during filling 
(M ulder, 1953).

Twenty SPM  readings were m ade on the spread in each dish, care being taken  
to distribute the test points evenly across the surface o f the sample. There was 
no evidence that later readings were affected by earlier readings on the same 
sample nor was there evidence o f wall effects.

Sensory measurements

Spreadability was assessed by a panel o f twenty adults who used a 7-point 
hedonic scale which ranged from 1, ‘extrem ely poor spreadability’ , to 7, ‘ideal 
spreadability’. Panellists were rem inded that the use o f this scale im plied that 
sam ples which they judged to be too hard or brittle, or too  soft or oily should be 
given low  ratings. The panellists were m em bers o f the laboratory staff and 
although they were familiar with sensory testing they were not specially trained  
in assessing spreadability.

The panellists assessed two sets o f three sam ples at a sitting in eight sessions 
in a partially balanced incom plete blocks design. The sam ples were presented as 
spheres o f about 10 g and the panellists spread the sam ples onto fresh white 
bread using w hatever technique they preferred. The sam ples were individually  
cooled  before serving and orange lights in the taste test booths m asked the 
colour o f the spreads. T he taste test booths were air conditioned and had a 
tem perature o f approxim ately 22°C. The tem perature of the bread, knives and 
plates was approxim ately 22°C to reproduce conditions usually encountered in 
spreading bread in the hom e.

Special steps were taken to ensure that the tem perature o f the sam ples 
presented to the panel was as close as possible to the tem perature o f the 
equivalent sam ples used for the SPM  m easurem ents. T he individual sam ples in 
50 ml glass serving dishes were held at the required tem perature for 24 hr 
before testing. A  few  m inutes before each session the dishes were m oved to the 
sensory laboratory in insulated b oxes which also contained plastic bags o f water 
at the required tem perature. M easurem ents with therm ocouples show ed that
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Figure 1. Effect of tem pera tu re  on the SPM  readings for: soft m argarine ( • ------ • ) ,
hard  m argarine (O ------ O ), b u tte r ( x ------ x )  and soft b u tte r ( + ------- + ).

II_______ I_______ l_______ l_______ l_______
0 5 10 15 20 25

Temperature (°C)

Figure 2. M ean sensory scores fo r spreadability  p lo tted  against tem p era tu re  for: soft
m argarine ( • ------ • ) ,  h ard  m argarine (O----- O), b u tte r (x ----- x) and  soft b u tte r
( + ------ +)•
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the temperature o f the sam ples changed by less than 0.5°C  before the samples 
were given to the panel. For serving, each dish was fitted into a cavity in a block  
of polystyrene foam  ( 1 0 x 1 0 x 4  cm) and the top of the block was covered with 
aluminium foil. This system restricted the change of temperature of the sam ples 
to less than 2C° in 10 min but most panellists com pleted their assessm ents in less 
than 5 min.

Results and discussion

The results o f the SPM m easurem ents on the margarine and butter at tem pera
tures in the range 0 -2 5 °C  are shown in Fig. 1; each point is the m ean o f twenty 
samples. Sm ooth curves were fitted to the experim ental ooints by eye to make it 
easier for the reader to follow  trends. The data clearly show that the SPM  
m easurem ents allow the samples to be distinguished in the expected way; the 
hard margarine and butter were firmer than the soft margarine and soft butter. 
The s.e. o f the mean expressed as a percentave of the reading was in the range
1-2%  for the sam ples of margarine and soft butter at tem peratures from
0 - 1 5°C. A t higher temperatures the SPM readings were low  and the percentage
s.e. was often larger than 2%  but never more than 4% . The percentage s.e. for 
the SPM readings for butter was less than 1 % for all temperatures.

The low  percentage s.e. for butter com pared with the percentage s.e. for the 
other products may be associated with the intrinsic structure of the products and 
their capacity to re-establish their structure after they were transferred to  the 
test dishes. This aspect was not investigated but it seem s likely that the s.e. 
would be less if the SPM m easurem ents were made on the product in its original 
package and this would probably be the preferred procedure in the routine 
assessm ent of spreadability.

Figure 2 shows the raw mean o f the sensory scores for spreadability obtained  
from two sittings o f the panel for each product and each temperature. Again, 
the curves are sm ooth lines which were fitted to the experim ental points by eye  
to assist the reader to follow  trends.

Data for the s.e. o f the mean score for spreadability for each sitting indicated  
that the panellists were more consistent in assessing sam ples having extrem es of 
spreadability i.e ., ideal spreadability or poor spreadability, than sam ples hav
ing an interm ediate spreadability.

The maximum score for spreadability for butter and hard margarine was 
given for sam ples having a temperature of about 20°C, and for soft butter the 
maximum occurred at about 15°C. The scores for soft margarine did not show a 
maximum but spreadability was assessed as ‘very good’ or better than that, 
corresponding to sensory scores o f 6 or higher, for the temperature range
0 -1 0°C. It appears that the spreadability o f soft margarine may be high even at 
temperatures som e degrees below  0°C. These results conform in general with 
the results obtained by de Man et al. (1 9 7 9 ) from panellists who assessed the 
spreadability of several sam ples o f butter and margarine on soda crackers. Our
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Figure 3. R elationship  o f sensory score for spreadability  and SPM  reading for: soft
m argarine ( • ------ • ) ,  hard  m argarine (O -------O ), b u tte r  ( x ------ x )  and soft bu tte r
( + -----+)•

results how ever differ appreciably from those o f R iel (1 9 6 0 ) who reported that 
butter had a ‘desirable’ spreadability at tem peratures in the range about 
15-18°C  and a sam ple o f margarine had a range of about 11-15°C .

The difference betw een R iel’s results and those o f the present study may be 
related to differences in the properties o f the butters and margarines tested, to  
differences in the properties of the bread used in assessing spreadability or to 
differences in the scales used for scoring spreadabiltiy; R iel’s scale used descrip
tions of ‘hardness’ and ‘softness’ for spreadability while the scale used in this 
work was hedonic for spreadability.

The data in Figs. 1 and 2 were used to plot the relationship betw een SPM  
reading and spreadability as assessed by the panel; the relationships are shown  
in Fig. 3 and again sm ooth curves were fitted to the points by eye to assist the 
reader. The maximum scores for spreadability occurred for all sam ples at a SPM  
reading o f about 100 g. The SPM reading corresponding to the maximum score 
for spreadability, and the maximum scores for spreadability were similar for the 
four products.

The score o f 5 was designated ‘good spreadability’ on the scoring scale so it is 
reasonable to assum e that sam ples receiving scores o f 5 or more would be at 
least satisfactory in respect to that attribute. The range o f SPM readings 
corresponding to scores o f 5 or more were about 20 to 2 00  g and it appears that 
this is a practical range for manufacturers to aim for in margarine and butter for 
table use.
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The results of this study show that the SPM  is suitable for measuring the 
spreadability o f margarine and butter. The instrument gave readings o f accept
able reproducibility even on sam ples transferred to test dishes. It is o f course 
essential to standardize conditions for recovery to obtain reproducible m eas
urem ents o f spreadability and long periods may be required for full recovery  
(M ulder, 1953). Reproducibility should be im proved if the m easurem ents are 
made on structurally undamaged sam ples in their original package, as would  
probably be done in com mercial practice. The instrument is sufficiently sensi
tive to detect textural differences o f practical im portance, it is convenient to  use 
and the results it gives are usefully correlated with scores for the sensory  
assessm ent o f spreadability.
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Storage life of chilled Patagonian hake 
(Merluccius hubbsi)

H. M. L U PÍN , D . H. G IA N N IN I, C. L. SO U L É , L. A . D A V ID O V IC H  a n d  R.
L. B O E R I

Summary

The storage life o f iced Patagonian hake (Merluccius hubbsi) was studied. 
Seasonal changes were investigated by means o f organoleptic assessm ents (raw  
and cooked), total volatile bases (T V B ) and pH.

During sum m er-tim e (D ecem ber to March) the keeping tim e, from the 
edibility point o f view , for round hake in ice is not more than 9 to 10 days; in the 
remaining months the storage life under the same conditions is up to 14 to 15 
days.

The difference could be due to the biological condition o f hake during and 
after the spawning tim e (end of spring-beginning o f sum m er), the shallow and 
tem perate waters o f the fishing grounds in summer, and the heavy feeding after 
spawning.

Comparison trials betw een gutted and ungutted hake in ice, and betw een  
ungutted hake in ice and in chilled sea water (CSW ) were also performed.

The duration o f rigor mortis of w hole hake stored in ice, and the feasibility of 
quality assessm ent by an electronic device were also studied.

Introduction

The hake fisheries in the South W est A tlantic are becom ing more important, as 
can be seen in the Report o f the F A O  Technical Consultation on the Latin 
A m erican H ake Industry (F A O , 1978) which was held in M ontevideo in 
O ctober 1977.

The Patagonian hake (Merluccius hubbsi) is the most important one in South 
A m erican waters according to the potential yield and exportation figures of 
recent years (B oerem a, 1978).

A uthors’ address: Institu to  N acional de T ecnología Industrial. C en tro  de Investigaciones de 
T ecnología Pesquera, 12 de O ctubre 4728, 7600 M ar del P lata, A rgentina.
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A lthough the species in itself is recognized as being as good as the hake 
species in the North Atlantic (Pedraja, 1978; Ludorff & M eyer, 1973; A non,
1973), som e problem s of quality arise due to handling procedures, seasonal 
changes, etc.

It has been pointed out that unlike the North Atlantic white fish, there is a 
considerable lack of data on the Patagonian hake, particularly regarding k eep 
ing time on ice, cold storage and its seasonal variations.

This work deals mainly with the keeping time o f whole Patagonian hake on 
ice, the form in which it is usually landed by trawlers in Argentina and Uruguay. 
H owever, a com parison with gutted iced hake and with the chilled sea water 
system  (CSW ) is also made.

Materials and methods

Table 1 summarizes the experim ents perform ed, with reference to the place of 
catch, season (date), vessel and types o f analysis and assessments.

The codes PS and W H correspond to experim ents performed on board the 
research ships p r o f e s o r  s i e d l e c k i  and w a l t h e r  h e r w i g  of Poland and the 
Federal R epublic o f Germ any respectively. The code a l  corresponds to catches 
of the A rgentinean com mercial trawler a l t a l e n a  (side trawler, 51 ,44  m) 
evaluated on land.

A lthough the experim ents on board w h  and p s  may be of dubious practical 
application, because of more careful handling, only minor differences with 
com mercial sam ples treated with reasonably careful handling were found in 
practice. This result was in accordance with the findings o f H u sseta /. (1974).

All the trials were performed in plastic boxes with sufficient crushed ice and 
stored in cold chambers at a temperature of ca 0°C. During the experim ents 
sam ples of not less than sixteen fish were analyzed each tim e, except for run no. 
1 where ten fish were used.

On average the organoleptic assessm ents were performed by a group o f four 
experienced assessors. A  pooled sample from one fillet for each fish used in the 
organoleptic assessm ent was utilized for the chem ical determinations.

The raw organoleptic assessm ent (R O A ) was made according to the scale 
developed for the Patagonian hake by the FAO-Fishery Developm ent Project 
in A rgentina (da Encarnacao, 1974). This scale ranges from 0 for the best 
quality to 5 for the worst, and it is shown in detail in Table 2.

The cooked  organoleptic assessm ent (C O A ) was made on fillets wrapped in 
aluminium foil and cooked by steam ing in a casserole for 10 min. A  scale was 
developed also ranging from 0 (the best quality) to 5 (the worst). This scale is 
shown in Table 3.

The total volatile bases (T V B ) were determ ined by a modification (Giannini, 
Davidovich & Lupin, 1979) of the Nordsee direct distillation method (N ordsee  
G m bH , 1972). Not less than two assays were performed on each pooled  
sample.
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2 9 0 H . M . L u p in  e t  al.

T h e  e s s e n t i a l  f e a t u r e s  o f  t h e  p r o c e d u r e  u s e d  w e r e  1 0  g r a m s  o f  g r o u n d  f i s h ,  

3 0 0  m l  o f  t a p - w a t e r ,  1 . 5  g  o f  O M g  a n d  8  d r o p s  o f  s i l i c o n e  a n t i f o a m i n g  a g e n t  

w e r e  p l a c e d  i n  a  d i r e c t  d i s t i l l a t i o n  a p p a r a t u s .  T h e n  1 8 0  m l  o f  d i s t i l l a t e  w e r e  

c o l l e c t e d  i n  a  b e a k e r  w i t h  5 0  m l  o f  2 %  b o r i c  a c i d  s o l u t i o n  a n d  m i x e d  i n d i c a t o r  
( m e t h y l  r e d  -  b r o m o c r e s o l  g r e e n ) .  A f t e r w a r d s  t h e  b e a k e r  c o n t e n t s  w e r e  

t i t r a t e d  t o  t h e  e n d  p o i n t  w i t h  0 .1  N  H2SO4.
T h e  p H  w a s  d e t e r m i n e d  d i r e c t l y  b y  m e a n s  o f  a  g l a s s  e l e c t r o d e  s e t  i n  d i f f e r e n t  

p a r t s  o f  t h e  m i n c e d ,  p o o l e d  s a m p l e .

T w o  k i n d s  o f  m e a s u r e s  o f  t h e  rigor mortis c o n d i t i o n s  w e r e  m a d e ;  t h e  f i r s t  b y  

m e a n s  o f  h a n d  p r e s s u r e  o n  t h e  f i s h  b o d y  a n d  g r a d i n g  i n t o  t h r e e  t y p e s :  f u l l  rigor, 
p a r t i a l  rigor a n d  f l e x i b l e .  T h e  s e c o n d  w a s  b y  m e a n s  o f  a n  i m p r o v e d  v e r s i o n  o f  

t h e  p e n e t r o m e t e r  d e v i c e  u s e d  b y  M e s s t o r f f  ( 1 9 5 4 ) .

T h e  p e n e t r o m e t e r  i s  b a s i c a l l y  a  5  m m  d i a m e t e r  s t e e l  b a r  w i t h  a  h e m i s p h e r i c a l  

h e a d ,  w h i c h  c a n  t r a v e l  u p  t o  2 0  m m ,  w o r k i n g  a g a i n s t  a  s p r i n g  w ' i t h  a  r e s t i t u t i o n  

c o n s t a n t  o f  4 . 4 5  g / m m .  T h e  d e v i c e  w a s  p r e s s e d  p e r p e n d i c u l a r  t o  t h e  f i s h  s k i n  

u n t i l  a  r e f e r e n c e  p l a t e  c o r r e s p o n d i n g  t o  t h e  l e v e l  o f  2 0  m m  d i s p l a c e m e n t  o f  t h e  

b a r  r e s t e d  o n  t h e  s k i n  s u r f a c e  a n d  t h e n  t h e  t r a v e l  o f  t h e  b a r  w a s  r e c o r d e d .  T h e  

g r a d u a t i o n s  c a n  b e  a p p r e c i a t e d  d o w n  t o  0 .1  m m .  T h e  v a l u e s  o f  t h e  t r a v e l  i n  m m  

a r e  u s e d  h e r e  t o  d e f i n e  t h e  rigor mortis c o n d i t i o n .  T h e  r e s i s t e n c e  o f  t h e  m u s c l e  

t o  t h e  d i s p l a c e m e n t  c a n  b e  c a l c u l a t e d  f r o m  t h e  f o l l o w i n g  e q u a t i o n :

R e s i s t e n c e  =  2 7 . 2 1 2  g  +  4 . 4 5  ( g / m m )  x  t r a v e l  ( m m )

A l l  t h e  e x p e r i m e n t s  w e r e  p e r f o r m e d  o n  b a t c h e s  o f  h a k e ,  p l a c e d  i n  i c e  

i m m e d i a t e l y  a f t e r  o p e n i n g  t h e  n e t .  E a c h  e x p e r i m e n t a l  p o i n t  w a s  o b t a i n e d  a s  t h e  

a v e r a g e  v a l u e  f o r  s i x t e e n  h a k e .  T h e  T o r r y m e t e r  a v e r a g e  v a l u e  ( T M )  w a s  

d e t e r m i n e d  o v e r  s i x t e e n  f i s h ,  a l t h o u g h  t h e  i n d i v i d u a l  v a l u e s  w e r e  a l s o  r e c o r d e d .  

S t a t i s t i c a l  e v a l u a t i o n s  h a v e  b e e n  u s e d  w h e r e v e r  a p p r o p r i a t e  a n d  p o s s i b l e .

A l t h o u g h  d i f f e r e n t  a s s e s s m e n t  s c a l e s  a n d  c h e m i c a l  m e t h o d s  a p p e a r  s u i t a b l e  

f o r  t h e  s t u d y ,  t h o s e  s e l e c t e d  a r e  a m o n g  t h e  m o s t  c o m m o n l y  u s e d  f o r  P a t a g o n i a n  

h a k e  e v a l u a t i o n  i n  c o m m e r c i a l  p r a c t i c e  a n d  t h e y  a l s o  c o n f o r m  t o  t h e  A r g e n 

t i n e ’s f o o d  l a w  r e g u l a t i o n s .

Results

Seasonal variations

T h e  s e a s o n a l  v a r i a t i o n s  o f  P a t a g o n i a n  h a k e  g r e a t l y  a f f e c t  t h e  k e e p i n g  t i m e  in  

i c e .  I n  F i g .  1 w e  c a n  s e e  t h e  u n g u t t e d  h a k e  R O A  v a r i a t i o n s  v s  d a y s  i n  i c e  f o r  t h e  

s o - c a l l e d  w i n t e r - t i m e ,  A p r i l  t o  N o v e m b e r ,  a n d  s u m m e r - t i m e ,  D e c e m b e r  t o  
M a r c h .

T h e  c l a s s i c a l  s - s h a p e d  c u r v e s  o b t a i n e d  w e r e  a p p r o x i m a t e d  b y  a  s t r a i g h t  l i n e  

in  t h e  i n t e r m e d i a t e  z o n e  f o r  s t a t i s t i c a l  p u r p o s e s .  T h e  c o n f i d e n c e  l i m i t s  s h o w n  

a r e  f o r  a  9 5 %  p r o b a b i l i t y .
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0 5 IO 15

Days in ice

Figure 1. Raw organoleptic assessment of ungutted hake stored in ice. • ,  Winter
time; O, summer-time.

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

s t r o n g  s e a s o n a l  i n f l u e n c e .  T h i s  r e s u l t  c o r r o b o r a t e s  t h e  p r a c t i c a l  k n o w l e d g e  o f  

f i s h e r m e n  a n d  p r o c e s s o r s  i n  t h a t  t h e  s u m m e r - c a u g h t  h a k e  h a s  a  s h o r t e r  k e e p i n g  

t i m e  i n  i c e  t h a n  t h a t  c a u g h t  i n  t h e  o t h e r  s e a s o n s .  T h e  a c c e p t a b i l i t y  b o r d e r l i n e  

w a s  e s t a b l i s h e d  a t  a  s c o r e  o f  3  t o  3 . 5 .

A  s i m i l a r  d i f f e r e n c e  c a n  b e  a p p r e c i a t e d  f r o m  t h e  c o o k e d  o r g a n o l e p t i c  

a s s e s s m e n t  ( C O A )  v a l u e s  f o r  e x p e r i m e n t s  n o s .  9  a n d  1 2 .

I n  F i g .  2  t h e  T V B - v a l u e  v a r i a t i o n s  f o r  u n g u t t e d  h a k e  s t o r e d  i n  i c e  f o r  t h e  s a m e  

p e r i o d s  c a n  b e  s e e n .  T h e  d a t a  w e r e  p l o t t e d  o n  a  s e m i l o g  a x i s ;  i n  t h i s  w a y  t h e  f i r s t  

a n d  t h e  s e c o n d  s t a g e s  i n  t h e  v a r i a t i o n  c a n  b e  a p p r o x i m a t e d  b y  s t r a i g h t  l i n e s .

A g a i n  a  s h a r p  d i f f e r e n c e  b e t w e e n  t h e  s u m m e r  a n d  w i n t e r  h a k e  w a s  f o u n d .

F o r  t h e  f i r s t  s t a g e  i n  t h e  T V B  v a r i a t i o n  t h e  p l a t e a u  h y p o t h e s i s  w a s  v e r i f i e d  

w i t h  t h e  z e r o  s l o p e  t e s t  a c c o r d i n g  t o  H i m m e l b l a u  ( 1 9 7 0 ) .  A s  i s  k n o w n ,  n o  

v a r i a t i o n  i n  t h e  i c e  s t o r a g e  c a n  b e  r e c o r d e d  b y  m e a n s  o f  t h e  T V B  v a l u e  i n  t h i s  

f i r s t  s t a g e .

Figure 2. Total volatile bases values of ungutted hake stored in ice. • .  Winter-time; 
O, summer-time.
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Figure 3. pH values of ungutted hake stored in ice. • ,  Winter-time; O, summer-time.

T h e  s e c o n d  s t a g e  s h o w s  a  r a p i d  i n c r e a s e  i n  t h e  T V B  v a l u e ,  b u t  t h e  b r e a k  

p o i n t  a p p e a r s  l a t e r  i n  w i n t e r  ( 8 t h  d a y )  t h a n  i n  s u m m e r  ( 4 t h  -  5 t h  d a y ) .

T h e  s e c o n d  s t a g e  s l o p e s  h a v e  a p p r o x i m a t e l y  t h e  s a m e  v a l u e .  T h i s  m e a n s  t h a t  

t h e r e  i s  a n  e q u a l  r a t e  o f  d e t e r i o r a t i o n  i n  t h i s  s t a g e ,  f r o m  t h e  T V B  p o i n t  o f  v i e w ,  

i n  e a c h  s e a s o n .  H o w e v e r  t h e  v a l u e s  i n  t h e  s e c o n d  s t a g e  t e n d  t o  b e  m o r e  

s c a t t e r e d  i n  s u m m e r - t i m e .

A c c o r d i n g  t o  t h e  A r g e n t i n e  f o o d  r e g u l a t i o n s ,  a n d  a s  i t  i s  u s u a l l y  a c c e p t e d ,  

f i s h  w i t h  T V B  v a l u e s  a b o v e  3 0  m g  N / 1 0 0  g  s a m p l e  i s  u n s u i t a b l e  a s  f o o d .  T h i s  

m e a n s  t h a t ,  o n  a v e r a g e ,  t h e  u n g u t t e d  h a k e  c a n  b e  s t o r e d  i n  i c e  f o r  u p  t o  1 0  d a y s  

i n  s u m m e r  a n d  u p  t o  1 4  d a y s  i n  w i n t e r .

F i n a l l y  t h e  v a r i a t i o n  i n  t h e  p H  v a l u e s  o f  t h e  f l e s h  i s  s h o w n  i n  F i g .  3 .  T h e  p H  is  

n o t  u s u a l l y  a c c e p t e d  a s  a  g o o d  p a r a m e t e r  f o r  f i s h  q u a l i t y  a s s e s s m e n t ,  d u e  

m a i n l y  t o  t h e  s c a t t e r i n g  o f  r e s u l t s ,  a l t h o u g h ,  a s  w a s  s h o w n  b y  L o v e  &  H a q

( 1 9 7 0 )  i t  i s  i m p o r t a n t  i n  r e l a t i o n  t o  t e x t u r e  c h a n g e s .  A t  t h e  s a m e  t i m e ,  a c c o r d 

i n g  t o  t h e  r e g u l a t i o n s  o f  t h e  A r g e n t i n e  a n d  o f  o t h e r  c o u n t r i e s ,  t h e  p H  v a l u e  

m u s t  n o t  b e  a b o v e  7 . 5  f o r  f i s h  o t h e r  t h a n  E l a s m o b r a n c h i i .

Figure 4. Total volatile bases values of: ▲, gutted winter hake stored in ice; ■, 
ungutted winter hake stored in CSW. Superimposed, with full lines, are the 
average values of TVB of ungutted winter hake stored in ice.
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T h e  p H  v a r i a t i o n s  w e r e  a l s o  a p p r o x i m a t e d  b y  s t r a i g h t  l i n e s  f o r  c o m p a r i s o n  

p u r p o s e s .  I n  w i n t e r - t i m e  a s  i n  s u m m e r - t i m e ,  t w o  s t a g e s  c a n  b e  o b s e r v e d .  A f t e r  

t h e  p H  c h a n g e  i n  t h e  f i s h ,  q u a l i t y  c a n  b e  a s s e s s e d  b y  m e a s u r i n g  t h e  p H  v a l u e ;  i n  

t h e  s e c o n d  s t a g e ,  a n  i n c r e a s e  i n  t h e  p H  o c c u r s  a s  a  r e s u l t  o f  d e t e r i o r a t i v e  

c h a n g e s  i n  t h e  f i s h .

T h e  s t e a d y  p H  v a l u e  r e a c h e d  a f t e r  rigor mortis d e v e l o p m e n t ,  u s u a l l y  c a l l e d  

t h e  u l t i m a t e  p H  v a l u e ,  a p p e a r s  t o  b e  a  l i t t e  l o w e r  i n  s u m m e r  t h a n  i n  w i n t e r .  T h i s  

is  i n  a c c o r d a n c e  w i t h  t h e  r e s u l t s  o f  L o v e  ( 1 9 7 6 )  f o r  c o d .  T h e  s t e a d y  b e h a v i o u r  

o f  t h i s  u l t i m a t e  p H  v a l u e  t i l l  t h e  b r e a k i n g  p o i n t  i s  r e a c h e d  w a s  s t a t i s t i c a l l y  

v e r i f i e d  a c c o r d i n g  t o  t h e  z e r o  s l o p e  t e s t .

W i t h  r e f e r e n c e  t o  p H ,  t h e  h a k e  c a u g h t  i n  w i n t e r  h a s  a  l o n g e r  k e e p i n g  t i m e  i n  

i c e  t h a n  t h o s e  c a u g h t  i n  s u m m e r .  T h e  7 . 5  p H  b o r d e r l i n e  a p p e a r s  r o u g h l y  

e q u i v a l e n t  t o  t h e  b o r d e r l i n e  d e t e r m i n e d  f o r  t h e  R O A  o r  T V B  v a l u e s .

Handling procedures

E x p e r i m e n t  n o .  8  w a s  c a r r i e d  o u t  w i t h  u n g u t t e d  h a k e  k e p t  i n  c h i l l e d  s e a  

w a t e r .  T h e  T V B  v a l u e s  a r e  s h o w n  i n  F i g .  4  t o g e t h e r  w i t h  t h e  m e a n  v a l u e s  f o u n d  

f o r  h a k e  k e p t  i n  i c e .

A s  f a r  a s  T V B  v a l u e s  a r e  c o n c e r n e d ,  t h e  k e e p i n g  t i m e  i n  C S W  i s  s e e n  t o  b e  

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

r e p o r t e d  b y  H u s s  &  A s e n j o  ( 1 9 7 6 ) .

T h e  v a l u e s  o f  t h e  R O A  a r e  j u d g e d  w o r t h l e s s  i n  c o m p a r i n g  t h e s e  s t o r a g e  

m e t h o d s  b e c a u s e  f i s h  k e p t  i n  C S W  s u f f e r s  a d v e r s e  e f f e c t s  a s  t h e  s e a  w a t e r  

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

f i s h ,  a n d  s o  q u i c k l y  a f f e c t i n g  t h e  R O A  s c o r e s ,  e v e n  i f  n o  r e a l  d e t e r i o r a t i o n  h a s  

t a k e n  p l a c e  i n  t h e  f l e s h .

A t  t h e  s a m e  t i m e  t h e  s a l t  i n  t h e  s e a  w a t e r  r e d u c e s  t h e  T o r r y m e t e r  v a l u e .

N e v e r t h e l e s s ,  i m p r o v e m e n t  o f  t h e  C S W  s y s t e m  c o u l d  i n  p r a c t i c e  r e s u l t  i n  a  

r e d u c t i o n  o f  m e c h a n i c a l  d a m a g e  d u e  t o  p o o r  h a n d l i n g  i n  b o x e s .

I n  F i g .  5  t h e  C O  A  v a r i a t i o n  f o r  g u t t e d  a n d  u n g u t t e d  h a k e  s t o r e d  i n  i c e  d u r i n g  

w i n t e r - t i m e  c a n  b e  s e e n .  T h e  d a t a  c o r r e s p o n d s  t o  e x p e r i m e n t  n o .  1 0 ,  g u t t e d ,  

a n d  e x p e r i m e n t  n o .  1 1 ,  h e a d e d  a n d  g u t t e d ,  a n d  w e r e  r e p r e s e n t e d  o v e r  t h e  

s t r a i g h t  l i n e  a p p r o x i m a t i o n  f o r  t h e  u n g u t t e d  h a k e .  T h e  s t a t i s t i c a l  a n a l y s i s  

s h o w s ,  w i t h i n  a  9 5  %  c o n f i d e n c e  l i m i t ,  t h a t  t h e  t e s t e d  s a m p l e s  w e r e  o r g a n o l e p t i 

c a l l y  a l m o s t  e q u a l  i n  s p i t e  o f  t h e  h a n d l i n g  p r o c e d u r e .  T h i s  c h a r a c t e r i s t i c  w a s  

p o i n t e d  o u t  f o r  t h e  C h i l e a n  h a k e  (Merluccius gayi)  a n d  f o r  t h e  P a t a g o n i a n  h a k e  

b y  H u s s  &  A s e n j o  ( 1 9 7 8 ) .

I n  t h e  s a m e  w a y  t h e r e  a r e  n o  a p p r e c i a b l e  d i f f e r e n c e s  i n  t h e  T B V  v a l u e s  a s  is  

s h o w n  i n  F i g .  4 .
I t  i s  n e c c e s a r y  t o  p o i n t  o u t ,  h o w e v e r ,  t h a t  t h e  h e a d e d  a n d  g u t t e d  h a k e  f i l l e t s  

a p p e a r e d  m o r e  d i s c o l o u r e d  i n  t h e  c u t t i n g  z o n e  t h a n  t h e  g u t t e d  o r  u n g u t t e d  

f i l l e t s .
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Figure 5. Cooked organoleptic assessment of: •  . ungutted winter hake stored in ice; 
▲ , gutted winter hake stored in ice and headed and gutted winter hake stored in 
ice.

Rigor mortis

A l t h o u g h  i t  w o u l d  b e  h i g h l y  c o n v e n i e n t  t o  c o m p l e t e l y  p r o c e s s  f i s h  o n  b o a r d ,  

i n  a  p r e-rigor c o n d i t i o n  t h e  s h o r t n e s s  o f  t h i s  c o n d i t i o n  i n  h a k e  ( 2  h r )  t o g e t h e r  

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

m a c h i n e s ,  m a k e  t h i s  t a s k  i m p o s s i b l e  t o  a c h i e v e  i n  p r a c t i c e ,  e x c e p t  i n  t h e  c a s e  o f  

r e l a t i v e l y  s m a l l  c a t c h e s .

A t  t h e  s a m e  t i m e ,  d u e  t o  t h e  p h e n o m e n o n  k n o w n  a s  ' t h a w  rigor , t h e  f a i l u r e  

t o  a d o p t  c o r r e c t  t h a w i n g  p r o c e d u r e s  h a s  o c c a s i o n a l l y  a f f e c t e d  t h e  q u a l i t y  o f  

i n d i v i d u a l l y  q u i c k  f r o z e n  f i l l e t s  a n d ,  t o  a  l e s s e r  d e g r e e ,  t h a t  o f  h e a d e d  a n d  

g u t t e d  h a k e  f r o z e n  i n  a  p r e  rigor s t a t e ,  g i v i n g  r i s e  t o  c o m p l a i n t s  u n r e l a t e d  t o  t h e  

i n i t i a l  g o o d  q u a l i t y  o f  t h e  s t o c k .

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

d u r i n g  t h e  rigor mortis s t a t e  m a k e  i t  d e s i r a b l e  t o  d e l a y  p r o c e s s i n g  u n t i l  t h e  rigor 
c o n d i t i o n  h a s  d i s a p p e a r e d .

O n  t h e  o t h e r  h a n d ,  i n  t h e  c a s e  o f  t r a d i n g  f r e s h  f i s h  o n  l a n d ,  t h e  f i r m n e s s  o f  f i s h  

i n  rigor i s  t a k e n  a s  a  s i g n  o f  g o o d  q u a l i t y .  F o r  p r o c e s s i n g ,  h o w e v e r ,  t h e  s a m e  

c o n s i d e r a t i o n s  m a d e  f o r  o n - b o a r d  p r o c e s s i n g  a p p l y .  S o m e  o f  t h e s e  p r o b l e m s  

h a v e  b e e n  m e n t i o n e d  a l r e a d y  b y  B r a m s n a e s  &  H a n s o n  ( 1 9 6 5 ) .

I n  F i g .  7  t h e  rigor mortis d e v e l o p m e n t  a c c o r d i n g  t o  t h e  p e n e t r o m e t e r  r e a d 

i n g s  c a n  b e  s e e n .  T h e  r e s u l t s  a r e  r o u g h l y  i n  a c c o r d a n c e  w i t h  t h e  f i n d i n g s  i n  F i g  6  

a n d  a f t e r  r e a c h i n g  t h e  m a x i m u m  l e v e l  t h e  v a l u e s  t e n d  a s y m p t o t i c a l l y  t o  the pre 
rigor a v e r a g e  l e v e l .

T h e  p e n e t r o m e t e r  w a s  a l s o  u s e d  d u r i n g  e x p e r i m e n t s  6  t o  1 1  a s  a  m e a n s  o f  

e v a l u a t i n g  t e x t u r a l  c h a n g e s  a f t e r  t h e  rigor mortis r e s o l u t i o n ,  b u t  n o  a p p r e c i a b l e  

v a r i a t i o n  w a s  r e c o r d e d .  A l t h o u g h  n o  c h a n g e  w a s  o b s e r v e d  w i t h  t h e  p e n e t r o m e 

t e r  r e a d i n g ,  a  p r o g r e s s i v e  t e n d e n c y  o f  t h e  f i l l e t s  t o  s p l i t  a p p e a r e d  w i t h  t h e  

i n c r e a s i n g  n u m b e r  o f  d a y s  i n  i c e  a n d  t h i s  t e n d e n c y  s h o w e d  i t s e l f  m o r e  q u i c k l y  

a n d  w a s  m o r e  e v i d e n t  i n  s u m m e r  t h a n  i n  w i n t e r .
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Figure 6. Percentage of ungutted winter hake stored in ice in full rigor at various 
times.

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

c o u r s e  o f  t h e s e  e x p e r i m e n t s ,  n e i t h e r  s o f t e n i n g  n o r  l i q u e f a c t i o n  ( m i l k i n e s s )  o f  

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

o b s e r v e d  i n  t h e  f i l l e t s  t h a t  c o n t a i n e d  t h e m .

S i m i l a r  o b s e r v a t i o n s  w e r e  m a d e  b y  C h i o d i  ( 1 9 6 6 )  a f t e r  c a r r y i n g  o u t  e x p e r i 

m e n t s  f o r  2  y e a r s .

F u r t h e r  s t u d y  i s  n e c e s s a r y  t o  e s t a b l i s h  i f  a n y  s o f t e n i n g  m a y  b e  f o u n d  i n  h a k e  

c a u g h t  a t  a  p a r t i c u l a r  t i m e  o f  t h e  y e a r  o r  i n  p a r t i c u l a r  f i s h i n g  a r e a s .

Quality assessment by electronic means

D u r i n g  e x p e r i m e n t s  4  a n d  6  t o  1 2  a n d  d u r i n g  t h e  rigor mortis e x p e r i m e n t s ,  

m e a s u r e m e n t s  w e r e  m a d e  w i t h  t h e  G R  T o r r y m e t e r ,  a l w a y s  a v e r a g i n g  s i x t e e n  

h a k e .

Figure 7. Penetrometer readings of ungutted winter hake stored in ice.
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Figure 8. GR Torrymeter readings vs days in ice of: • .  ungutted winter hake stored 
in ice: O. ungutted summer hake stored in ice.

I n  F i g .  8  w e  c a n  s e e  t h e  T o r r y m e t e r  r e a d i n g  v a r i a t i o n  f o r  u n g u t t e d  h a k e  

s t o r e d  i n  i c e  d u r i n g  w i n t e r  a n d  s u m m e r .

T h e  d a t a  w e r e  a p p r o x i m a t e d  b y  s t r a i g h t  l i n e s  a n d  t h e  c o n f i d e n c e  l i m i t s  f o r  

9 5 %  p r o b a b i l i t y  w e r e  s h o w n .

T h e  m a t h e m a t i c a l  e x p r e s s i o n s  a r e :

S u m m e r  T M  =  1 2 . 5 5  -  0 . 4 6  T i m e  ( d a y s ) ;  r =  0 . 8 5  

W i n t e r  T M  =  1 4 . 9 4  -  0 . 2 9  T i m e  ( d a y s ) ;  r =  0 . 7 6

T h e  a g g r e e m e n t  b e t w e e n  t h e  G R  T o r r y m e t e r  r e a d i n g s  a n d  t h e  R O A  i n  F i g .  9  

a n d  t h e  C O A  i n  F i g .  1 0  c a n  b e  s e e n .  T h e  r e s u l t s  i n  b o t h  c a s e s  w e r e  a p p r o x i 

m a t e d  b y  m e a n s  o f  s t r a i g h t  l i n e s  a n d  a  c o n f i d e n c e  l i m i t  o f  9 5 %  w a s  u s e d .

T h e  m a t h e m a t i c a l  e x p r e s s i o n s  o f  t h e  l e a s t  s q u a r e s  r e g r e s s i o n  s t r a i g h t  l i n e s  

a r e :

T M  =  1 8 . 3 1  -  3 . 3 8  R O A  

T M  =  1 7 . 9 5  -  3 . 1 3  C O A

Raw organoleptic assessment

Figure 9. GR Torrymeter readings vs raw organoleptic assessment o f : • ,  ungutted 
winter hake stored in ice; O. ungutted summer hake stored in ice: O. ungutted 
winter hake stored in ice. in rigor.
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0 1 2  3 4 5
Cooked organoleptic assessment

Figure 10. GR Torrymeter readings vs cooked organoleptic assessment of: • ,  
ungutted winter hake stored in ice; O, ungutted summer hake stored in ice.

a n d  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  w e r e  0 . 8 6  a n d  0 . 7 8  r e s p e c t i v e l y .

T h e  s t r a i g h t  l i n e s  a r e  r o u g h l y  e q u i v a l e n t ,  a g r e e i n g  w i t h  t h e  r e s u l t  o b t a i n e d  b y  

J a s o n  &  L e e s  ( 1 9 7 1 ) ,  f o r c e d  a l t h o u g h  d i f f e r e n t  o r g a n o l e p t i c  a s s e s s m e n t  s c a l e s  

w e r e  u s e d .

T h e  s c a t t e r i n g  o f  r e s u l t s  s e e m s  t o  b e  u n a v o i d a b l e  i n  p r a c t i c e ,  n o t  o n l y  

b e c a u s e  o f  t h e  s e a s o n a l  c h a n g e s  o r  t h e  u s e  o f  s e p a r a t e  s a m p l e s  t o  m a k e  t h e  

c o r r e l a t i o n ,  b u t  a l s o  b e c a u s e  o f  t h e  d i f f e r e n c e s  i n  o r g a n o l e p t i c  j u d g e m e n t s  o f  

t h e  a s s e s s o r s .

Discussion and conclusions

M a n y  o f  t h e  r e s u l t s  o b t a i n e d  a r e  i n  a g r e e m e n t  w i t h  t h e  e x i s t i n g  k n o w l e d g e  o f  

t h e  c h a r a c t e r i s t i c s  o f  o t h e r  s p e c i e s  o f  w h i t e  f i s h .  A s  is  g e n e r a l l y  a c c e p t e d ,  t h e  

o r g a n o l e p t i c  a s s e s s m e n t  a l s o  a p p e a r s  t o  b e  t h e  m o s t  a p p r o p r i a t e  w a y  t o  j u d g e  

P a t a g o n i a n  h a k e  s t o r e d  i n  i c e .  T h e  T V B  a n d  p H  v a l u e s  d o  n o t  s h o w  c h a n g e s  

d u r i n g  t h e  f i r s t  d a y s  o f  i c e  s t o r a g e ,  b u t  t h e  T V B  v a l u e  a p p e a r s  t o  b e  u s e f u l  in  

o r d e r  t o  e s t a b l i s h  t h e  l i m i t  o f  a c c e p t a b i l i t y .

N e v e r t h e l e s s ,  t h e  o r g a n o l e p t i c  a s s e s s m e n t s ,  a s  w e l l  a s  t h e  T V B ,  T o r r y m e t e r  

a n d  p H  v a l u e s ,  c l e a r l y  s h o w  t h e  s e a s o n a l  i n f l u e n c e .

O n  a v e r a g e ,  t h e  P a t a g o n i a n  h a k e  s p o i l s  f a s t e r  i n  s u m m e r  t h a n  i n  w i n t e r .  

F r o m  F i g s  1 , 2  a n d  3  i t  i s  p o s s i b l e  t o  e s t a b l i s h  a  k e e p i n g  t i m e  o f  9  t o  1 0  d a y s  i n  

s u m m e r  a n d  o n e  o f  1 4  t o  1 5  d a y s  i n  w i n t e r .

T h e  o v e r a l l  k e e p i n g  t i m e  o f  u n g u t t e d  h a k e  i n  i c e  d u r i n g  w i n t e r  t i m e  c a n  b e  

c o m p a r e d  w i t h  t h a t  n o r m a l l y  a c c e p t e d  f o r  i c e d  g u t t e d  c o d ,  a v e r a g i n g  1 5  d a y s ,  

a c c o r d i n g  t o  W a t e r m a n  ( 1 9 6 8 )  a n d  M e y e r ,  A n t o n a c o p o u l o s  &  F l e c h t e n -  

m a c h e r  ( 1 9 6 9 ) .
T h e  s l i g h t  e f f e c t  o f  g u t t i n g  o n  t h e  k e e p i n g  t i m e  o f  P a t a g o n i a n  h a k e ,  e v i d e n t  i n  

F i g s  4  a n d  5 ,  w a s  a l s o  p o i n t e d  o u t  b y  H u s s  &  A s e n j o  ( 1 9 7 8 ) .  T h e  r e a s o n  f o r  t h i s  

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

s t u d i e s  o n  P a t a g o n i a n  h a k e  i n  w i n t e r  ( A n g e l e s c u  &  C o u s s e a u ,  1 9 6 9 ) .
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O n  t h e  o t h e r  h a n d  t h e  k e e p i n g  t i m e  i n  i c e  d u r i n g  s u m m e r  i s  m o r e  i n  a c c o r 

d a n c e  w i t h  t h e  f i g u r e  o f  B u r t  ( 1 9 7 4 )  f o r  t h e  C a p e  h a k e ,  t h e  v a l u e s  o f  H u s s  &  

A s e n j o  ( 1 9 7 8 )  f o r  t h e  P a t a g o n i a n  a n d  t h e  C h i l e a n  h a k e s ,  a n d  t h e  v a l u e  g i v e n  b y  

D a s s o w  &  B e a r d s l e y  ( 1 9 7 4 )  f o r  P a c i f i c  h a k e  (Merluccius productus) .

T h e  l a r g e  d i f f e r e n c e  i n  a v e r a g e s  b e t w e e n  t h e  P a t a g o n i a n  h a k e  c a u g h t  i n  

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

f o l l o w i n g  r e a s o n s :

(a) The biological condition. D u r i n g  t h e  s u m m e r  a  l a r g e  p r o p o r t i o n  o f  h a k e  is  

a s s o c i a t e d  w i t h  a n  i m m e d i a t e  p o s t  s p a w n i n g  c o n d i t i o n .  F r o m  a  c h e m i c a l  p o i n t  

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

c o n t e n t  r e a c h e s  i t s  m a x i m u m  ( C h i o d i ,  1 9 6 6 ) .

L o v e  ( 1 9 6 0 )  h a s  s h o w n  t h a t  t h e  m a x i m u m  s e a s o n a l  w a t e r  c o n t e n t  is  a  g o o d  

i n d i c a t o r  a s  t o  w h e n  c o d  (Gadus morhua) i s  i n  i t s  w o r s t  c o n d i t i o n .  W h e n  t h e  

w a t e r  c o n t e n t  i s  a t  i t s  m a x i m u m ,  c o d  d e t e r i o r a t e s  m o r e  q u i c k l y .  I n  t h e  s a m e  

w a y ,  t h e  w o r s t  c o n d i t i o n  o f  P a t a g o n i a n  h a k e  a p p e a r s  t o  b e  i n  t h e  s u m m e r - t i m e .

A d d i t i o n a l l y ,  a s  c a n  b e  s e e n  i n  F i g .  3 ,  a  f i n a l ,  r a t h e r  l o w  p H  v a l u e  a p p e a r s ,  

a n d  t h i s  c o u l d  a l s o  b e  a s s o c i a t e d  w i t h  t e x t u r a l  l o s s e s  i n  f i l l e t s  ( L o v e ,  1 9 7 6 ) .

(b) Water temperature. D u r i n g  w i n t e r  t i m e  h a k e  m o v e s  n o r t h w a r d  a n d  

c o n c e n t r a t e s  i n  t h e  a r e a  b e t w e e n  3 5 °  a n d  4 0 °  S  a t  d e p t h s  o f  1 0 0  t o  5 0 0  m .  I n  

s u m m e r  t i m e  t h e y  c o n c e n t r a t e  i n  s h a l l o w e r  w a t e r s ,  b e t w e e n  5 0  a n d  1 5 0  m ,  in  

t h e  a r e a  s o u t h  o f  4 1 °  S  ( B o e r e m a ,  1 9 7 8 ) .

I n  w i n t e r - t i m e  t h e  t e m p e r a t u r e  o f  t h e  w a t e r  i n  w h i c h  h a k e  i s  c a u g h t  i s  a r o u n d

4 - 7 ° C  ( A n g e l e s c u  &  C o u s s e a u ,  1 9 6 9 ) ,  w h i l e  i n  s u m m e r - t i m e  t h e  t e m p e r a t u r e  

r e a c h e s  1 1 ° C  o r  m o r e  i f  n e a r  t h e  c o a s t  ( A n g e l e s c u  &  G n e r i ,  1 9 6 6 ) .

A  s i m i l a r  a d v e r s e  e f f e c t  o f  w a t e r  t e m p e r a t u r e  o n  t h e  q u a l i t y  o f  N e w f o u n d 

l a n d  c o d  w a s  p o i n t e d  o u t  b y  I d l e r  et al. ( 1 9 6 5 ) ,  t h e  t e m p e r a t u r e  v a l u e s  a n d  

d i f f e r e n c e s  b e i n g  s i m i l a r  t o  t h o s e  o b s e r v e d  f o r  P a t a g o n i a n  h a k e .

(c) The extent o f feeding. I t  i s  p o s s i b l e  t o  e s t a b l i s h  t h a t  t h e r e  i s  a  m a x i m u m  
l e v e l  o f  e m p t y  s t o m a c h s  d u r i n g  w i n t e r  a n d  a  ‘h e a v i l y - f e e d i n g ’ c o n d i t i o n  d u r i n g  

s u m m e r  ( C o u s s e a u ,  1 9 7 7 ) .

T h e  s t o m a c h s  o f  h e a v i l y  f e d  h a k e  t e n d s  t o  b u r s t  e a s i l y ,  n o t  o n l y  i n  t h e  n e t ,  b u t  

a l s o  d u r i n g  t h e  h a n d l i n g  o p e r a t i o n s  f o l l o w i n g  c a t c h .

T h e  f a e c a l  c o n t a m i n a t i o n  p r o d u c e d ,  a l o n g  w i t h  t h e  h i g h l y  a c t i v e  e n z y m e  

s y s t e m s  s p r e a d  o n  t h e  f i s h ,  t e n d  t o  m a k e  i t  d e t e r i o r a t e  m o r e  q u i c k l y .  A s  w a s  

p o i n t e d  o u t  b y  C a s t e l l  ( 1 9 7 1 )  t h i s  e f f e c t  s u p p l e m e n t s  t h e  o t h e r  a d v e r s e  e f f e c t s  

o b s e r v e d  a f t e r  s p a w n i n g .

A l l  t h e s e  e f f e c t s ,  a l o n e  o r  c o m b i n e d ,  a r e  m a i n l y  o f  i m p o r t a n c e  d u r i n g  s u m 

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

c a t c h e s .  R e g a r d i n g  t h i s ,  t h e  s h o r t  k e e p i n g  t i m e  i n  i c e  f o u n d  f o r  P a t a g o n i a n  h a k e  

in  w i n t e r  b y  H u s s  ( 1 9 7 1 )  c o u l d  b e  e x p l a i n e d  o n  t h e  b a s i s  o f  t h e  a d v a n c e d  s e x u a l  

m a t u r i t y  o b s e r v e d  i n  t h e  f i s h  u s e d  i n  t h o s e  e x p e r i m e n t s .

S o m e t i m e s  t h e  p r o c e s s o r s  a n d  b u y e r s  r e l a t e  t h e  s h o r t  k e e p i n g  t i m e  i n  s u m 

m e r  t o  t h e  r i s e  o f  t h e  a m b i e n t  t e m p e r a t u r e .  A l t h o u g h  t h i s  i s  a n  o v e r  s i m p l i f i c a 



t i o n ,  i t  is  n e c e s s a r y  t o  k e e p  i n  m i n d  t h a t  a  d e l a y  i n  i c i n g  w i l l  a d v e r s e l y  a f f e c t  t h e  

q u a l i t y  a s  w a s  o b s e r v e d  f o r  C a p e  h a k e  b y  B u r t  et al. ( 1 9 7 4 ) .  S o m e t i m e s  in  

c o m m e r c i a l  p r a c t i c e ,  t h e  c o m b i n a t i o n  o f  i n a d e q u a t e  h a n d l i n g  a n d  t h e  w o r s t  

e n v i r o n m e n t a l  a n d / o r  p h y s i o l o g i c a l  c o n d i t i o n s  c a n  c a u s e  a  c a t c h  t o  b e c o m e  

c o m p l e t e l y  s p o i l e d  b e f o r e  l a n d i n g .

W i t h  r e f e r e n c e  t o  t h e  c o m p a r a t i v e  e x p e r i m e n t s  o f  i c e  b o x i n g  v s  C S W  a n d  

g u t t e d  v s  u n g u t t e d  h a k e ,  i t  s h o u l d  b e  p o i n t e d  o u t  t h a t  t h e  v a l u e s  a r e  o n l y  

i n d i c a t i v e  o f  t h e  b e h a v i o u r  d u r i n g  w i n t e r .  N e v e r t h e l e s s  t h e  r e s u l t s  o b t a i n e d  a r e  

i n  a c c o r d  w i t h  t h o s e  o f  H u s s  &  A s e n j o  ( 1 9 7 7 )  f o r  C h i l e a n  h a k e .

T h e  b e h a v i o u r  o f  P a t a g o n i a n  h a k e  d u r i n g  rigor mortis a p p e a r s  t o  c o r r e s p o n d  

t o  t h e  e a r l y  f i n d i n g s  o f  M e s s t o r f f  ( 1 9 5 4 )  a n d  C u t t i n g  ( 1 9 3 9 )  f o r  w h i t e  f i s h  i n  t h e  
N o r t h  S e a  a n d  N o r t h  A t l a n t i c .

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

b e  u s e f u l .  I n  s p i t e  o f  t h e  s c a t t e r e d  d a t a  t h e y  p r o v i d e  a  m e a n s  o f  h e l p i n g  t o  

s p e e d i l y  a s s e s s  q u a l i t y  i n  d u b i o u s  s i t u a t i o n s  s u c h  a s  w h e n  f i s h  i n  p o o r  p h y s i o l o g 

i c a l  c o n d i t i o n  m a c r o s c o p i c a l l y  a p p e a r s  s o u n d .
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A modern dry-salting process for Wiltshire bacon

A .  A .  T A Y L O R .  B .  G .  S H A W  a n d  P .  D .  J O L L E Y

Summary

B a c o n  m a d e  b y  a  5 - d a y  p r o c e s s  u s i n g  b r i n e  i n j e c t i o n  f o l l o w e d  b y  d r y - s a l t i n g  h a s  

b e e n  c o m p a r e d  w i t h  t h a t  m a d e  b y  a  l o n g e r  c o n v e n t i o n a l  W i l t s h i r e  p r o c e s s .  T h e  

e a t i n g  q u a l i t y  a n d  a p p e a r a n c e  o f  t h e  t w o  b a c o n s  w e r e  s i m i l a r .  T h e  s l i g h t l y  

p o o r e r  s t o r a g e  s t a b i l i t y  o f  d r y - s a l t e d  b a c k  i n  v a c u u m  p a c k s  w a s  a t t r i b u t e d  t o  a  

l o w  s a l t  c o n c e n t r a t i o n  w h i c h  c o u l d  b e  c o r r e c t e d  b y  i n c r e a s e d  b r i n e  i n j e c t i o n  in  

t h i s  r e g i o n .  D r y - s a l t i n g  s l i g h t l y  i m p r o v e d  t h e  s t o r a g e  s t a b i l i t y  o f  c o l l a r  i n  

v a c u u m  p a c k s  b e c a u s e  i n i t i a l  b a c t e r i a l  c o u n t s  w e r e  l o w e r  t h a n  i n  t h e  

i m m e r s i o n - c u r e d .  C o m p a r i s o n  o f  d r y - s a l t e d  b a c o n s  m a d e  w i t h  a n d  w i t h o u t  

n i t r a t e  i n  t h e  i n j e c t i o n  b r i n e  s h o w e d  t h a t  n i t r a t e  d i d  n o t  a f f e c t  n i t r i t e  l e v e l  

d u r i n g  v a c u u m - p a c k e d  s t o r a g e .

Introduction

P r o c e s s i n g  m e a t  b y  r u b b i n g  s a l t  i n t o  i t s  s u r f a c e  i s  t h e  o l d e s t  k n o w n  f o r m  o f  

c u r i n g  a n d ,  u n t i l  t h e  1 9 3 0 s ,  w a s  t h e  r e c o g n i z e d  w a y  o f  m a k i n g  W i l t s h i r e  b a c o n  

i n  t h e  U . K .  P i g  s i d e s  w e r e  c o v e r e d  c o m p l e t e l y  w i t h  a  m i x t u r e  o f  d r y  s a l t  a n d  

s a l t p e t r e  ( p o t a s s i u m  n i t r a t e )  a n d  c u r e d  s l o w l y  a s  b a c t e r i a  r e d u c e d  t h e  n i t r a t e  t o  

n i t r i t e .  T h i s  d r y  p r o c e s s  w a s  e v e n t u a l l y  r e p l a c e d  b y  a n  i m m e r s i o n  p r o c e s s  i n  

w h i c h  p i g  s i d e s  w e r e  i n j e c t e d  b y  h a n d  w i t h  a n  a q u e o u s  s o l u t i o n  o f  s a l t  a n d  

n i t r a t e  a n d  s u b m e r g e d  i n  l a r g e  t a n k s  o f  s i m i l a r  b r i n e  ( a l s o  c o n t a i n i n g  n i t r i t e  

f o r m e d  f r o m  n i t r a t e ) ,  f o r  4  t o  5  d a y s  b e f o r e  b e i n g  d r a i n e d  a n d  m a t u r e d  f o r  1 t o  

2  w e e k s .  N i t r i t e  i s  n o w  a d d e d  d i r e c t l y  t o  c u r i n g  b r i n e s  a n d  h a n d  i n j e c t i o n  h a s  

b e e n  r e p l a c e d  a l m o s t  e n t i r e l y  b y  m u l t i n e e d l e  i n j e c t i o n  w i t h  m a c h i n e s  c a p a b l e  

o f  d i s t r i b u t i n g  b r i n e s  m o r e  e f f i c i e n t l y  t h r o u g h o u t  b a c o n  s i d e s .  C o n s e q u e n t l y ,  

c u r i n g  t i m e s  h a v e  b e e n  r e d u c e d  t o  7 - 1 0  d a y s .
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I n  r e c e n t  y e a r s  t h e  d e s i r e  f o r  e v e n  s h o r t e r  c u r i n g  t i m e s  a n d  g r e a t e r  c o n t r o l  

o v e r  l e v e l s  o f  c u r i n g  s a l t s  i n  b a c o n  h a s  r e n e w e d  i n t e r e s t  i n  d r y - s a l t i n g  a s  a  

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

( i f  a d d e d )  a n d  m o s t  o f  t h e  s a l t  c o u l d  b e  i n j e c t e d  d i r e c t l y  i n t o  t h e  s i d e s  a n d  t h e  

r e s t  o f  t h e  s a l t  c o u l d  b e  a p p l i e d  t o  t h e  o u t s i d e  s u r f a c e s .  C o n t i n u o u s  m a c h i n e s  

w h i c h  a u t o m a t i c a l l y  c o a t  s i d e s  w i t h  t h e  r e q u i r e d  a m o u n t  o f  s a l t  a r e  a l r e a d y  

b e i n g  u s e d  i n  t h e  U . K .  a n d  D e n m a r k  i n  c o n j u n c t i o n  w i t h  s h o r t e r  i m m e r s i o n  

t i m e s .  I f  d r y - s a l t i n g  w a s  u s e d  t o  e l i m i n a t e  t h e  i m m e r s i o n  s t a g e ,  W i l t s h i r e  b a c o n  

m a n u f a c t u r e  c o u l d  b e c o m e  a  l i n e  p r o c e s s  f r o m  w h i c h  s i d e s  w o u l d  g o  s t r a i g h t  

i n t o  m a t u r a t i o n .

W e  h a v e  u s e d  a  d r y - s a l t i n g  p r o c e s s  t o  m a k e  b a c o n  a n d  c o m p a r e d  i t s  q u a l i t y  

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

p r o c e s s .  S i n c e  p r e v i o u s  s t u d i e s  ( T a y l o r  &  S h a w ,  1 9 7 5 )  s h o w e d  t h a t  b a c o n  c o u l d  

b e  i m m e r s i o n - c u r e d  w i t h  b r i n e s  w h i c h  c o n t a i n e d  n o  a d d e d  n i t r a t e ,  w e  a l s o  

e x a m i n e d  t h e  e f f e c t  o f  s i m i l a r  o m i s s i o n  o f  n i t r a t e  f r o m  t h e  i n j e c t i o n  b r i n e  u s e d  

i n  a  d r y  s a l t i n g  p r o c e s s .

Experimental

T w o  e x p e r i m e n t s  w e r e  c a r r i e d  o u t :  i n  c o m p a r i s o n  A ,  d r y  s a l t e d  b a c o n  w a s  

c o m p a r e d  w i t h  b a c o n  m a d e  b y  t r a d i t i o n a l  W i l t s h i r e  i m m e r s i o n  c u r i n g ;  i n  

c o m p a r i s o n  B .  d r y  s a l t e d  b a c o n s  m a d e  w i t h  a n d  w i t h o u t  n i t r a t e  w e r e  c o m p a r e d .

Bacon manufacture

I n  e a c h  e x p e r i m e n t  b a c o n  w a s  m a d e  f o r m  s e v e n  G r a d e  ' A '  p i g s  t a k e n  f r o m  a  

n o r m a l  f a c t o r y  p r o d u c t i o n  l i n e .  T h e  c o m p o s i t i o n s  o f  t h e  c u r i n g  b r i n e s  a r e  

s h o w n  in  T a b l e  1. I n  c o m p a r i s o n  A ,  b o t h  m e t h o d s  o f  c u r i n g  w e r e  d e s i g n e d  t o  

p r o d u c e  b a c o n  s i d e s  w i t h  b a c k  l e a n  c o n t a i n i n g  4 - 5 %  s a l t ,  6 0 - 1 0 0  p p m  n i t r i t e  

a n d  2 0 0 - 3 0 0  p p m  n i t r a t e .  I n  c o m p a r i s o n  B ,  t h e  d r y - s a l t i n g  w a s  d e s i g n e d  t c  g i v e  

s i m i l a r  c o n c e n t r a t i o n s  o f  s a l t  a n d  n i t r i t e  a n d ,  w h e r e  i n c l u d e d ,  n e a r  m a x 

i m u m  p e r m i t t e d  l e v e l  o f  n i t r a t e  i n  t h e  b a c o n .  I n  e a c h  c o m p a r i s o n  t h e  l e f t  s i d e  o f  

a  p i g  r e c e i v e d  o n e  t r e a t m e n t  a n d  t h e  r i g h t  t h e  o t h e r .

A l l  s i d e s  w e r e  i n j e c t e d  b y  m u l t i n e e d l e  m a c h i n e  ( S w i s s v a c  C U R - O - M A T )  t o  

a  w e i g h t  g a i n  o f  a p p r o x .  1 0 %  o n  t r i m m e d  w e i g h t .  I m m e r s i o n - c u r e d  s i d e s  w e r e  

t h e n  i m m e r s e d  f o r  3  d a y s  i n  f r e s h l y  p r e p a r e d  b r i n e s  a n d  m a t u r e d  a t  5 ° C  f o r  a  

f u r t h e r  7  d a y s  b e f o r e  s a m p l i n g .  S i d e s  f o r  d r y - s a l t i n g  w e r e  t a k e n  i m m e d i a t e l y  

a f t e r  i n j e c t i o n  a n d  a p p r o x .  0 . 8  k g  d r y  s a l t  r u b b e d  o v e r  t h e i r  s u r f a c e s  b y  h a n d .  

T h e y  w e r e  t h e n  h u n g  b y  t h e  A c h i l l e s  t e n d o n  i n  a  c u r i n g  c e l l a r  a t  5 ° C  a n d  8 5 %  

r . h .  f o r  5  d a y s  b e f o r e  s a m p l i n g .
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Table 1. Composition of curing brines

Injection brine Immersion brine

Comparison Treatment
Salt 
( %w/v)

NaNOi
(ppm)

NaNCh
(ppm)

Salt
(%w/v)

NaNCh
(ppm)

NaNCB
(ppm)

A Dry salted with 
nitrate

16 1500 1600 — — —

Immersion cured 
with nitrate

16 700 900 26 1000 1600

B Dry salted with 
nitrate

16 1500 4000 — — —

Dry salted without 
nitrate

16 1500 — — — —

Slicing, packing and storage

P o r t i o n s  o f  c o l l a r  b a c o n  w e r e  r e m o v e d ,  s l i c e d ,  p a c k e d  a n d  s a m p l e d  a s  

d e s c r i b e d  b y  T a y l o r ,  S h a w  &  J o l l e y  ( 1 9 7 6 ) .  T h e  p a c k s  w e r e  s t o r e d  f o r  u p  t o  2 0  

d a y s  a t  5 ° C  a n d  1 5  d a y s  a t  1 5 ° C .  P o r t i o n s  o f  m i d - b a c k  f r o m  e a c h  s i d e  w e r e  

s l i c e d  t o  g i v e  t h r e e  p a c k s  o f  f o u r  s l i c e s  p e r  s i d e .  T h e s e  p r o v i d e d  s a m p l e s  

i n i t i a l l y ,  a f t e r  3 5  d a y s  a t  5 ° C  a n d  a f t e r  1 9  d a y s  a t  1 5 ° C .

Microbiological examination

I n  c o m p a r i s o n  A ,  a l l  s i d e s  w e r e  e x a m i n e d  a t  t h e  e n d  o f  t h e  c u r i n g  p r o c e s s .  

F i v e  1 0  c m 2 a r e a s  w e r e  s w a b b e d  ( w e t  a n d  d r y ) ,  t h r e e  f r o m  t h e  r i n d  a n d  t w o  

f r o m  t h e  i n s i d e  s u r f a c e  ( p l e u r a )  a n d  s w a b s  w e r e  b u l k e d  i n  1 0  m l  0 . 1  %  p e p t o n e  

+  4 %  N a C l  d i l u e n t  t o  g i v e  a  5 0  c m 2 c o m p o s i t e  s a m p l e  f o r  e a c h  s i d e .  D u p l i c a t e  

d r o p s  ( 0 . 0 1 7  m l )  o f  s u i t a b l e  d e c i m a l  d i l u t i o n s  w e r e  t r a n s f e r r e d  t o  t h e  s u r f a c e  o f  

p l a t e s  o f  P l a t e  C o u n t  A g a r  ( P C A ,  O x o i d )  +  4 %  N a C l  b y  m e a n s  o f  c a l i b r a t e d  

d r o p p i n g  p i p e t t e s  ( A s t e l l  C a t .  N o .  8 5 1  a n d  8 5 2 ) .  T h e  d r o p s  w e r e  s p r e a d  o v e r  a  

q u a r t e r  o f  t h e  p l a t e  a r e a  a n d  t h e  t o t a l  v i a b l e  c o u n t  o b t a i n e d  a f t e r  i n c u b a t i o n  f o r  

5  d a y s  a t  2 5 ° C .
T h e  l e a n  o f  v a c u u m - p a c k e d  s a m p l e s  o f  c o l l a r  b a c o n  a n d  t h e  e y e  m u s c l e  o f  

b a c k  b a c o n  w e r e  e x a m i n e d  u s i n g  t h e  m e t h o d s  d e s c r i b e d  b y  T a y l o r  et al. ( 1 9 7 6 ) .

Odour

W h e n  v a c u u m  p a c k s  w e r e  o p e n e d  t h e  o d o u r  o f  t h e  b a c o n  w a s  a s s e s s e d  b y  a  

p a n e l  o f  f o u r  e x p e r t s  w h o  n o t e d  t h e  p r e s e n c e  o f  o f f - o d o u r s  a n d  j u d g e d  w h e t h e r  

t h e s e  w o u l d  c a u s e  t h e  b a c o n  t o  b e  a c c e p t e d  o r  r e j e c t e d  b y  a  c o n s u m e r .
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Chemical analysis

W i t h i n  1 t o  2  h r  o f  o p e n i n g  t h e  p a c k s ,  c h e m i c a l  a n a l y s i s  c o m m e n c e d  o n  

s a m p l e s  t a k e n  f r o m  t h e  m i n c e d  b u l k  u s e d  f o r  m i c r o b i o l o g i c a l  e x a m i n a t i o n .  O n e  

g r a m  w a s  h o m o g e n i z e d  w i t h  1 0  m l  d i s t i l l e d  w a t e r  a n d  p H  m e a s u r e d  o n  a  

R a d i o m e t e r  P H M 6 3  D i g i t a l  p H  M e t e r .  M o i s t u r e  c o n t e n t  w a s  d e t e r m i n e d  a n d  

s a m p l e s  w e r e  e x t r a c t e d ,  d e p r o t e i n i z e d ,  a n d  a n a l y s e d  f o r  n i t r a t e ,  n i t r i t e  a n d  

c h l o r i d e  a s  d e s c r i b e d  p r e v i o u s l y  ( T a y l o r  et al. 1 9 7 6 ) .

Organoleptic assessment

I n  c o m p a r i s o n  A ,  p o r t i o n s  o f  b a c k  b a c o n  w e r e  t a k e n  f r o m  t w o  p a i r s  o f  f r e s h l y  

c u r e d  s i d e s  a n d  s l i c e d  t o  g i v e  f o r t y  s l i c e s  f r o m  e a c h .  T w e n t y  s l i c e s  f r o m  e a c h  s i d e  
w e r e  s u b m i t t e d  t o  a  t e n - m e m b e r  t a s t e  p a n e l  a n d  t h e  r e m a i n i n g  t w e n t y  w e r e  

v a c u u m  p a c k e d  a n d  h e l d  a t  — 2 0 ° C  f o r  d u p l i c a t e  a s s e s s m e n t  1 - 2  w e e k s  l a t e r .  I n  

c o m p a r i s o n  B ,  s i m i l a r  a s s e s s m e n t s  w e r e  m a d e  o n  t h r e e  p a i r s  o f  s i d e s .  S i n c e  

i m m e r s i o n  c u r i n g  a n d  d r y - s a l t i n g  r e q u i r e d  d i f f e r e n t  c u r i n g  t i m e s ,  s i d e s  f r o m  

d i f f e r e n t  c u r e s  w e r e  a s s e s s e d  s e p a r a t e l y .

I n  b o t h  c o m p a r i s o n s  t h e  r a w  s l i c e s  w e r e  a s s e s s e d  f o r  c o l o u r  o f  f a t  a n d  l e a n ,  

a n d  a s s e s s e d  f o r  f l a v o u r  o f  c o o k e d  f a t  a n d  l e a n  a s  d e s c r i b e d  p r e v i o u s l y  ( T a y l o r  

&  S h a w ,  1 9 7 5 ) .  T h e  p a n e l  a l s o  a s s e s s e d  s a l t i n e s s  o n  a  9 - p o i n t  s c a l e :  ‘e x t r e m e l y  

u n d e r  s a l t y ’ ( - 4 )  t h r o u g h  ‘ i d e a l ’ ( 0 )  t o  ‘e x t r e m e l y  o v e r  s a l t y ’ ( + 4 ) .

Results

Chemical analysis

T a b l e  2  s h o w s  p H  v a l u e s  a n d  c o n c e n t r a t i o n s  o f  n i t r i t e ,  n i t r a t e  a n d  s a l t  i n  

c o l l a r  a n d  b a c k  b a c o n  a t  t h e  b e g i n n i n g  o f  s t o r a g e .  C h a n g e s  i n  t h e  c o n c e n t r a t i o n  

o f  n i t r i t e  i n  c o l l a r  b a c o n  d u r i n g  s t o r a g e  a t  5  a n d  1 5 ° C  a r e  s h o w n  i n  F i g .  1 ( a )  f o r  
c o m p a r i s o n  A ,  a n d  i n  F i g .  1 ( b )  f o r  c o m p a r i s o n  B .

I n  c o m p a r i s o n  A ,  c o n c e n t r a t i o n  o f  n i t r i t e  f e l l  f a s t e r  i n  d r y - s a l t e d  c o l l a r  b a c o n  

d u r i n g  s t o r a g e  t h a n  i n  i m m e r s i o n - c u r e d .  A l t h o u g h  n i t r i t e  w a s  i n i t i a l l y  h i g h e r  i n  

t h e  d r y - s a l t e d  c o l l a r  b a c o n ,  a t  t h e  e n d  o f  s t o r a g e  a t  b o t h  t e m p e r a t u r e s  i t  w a s  

l o w e r  t h a n  i n  i m m e r s i o n - c u r e d .  T h e  d i f f e r e n c e  w a s  m o r e  m a r k e d  w i t h  b a c k  

b a c o n :  a f t e r  1 9  d a y s  a t  1 5 ° C  n i t r i t e  i n  d r y - s a l t e d  h a d  d r o p p e d  f r o m  7 4  p p m  t o  

1 0  p p m ,  b u t  o n l y  f r o m  1 0 6  p p m  t o  1 0 1  i n  i m m e r s i o n - c u r e d ;  a f t e r  3 5  d a y s  a t  5 ° C  

n i t r i t e  c o n c e n t r a t i o n s  w e r e  2 9  p p m  i n  d r y - s a l t e d  a n d  1 2 9  p p m  i n  i m m e r s i o n -  

c u r e d .  N i t r a t e  w a s  d e p l e t e d  m o r e  r a p i d l y  i n  i m m e r s i o n - c u r e d  b a c o n  t h a n  i n  

d r y - s a l t e d .  A f t e r  9  d a y s  s t o r a g e  a t  5 ° C ,  5 4 %  o f  t h e  i n i t i a l  n i t r a t e  h a d  d i s a p 

p e a r e d  f r o m  i m m e r s i o n - c u r e d  c o l l a r  a g a i n s t  o n l y  1 9 %  f r o m  d r y - s a l t e d ;  a t  

1 5 ° C ,  t h e  c o r r e s p o n d i n g  f i g u r e s  w e r e  6 4 %  a g a i n s t  3 5 % .

I n  c o m p a r i s o n  B ,  w h e r e  d r y - s a l t e d  b a c o n s  w e r e  c o m p a r e d ,  t h e  i n c l u s i o n  o f  

n i t r a t e  i n  t h e  i n j e c t i o n  b r i n e  h a d  n o  a p p a r e n t  e f f e c t  o n  t h e  p a t t e r n  o f  n i t r i t e



D r y  s a l t in g  W il ts h ir e  b a c o n 3 0 5

Table 2. Analysis of bacon at beginning of storage

Comparison Treatment Bacon pH

NaNCh

(ppm)

NaNCh

(ppm)

NaCl

(%w/v)

NaCl 
(% on 

water)

A Dry salted with Collar 6.32 125 184 4.9 7.9
nitrate Back (lean) 5.90 74 155 3.4 4.7

Immersion cured Collar 6.40 99 248 4.8 7.0
with nitrate Back (lean) 5.90 106 327 5.1 7.0

B Dry salted Collar 6.15 165 526 5.0 7.2
nitrate Back (lean) 5.70 89 374 3.6 4.7

Dry salted Collar 6.10 123 32 4.6 6.5
without nitrate Back (lean) 5.75 92 27 4.0 5.5

O

Figure 1. Changes during storage at 5 and 15°C in the concentration of nitrite in the
lean of collar bacon. Comparison A: • -------- • ,  dry-salted at 5°Cand • ----• ,  15°C;
A----------A,  immersion-cured at 5°C and A — -A, at 15°C. Comparison B:
• -------- • ,  dry-salted with nitrate at 5°C and • ----• ,  at 15°C; ■-------- ■, dry-
salted without nitrate at 5°C and ■ — ■, at 15°C.

21
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Table 3. Bacterial numbers on the lean of bacon during storage at 5° and 15°C

login viable count/g logio count of lactic
acid bacteria/g

Comparison Bacon
Days
stored

5°C 15°C 5°C 15°C

Cure
1

Cure Cure Cure 
2 1 2

Cure Cure Cure Cure 
1 2  1 2

A. Dry salted with Collar 0 4.2 5.3 4.2 5.3 2.4 1.7 2.4 1.7
nitrate (cure 1) 5 — — 5.4 6.7 — — 4.3 5.7
and immersion 9 4.3 6.7 6.5 6.8 2.0 5.2 5.7 5.8
cured with 15 5.3 6.9 7.3 7.0 4.5 5.6 6.5 6.2
nitrate (cure 2) 20 6.5 6.9 — — 5.9 6.6 — —

Back 0 3.3 5.3 3.3 5.3 1.7 2.7 1.7 2.7
19 — — 7.7 5.8 — — 6.7 5.5
35 7.0 6.2 — — 6.4 5.2 — —

B. Dry salted with Collar 0 5.5 6.2 5.5 6.2 2.0 1.7 2.0 1.7
nitrate (cure 1) 5 — — 6.7 6.1 — — 4.7 4.4
and dry salted 9 5.2 6.1 6.6 6.6 1.9 2.6 5.8 5.1
without nitrate 15 5.3 5.5 7.2 6.9 4.1 3.8 6.6 6.0
(cure 2) 20 5.6 5.8 — — 5.2 5.4 — —

Back 0 5.5 5.0 5.5 5.0 1.7 1.7 1.7 1.7
19 — — 7.0 6.7 — — 6.9 6.3
35 6.3 5.1 — — 6.1 5.0 — —

disappearance in either collar or back. Bacon made with nitrate had a higher 
initial concentration of nitrite than that made without nitrate and the difference 
was m aintained throughout storage at both temperatures.

Microbiology

In com parison A  the total viable counts at the end o f the curing process were 
significantly lower (P < 0 .0 1 )  on the dry-salted sides than on the im m ersion- 
cured. Counts on the dry-salted sides were in the range 4 .1 -4 .5  logiono/cm 2) 
with a mean o f 4 .3 , whereas the range was 4 .7 -6 .3  with a mean of 5.4 on the 
im m ersion-cured sides.

Total viable counts and numbers of lactic acid bacteria on the bacon during 
vacuum -packed storage are shown in Table 3. On collar bacon these were 
usually lower with dry-salting. Dry-salted back bacon had lower initial counts 
but considerably higher counts than im m ersion-cured after prolonged storage. 
Curing dry-salted bacon without nitrate did not affect its m icrobiological condi
tion during vacuum -packed storage.
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Table 4. Numbers of packs rejected on basis of odour on opening after storage at 15°C. Seven 
packs from each cure were examined at each observation time.

Comparison Treatment
Collar
5 days 9 days 15 days

Back 
19 days

A Dry salted with nitrate 0 0 0 1
Immersion cured with nitrate 0 1 2 0

B Dry salted with nitrate 0 0 2 0
Dry salted without nitrate 0 0 3 2

Odour

Table 4 shows the number o f packs rejected at each sampling time. N one  
were rejected in any o f the bacon stored at 5°C. A t 15°C, in com parison A  no 
packs o f dry-salted collar bacon were rejected and no off-odours were reported, 
whilst off-odours were generally more noticeable in the com parable 
im m ersion-cured bacon after 9 day’s storage. D ry-sal:ed back bacon at 15°C 
was marginally less stable then immersion cured back.

In com parison B, omitting nitrate from dry-salted bacon marginally 
increased the incidence of off-odours at the end of storage in both collar and 
back.

Organoleptic assessment

The mean taste panel scores for the experim ental back bacons are shown in 
Table 5. Analysis o f variance was perform ed separately on both com parisons.

Table 5. Raw colour, saltiness and cooked flavour acceptability scores in back bacon. Saltiness is 
scored on a 9-point scale ranging from ‘extremely salty’ (+4) through ‘ideal’ (0) to ‘extremely 
under salty’ (—4). All other scoring is on an 8-point scale ranging from ‘like extremely’ ( + 7) to 
‘dislike extremely’ ( — 7). (Means ± standard deviations)

Comparison Raw colour Cooked flavour acceptability

Fat Lean Saltiness Lean Fat

A. Dry salted with 
nitrate

1.8(±2.4) 1,3( ±3.1 ) -0.6(±1.2) 1,2(±2.8) 1.5(±2.9)

Immersion cured 
with nitrate

2.1(±2.7) 0.6(±3.0) 1 © N> 1+ b 2.7(±2.3) 1.8(± 1.9)

B. Dry salted with 
nitrate

2.5(±2.1) 2.1 ( ±2.1 ) 0.1 ( ± 1.2) 2.6(±2.6) 3.1(±2.4)

Dry salted 
without nitrate

2.9(±1.9) 2.7(±1.8) +1tJ-b 00+1cTcn 2.5( ±2.2)



3 0 8 A .  A .  T a y lo r ,  B . G . S h a w  a n d  P . D . J o l le y

In com parison A , the dry-salted bacon was not scored as highly as the 
im m ersion-cured for flavour o f lean, but the difference was not significant. In 
com parison B, inclusion o f nitrate in the injection brine had no apparent effect 
on any o f the quality characteristics.

Discussion

These experim ents showed som e differences betw een dry-salted bacon and 
bacon made by conventional immersion curing. The m ethods were designed to 
give uniform distribution o f curing salts throughout sides, but in the dry-salted  
bacon their concentrations were lower in back than in collar. The immersion  
stage obviously contributes more to concentrations o f curing salts in back bacon  
than in collar and a com m ercial dry salting process should com pensate for this 
by injecting more brine along the back. Dry-salted sides also had lower total 
viable counts which was alm ost certainly due to the shorter curing time (5 days 
for dry-salting, 10 days for immersion) and this imparted a slightly better 
storage stability to the vacuum -packed collar bacon. This benefit was not 
obtained with vacuum -packed back bacon because it was outweighed by more 
rapid bacterial growth at the lower curing salt concentrations.

The most interesting observation was that the pattern o f nitrite loss in 
dry-salted bacon was quite different from that in im m ersion-cured. Nitrite fell 
steadily in the dry-salted collar and back whether or not nitrate was present, 
whereas, in im m ersion-cured, nitrate was depleted to maintain the level of 
nitrite, especially during the initial period of storage. Jolley (1 9 7 9 ) has dem ons
trated the im portance of the bacterial flora on im m ersion-cured sides to the 
conversion o f nitrate to nitrite in vacuum packs, and the difference in patterns 
of nitrite loss may be the result of fewer nitrate reducing bacteria developing on  
dry-salted bacon during curing. There was no evidence from this study that loss 
of nitrite during storage is likely to cause spoilage problem s in dry-salted collar 
bacon, and Taylor & Shaw (1 9 7 5 ) have shown that it has no effect on the 
stability o f back bacon o f normal pH. A lthough off-odours were a little more 
com m on in bacon made without nitrate (comparison B) there was no corres
ponding difference in bacterial counts and we can see no strong reason for 
including nitrate in curing brines used in a dry-salting process.

The differences discussed are no obstacle to the use of dry-salting. These 
experim ents show that bacon which is similar in appearance and eating quality 
to that produced by an immersion process can be produced in less tim e, and 
larger scale factory trials have shown that yields are also similar. Dry-salting  
offers obvious com m ercial advantages. Immersion tanks and brines are not 
required in new factories, and the space they occupy in existing factories can be 
used to extend maturation areas and increase production. Putting sides into 
immersion and withdrawing them for maturation is labour intensive and intro
duces factors such as brine/bacon ratio and tightness o f packing which affect the
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uptake of curing salts, leading to variability in the product. Reduction in the 
perm issible levels o f curing salts in bacon has placed a greater em phasis on 
precise and uniform distribution o f brine and the immersion process inevitably 
produces gradients in the concentration o f curing salts so that excessively high 
levels o f  nitrite can occur in the outer layers o f bacon sides (Patterson et al.,
1976). Dry-salting in conjunction with efficient brine injection can more read
ily control the levels o f curing salts added to bacon and give a more consistent 
product.
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Changes in the free -NH2, free -CO2H and 
titratable acidity of meat proteins

P. B. M A D O V I

Summary

The 2, 4, 6-trinitrobenzene sulphonic acid (T N B S) spectrophotom etric assay 
and formol titration were used to measure changes in free -N H 2 and free -C O 2H 
respectively, in m eat proteins dissolved in 3% sodium dodecyl sulphate (SD S). 
Changes in the titratable acidity o f the m eats was also determ ined. The free 
-N H 2 groups were found to decrease markedly with cooking while -C O 2H  
remained relatively constant. Interm ediate moisture b eef (Longissimus dorsi) 
processed and stored at 38°C show ed the free groups increasing for up to 8 
weeks’ storage due to proteolysis, follow ed later by a sharp fall due to cross- 
linking. But titratable acidity o f the IM b eef sam ples continued to rise with 
storage.

Introduction

During processing or storage o f meat and meat products physico-chem ical 
changes occur. T hese changes affect the level and balance o f free am ino groups, 
free carboxylic groups and other reactive sites o f the proteins. H am m  & 
D etherage (1 9 6 0 ) found that free carboxylic groups in the meat decreased as 
the tem perature was raised to 70°C. This they claim, was due to the concom itant 
loss in the water-holding capacity o f the m eat. H ow ever, at higher tem peratures 
Maillard type browning reactions usually occur due to sugar-protein interac
tions. U nder such conditions a fall in the amount of free amino groups (H odge, 
1953) in the meat and lysine availability (B ender, 1966, 1972) would result. 
The non-enzym ic browning (N E B ) reactions would also cause the acidity o f the 
proteins to increase (G ould & Frantz, 1945; G rim bleby, 1954).

To m onitor such losses in free -N H 2 detrim ental to protein quality, the TNBS
Authors’ address: Food Science Laboratories, University of Nottingham School of Agricul
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reagent introduced by Satake et al. (1960) may be applied (M okrash, 1967). 
This reagent couples with the free a  -am ino groups at pH 8 to give products with 
a high extinction coefficient at 340 nm in a spectrophotom etric assay.

For a-carboxylic groups and titratable acidity (T A ) determ ination, the 
formol titration was used. Kass & Palmer (1942) used this technique to detect 
changes in free -C O 2H in heated milk proteins. G ould & Frantz (1945) and 
Grimbleby (1 9 5 4 ) used it to determ ine changes in titratable acidity of heated  
milk proteins. It is a rapid technique based on the fast reactions of form al
dehyde with amino groups leaving behind the acid groups free to be titrated.

In the present studies m odifications of the TN BS and the formol titration 
assays were used in an attempt to, sim ultaneously, measure the changes in free 
-N H 2, and free -C O 2H and T A  respectively in meats and meat products during 
cooking, processing and storage.

Materials and methods

Preparation o f samples

Ground or minced meat samples were dispersed in 3% SDS (1 g% w/v), 
hom ogenized and allowed to soak for 30 min. They were placed on a boiling  
water bath for a further 30 min. Finally, they were centrifuged whilst still hot at
5 ,000  g for 30 min. The resultant supernatant was decanted and used in the 
analyses.

Leucine standard solutions were prepared and used to prepare standard 
calibration curves. This was carried out only once using a 1.5 mM  solution for 
the TNBS assay and 4 .0  mM  solution for the formol titration.

Reagents

(a) TNBS assay. pH 8.2 phosphate buffer: prepared by adding 43 ml of 
3.32%  (w/v) solution of NaHaPCL. 2 H 2O to one litre of a 3 .78%  (w/v) solution  
of N a2H P 04. 2H 20 .
TN BS solution: prepared to 0.10%  (w/v) by dissolving 100 mg TNBS from a 
grade equivalent to Sigma Chemical Co. Ltd. N o. 5878  in 100 ml distilled water 
in a volum etric flask, covered with aluminium foil to exclude all light. This 
solution was prepared daily and kept at 4°C until used.
A  0.1 N hydrochloric acid solution and 3% w/v SD S solution were also pre
pared in the usual way.

(b) Formol titration. 0 .02  N NaO H : prepared from a stock solution of 0.1 N 
sodium hydroxide made from a com mercial am poule. The distilled water used  
must be boiled for at least 20 min. and the fresh solution must be standardized  
against a fresh solution o f 0.02 N potassium  hydrogen phthalate.
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Form aldehyde: prepared by adjusting a 3 7 -4 0 %  w/v formalin solution A .R . to 
pH 9 with 0.1 N sodium hydroxide solution. This solution was freshly prepared 
each time when required.

(a) TNBS assay.

Instrumentation

For the TN B S assay an ordinary u.v. spectrophotom eter was used. The 
formol titration was carried out using a R adiom eter A utom atic Titrator type 
TTT 60 coupled to an autoburette A B U  12, a pH m eter PHM  62, titration  
assem bly T T A  3 and a servograph R E C  61 with Titrigraph m odule R E A  160 
(R adiom eter, Copenhagen, Denm ark). The autoburette contained the 0 .02  N  
sodium hydroxide solution used and the titration assembly the glass electrode.

Changes in meat proteins

Method

(a) TNBS method

This involved two assays; amino nitrogen assay and M icro-K jeldahl assay for 
nitrogen estim ation.

Duplicate aliquots (0 .25  ml) o f a test and leucine standard solutions was 
added to test tubes containing 2.0 ml o f pH 8.2 phosphate buffer. A  blank o f
0 .25 ml 3%  SD S was also prepared. TN B S solution (2 ml) was added to each  
tube, the contents m ixed and the tubes incubated in a covered water bath (to  
exclude all light) at 50°C for 60 min. A fter incubation the reaction was stopped  
by the addition o f 0.1 N  HC1 (4 .0  ml) solution to each tube. The tubes were 
then allowed to cool for 30 min. The absorbance o f the solutions was finally 
read at 3 40  nm against the blank. Since the free (-N H :) was linearly related to 
the colour intensity o f the T N B S reaction (A dler-N issen , 1978) a leucine 
standard calibration curve was used in the calculations. N itrogen estim ation was 
carried out using the M icro-K jeldahl technique for both the m eat solutions and 
the entire meat samples.

(b) Formol titration

The titration technique involved two stages; titratable acidity and formol 
titration. D uplicate sam ples (20  ml) were pipetted into the titration vessel o f the 
R adiom eter autom atic titrator and titrated with 0 .02  N sodium  hydroxide 
solution to a pre-selected  end point o f pH 9.0  ±  0 .01 . The am ount of sodium  
hydroxide solution required to reach this pH was the titratable acidity o f the 
sample.

To the 20 ml o f sample treated as above to pH 9.0  ±  0.01 4 ml o f form al-
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Storage at 38°C (weeks)

Figure 1. Solubility of m eat protein  nitrogen in 3%  SDS ( a ----------a ) ,  changes in free
am ino ( • ----------• )  and free carboxylic groups (o----------o) (uncorrected  for decrease
in total soluble n itrogen) during storage of IM  beef at 38°C. Solubility defined as 
(soluble N  x  100)/total N .

dehyde (3 7 -4 0 %  w/v) adjusted also to the final pH (pH  9.0) were added and 
allow ed to mix. This gives a final form aldehyde concentration to within the 
range 6 -9%  w/v as recom m ended by Levy (1 9 3 4 ). The resultant acidity (i.e. 
form ed on adding form aldehyde) was then titrated back to pH 9 .0 ± 0 .0 1  (the 
end point) to give the form ol titre. The latter was used in the leucine standard 
calibration curve to determ ine free (-CChH).

Results and observations

Solubility in 3% SDS

Sodium dodecyl sulphate (SD S) in com bination with (3-mercaptoethanol, is 
known to dissolve relatively insoluble proteins such as those in IM meats. But in 
the present studies SD S seem ed to dissolve these m eats quite well without the 
(3-mercaptoethanol which could not be incorporated in the solvent since it 
interferred in the formol titration assay.

The decreasing trend in the IM b eef percentage solubility with storage was 
similar to that observed for the loss in free -N H 2 and free -C O 2H uncorrected  
for soluble nitrogen (Fig. 1). G enerally, fresh muscle tissue seem ed to be more 
soluble than cooked  or processed (Table 1).
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Table 1. Solubility, titra tab le  acidity, free am ino and free carboxylic groups of meats* and m eat 
products

Sample Percentage 
solubility t 
in 3%  SDS

T A t (ml F ree  -N H 2 
0.02N  N aO H ) (meqv/lOOmg 

soluble N)

F ree  -C O 2H 
(m eqv/100m g 
soluble N)

B eef (L. dorsi) R aw 92.5 1.02 24.63 13.21
C ooked§ 85.5 1.22 12.59 13.35

Pork (L . dorsi) Raw 92.5 1.42 30.13 13.64
C ooked 84.0 1.32 18.57 13.98

C hicken (breast) Raw 99.4 2.19 21.14 13.93
C ooked 98.2 1.41 17.61 13.99

Bovine liver Raw 89.9 1.18 19.38 19.56
C ooked 99.1 1.22 18.99 15.13

Cod (fish) Raw 100.7 0.51 17.38 15.03
C ooked 100.3 0.37 7.79 15.26

In term ed ia te  m oisture beef 91.6 1.24 14.05 12.39
C orned beef (A rgentin ian) 62.0 0.76 19.71 11.07
H am 54.3 0.89 27.43 15.36
L uncheon m eat 75.7 0.53 18.86 6.07
Tesco fresh beef/pork  sausage 95.0 0.60 5.92 1.02
Bovine lung 32.8 0.77 32.65 21.17
Bovine tripe 46.7 0.13 13.14 6.43

* M eat defined here as anim al tissue fit for use as food, 
t  Solubility defined as soluble N /Total N x 100.
X T itra tab le  acidity fo r 20m l sam ple solution (1%  w/v) in 3%  SDS.
§ C ooked  m eat defined as raw  m eat left in boiling w ater for 30 min.

Free amino group estimation

Although raw m eats generally show ed the highest levels o f free amino groups 
these fell quite markedly on cooking the m eat (Table 1). IM b eef (L. dorsi) and 
meat broth stored at 38°C showed the free groups, as a percentage of total 
soluble nitrogen, to  increase to a maximum at 8 w eeks’ storage follow ed by a 
marked decrease (Fig. 2). The increase was possibly due to proteolysis and the 
fall to cross-linking.

Free carboxylic group estimation

The free carboxylic groups o f the meats, as a percentage o f total soluble 
nitrogen, rem ained relatively constant when the m eat was cooked. Processed  
meats on the other hand showed low  levels o f free carboxylic groups (Table 1).
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Storage at 38°C (weeks)

Figure 2. Changes in free am ino groups and free carboxylic groups in IM beef and
bro th  during storage at 38°C. o----------o M eat bro th  free - N H 2; x----------x IM  beef
free - N H 2; a ------------- a  IM  beef free - C O 2H ; □ --------------□ M eat bro th  free - C O 2H.

IM b eef sam ples show ed an increase in free carboxylic groups in the first 4 
weeks follow ed by a fall (Fig. 2). The same trend was observed for the meat 
broth but in this case the decrease cam e after 8 w eeks’ storage.

Titratable acidity

The results obtained show that the acidity was generally low in processed  
meats (Table 1) but in IM b eef and broth sam ples it increased with storage time 
(Fig. 3) at 38°C. The rate of increase in acidity was greater after four w eeks 
storage. On the w hole, changes were larger initially for the meat broth sam ples 
but this pattern was reversed after 8 weeks (Fig. 3).

Discussion

The meats and meat products studied generally show ed a greater level o f  free 
am ino groups than free carboxylic groups (Table 1 and Fig. 2). This perhaps, is 
because the TN B S reaction essentially estim ates free a-NFL and e-NFF of 
lysine (A dler-N issen , 1978) while the formol titration m easures only free a  
-C O 2H. The latter groups seem ed to be fairly stable to cooking while free -NFI2 
suffered considerable destruction (Table 1).

Hamm & D etherage (1 9 6 0 ) found that the amount of acidic groups in m eat
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Storage at 38°C (weeks)

Figure 3. C hanges in IM  beef (o----- o) and bro th  (a----- a) titratable acidity
during storage at 38°C.

proteins fell as the temperature was raised to 70°C. T hese workers attributed 
this fall to the concom itant moisture loss that occured. Our findings however, 
dispute this point since cooked m eats (Table 1) show ed no significant loss in 
free carboxylic groups. Instead, there was a considerable fall in the level o f free 
amino groups of the m eats on cooking. This possibly, was due to aldose-protein  
or similar interactions with the free amino groups.

For the IM b eef and m eat broth sam ples stored at 38°C, the changes observed  
seem ed to agree with the findings o f O banu, Ledward & Lawrie (1975a ,b ) and 
Obanu (1976a ,b ). T hese workers observed that there were two contrasting 
reactions in stored IM beef; proteolysis and cross-linking; causing product 
quality loss (e.g. colour and solubility, Fig. 1). From Fig. 2 it is evident that 
proteolysis is dom inant in the first 8 w eeks’ storage causing the increase in free 
amino and free carboxylic groups observed. After this period cross-linking  
almost certainly predom inates over proteolysis leading to a fall in the level of 
the free groups (Fig. 2) and a rapid increase in titratable acidity (Fig. 3).

Elim ination o f free am ino groups in such reactions causes the increase in 
titratable acidity (G ould  & Frantz, 1945; G rim bleby, 1954) observed in som e  
cooked  m eats (Table 1) and in browned IM products (Fig. 3). C ooked pork with 
a high content o f free amino groups (Table 1) and reducing sugars (Lawrie,
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1979; Sharp, 1957; 1958) than cooked b eef was found to suffer more from  
N E B . This difference in susceptibility to browning betw een pork and b eef 
perhaps shows the importance of N E B  reactions in the destruction o f free -N H 2 
in meat proteins. M echanisms responsible for loss of free am ino groups through 
Maillard and similar reactions have been reviewed (H odge, 1953; Burton & 
M cW eeney, 1963; R eynolds, 1963; Hurst, 1972).

D eterm ination o f the level o f free am ino groups, free carboxylic groups and 
titratable acidity in meats and meat products is important because these factors 
may influence the colour, texture, tenderness, flavour and nutritional quality of 
the products during processing or storage. Their importance in this regard, was 
underlined by the changes observed for IM b eef when browning started after 8 
w eeks’ storage (Fig. 2), and, merits further investigation.
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Rheological properties of spinning dopes and 
spun fibres produced from plasma -  alginate mixtures

A . P. IM ESO N , J. R. M ITCH ELL a n d  D. A . L E D W A R D

Summary

The tensile and shear strengths o f fibres produced by extruding dopes o f 2.0%  
sodium alginate and 6.0%  blood plasma into a coagulating bath o f calcium  
chloride (5%  w/v) at pH  4 .0 , varied according to the guluronic acid block 
content and m olecular weight (viscosity) o f the alginates. The shear resistance 
of the fibres was not dependent on guluronic acid block content or alginate 
viscosity. H ow ever, when calculated per gram of dry matter, fibres containing  
alginates o f high guluronic acid block contents had significantly greater resis
tance to shear than fibres spun from alginates of low guluronic acid block 
content although there was still no significant dependence on alginate viscosity  
or degree o f polym erization.

The tensile strength o f fibres produced from high guluronic acid block  
alginates was not related to the viscosity o f the sample. H ow ever, in fibres 
containing low  guluronic acid block contents the strength increased as the 
degree o f polym erization increased. T hese relationships were equally valid 
whether calculated on a wet or dry basis. In addition there was an inverse 
correlation betw een percentage elongation at maximum tensile stress and the 
viscosity o f the spinning dopes.

Possible explanations for these observations are discussed.

Introduction

Products which im itate meat in appearance, texture and flavour may be pre
pared by extruding concentrated alkaline protein extracts into acid salt 
coagulating baths (B oyer, 1954). R ecently it has been shown that the inclusion  
of sodium  alginate into a solution o f blood plasma produces a dope which has a 
stable viscosity suitable for spinning. Thus the need for prior concentration of

A uthors ' address: Food Science L aborato ries , D epartm en t o f A pplied  B iochem istry and 
N utrition , U niversity  o f N ottingham  School o f A gricu ltu re , Sutton B onington, L oughborough, 
Leics. L E 12 5R D .
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the protein or subsequent treatment with alkali is unnecessary (Im eson, L ed
ward & M itchell, 1979). A lso, addition o f charged polysaccharides, such as 
carrageenan and carboxylm ethyl cellu lose, to protein dopes enables the m ix
tures to be spun more easily (H uang & Rha, 1977).

Fibrous or crispy meat analogues may be spun from alginate-protein m ix
tures by adjusting the amount of air in the spinning dope and by stretching the 
fibres in the coagulating bath (U niversité Laval, 1977). Furthermore fibres with 
different shear strengths and protein contents are obtained from mixtures 
extruded into coagulating baths containing different concentrations o f acetic 
acid and/or calcium chloride (Im eson et a l,  1979).

This study was made using different alginates in the spinning dope and hence 
extend further the range of fibre characteristics that may be obtained.

D ifferent species o f alginate contain varying proportions o f poly (a -L -  
guluronic acid), poly((3-D-m annuronic acid) and segm ents where the two 
sugars alternate. The solution and gelation properties o f alginate in the pres
ence o f divalent ions depend on the polym er com position (Smidsrod & Haug,
1 9 7 2 ) . The hom opolym eric guluronic acid regions (G  blocks) are mainly 
involved in the interaction betw een calcium ions and alginate (Grant et a i,
1 9 7 3 ) . C onsequently high G block calcium alginate gels tend to be hard and 
brittle, whereas low  G block gels tend to be weak and elastic (Penm an & 
Sanderson, 1972).

In this work the rheological behaviour o f solutions o f blood plasma and 
sodium alginate was investigated. The types of alginate appropriate for prepar
ing spinning dopes o f suitable handling properties were identified from samples 
of low, medium and high viscosity alginates containing high or low G blocks.

In addition fibres were spun from these protein-polysaccharide mixtures to 
determ ine the effects of alginate viscosity and G block content on the shear and 
tensile properties of fibre bundles.

Materials and methods
Alginates

The characteristics of seven sam ples o f sodium alginate kindly supplied by 
A lginate Industries Ltd. are shown in Table 1.

Solution viscosities were determ ined for mixtures o f sodium alginate (1% ) 
and Calgon (0 .25% ) in distilled water at 25°C using a D eer rheom eter fitted  
with a 4° cone and plate assembly at a shear rate of 49 sec-1. M oisture was 
determ ined by heating to constant weight at 105°C.

Blood plasma

Pigs’ blood was obtained im m ediately post-slaughter at a local abattoir and, 
to prevent coagulation, was mixed with 10% v/v sodium citrate solution (10%  
w/v). The plasma was separated by centrifugation at 2 5 0 0 g for 15 min. It had a
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Table 1. P roperties o f tested  alginates

Sample M oisture conten t (% ) D eer viscosity (centipoisel 
(Shear ra te  49 sec 25°C)

A pproxim ate 
guluronic acid* 
block conten t (% )

A 11.3 58 60
B 10.2 100 55
C 11.1 158 60
D 12.5 49 30
E 13.0 106 25
F 12.9 313 25
G 14.6 108 25

‘ Supplied by A lginate Industries Ltd.

pH of 7.2 and protein and ash contents of 6 .32%  and 1.10%  respectively. 
Calcium content o f the ash was 1.2% . The plasma was blast frozen and stored at 
-2 0 ° C  until required.

Preparation of spinning dope

The thawed plasma was diluted with a small volum e of water to give a 6.0%  
protein solution. Sodium alginate was dissolved in the plasma giving a protein to 
polysaccharide ratio o f 3 to 1. The solutions were de-aerated by centrifugation  
at 1000 g for 5 min. The dope had a pH in the range 6 .5 -6 .9  for solutions 
containing high G  block alginates and pH values of 7 .4 -7 .5  for dopes containing  
low G block alginates.

Rheological characteristics o f the spinning dopes

Flow curves of each of the spinning dopes were measured with a Deer 
R heom eter using a concentric cylinder at 25°C. Shear rate was measured both  
for increasing applied shear stress and for decreasing shear stress.

Fibre spinning

Tows were prepared by extruding the dope through a spinneret (40 holes, 8 x  
10-5 m diam. each) at an extrusion rate o f 0 .19  m m in“ ' and a take-up rate o f 7.2  
m min-1 into a coagulating bath o f calcium chloride (5%  w/v) adjusted to pH
4.0 with acetic acid. This pH was chosen as it is the value at which blood plasma 
and sodium alginate precipitate as a protein-polysaccharide com plex (Im esonei 
al., 1978) and is approxim ately midway betw een the pK values of polyguluronic 
and polym annuronic acids (4.2 and 3 .7) and thus, if differences are to be seen  
betw een the fibres they should be apparent at this pH Constant extrusion and

22
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t a k e - u p  r a t e s  w e r e  m a i n t a i n e d  d u r i n g  s p i n n i n g .  T h e  c o a g u l a t i n g  b a t h  w a s  k e p t  

a t  p H  4 . 0  b y  s m a l l  a d d i t i o n s  o f  a c e t i c  a c i d .

F i b r e  b u n d l e s  e x t r u d e d  i n  e x a c t l y  2  m i n  w e r e  u s e d  f o r  t e n s i l e  m e a s u r e m e n t s .  

T o w s  e x t r u d e d  in  e x a c t l y  1 2  m i n  w e r e  u s e d  f o r  m e a s u r e m e n t  o f  s h e a r  s t r e n g t h .

Shear strength and tensile strength o f  tow

S h e a r  s t r e n g t h  v a l u e s  w e r e  o b t a i n e d  b y  t h e  I n s t r o n  F o o d  T e s t i n g  I n s t r u m e n t  

( T a b l e  M o d e l  1 1 4 0 )  f i t t e d  w i t h  a  W a r n e r - B r a t z l e r  b l a d e  u s i n g  a  c r o s s h e a d  

s p e e d  o f  5 0  m m  m i n - 1 . M e a n  v a l u e s  w e r e  o b t a i n e d  f r o m  e i g h t  m e a s u r e m e n t s  

t a k e n  f r o m  e a c h  t o w .

V a r i a t i o n s  i n  d o p e  v i s c o s i t y  r e s u l t e d  i n  d i f f e r e n t  t o w  s i z e s  b e i n g  p r o d u c e d  in  

t h e  t i m e  i n t e r v a l s  a n d  p r e v i o u s  w o r k  h a s  s h o w n  t h a t  s h e a r  r e s i s t a n c e  v a r i e s  w i t h  

t h e  d i m e n s i o n s  o f  t h e  s a m p l e  ( P o o l  &  K l o s e ,  1 9 6 9 ) .  R e s u l t s  f r o m  p l a s m a -  

a l g i n a t e  t o w s  i n d i c a t e  t h a t  t h e  s h e a r  s t r e n g t h  i s  p r o p o r t i o n a l  t o  t h e  a r e a  r a i s e d  

t o  a  p o w e r  o f  0 . 5 9  ( o r  d i a m e t e r  t o  t h e  p o w e r  1 . 1 8 )  ( I m e s o n ,  u n p u b l i s h e d  

r e s u l t s )  w h i c h  c l o s e l y  a g r e s s  w i t h  a  p r e v i o u s  v a l u e  o b t a i n e d  f r o m  c o o k e d  t u r k e y  

s a m p l e s  ( P o o l e  &  K l o s e ,  1 9 6 9 ) .  S i n c e  t h e  t o w s  h a d  a  c o n s t a n t  l e n g t h  o f  1 7 0  m m  

t h e i r  c r o s s - s e c t i o n a l  a r e a s  c o u l d  b e  c a l c u l a t e d  f r o m  t h e i r  t o w  w e i g h t s .  T h u s  a  

c o m p a r i s o n  o f  s h e a r  s t r e n g t h s  p e r  u n i t  o f  t o w  a r e a  w a s  m a d e  a f t e r  d i v i d i n g  t h e  

s h e a r  r e a d i n g  b y  t h e  t o w  a r e a  t o  t h e  p o w e r  0 . 5 9 .

T e n s i l e  m e a s u r e m e n t s  w e r e  m a d e  w i t h  a n  I n s t r o n  f i t t e d  w i t h  s e r r a t e d  j a w s  

u s i n g  a  c r o s s h e a d  s p e e d  o f  1 0 0  m m  m i n - 1 . I n  t h e  f e w  c a s e s  i n  w h i c h  t h e  s a m p l e  

s l i p p e d  o r  b r o k e  a t  t h e  j a w s ,  t h e  r e a d i n g s  w e r e  d i s c a r d e d .  T e n s i l e  s t r e n g t h  

r e a d i n g s  w e r e  d i v i d e d  b y  t h e  t o w  w e i g h t  t o  a l l o w  f o r  d i f f e r e n c e s  i n  t o w  a r e a .

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

a t  1 0 5 ° C .

Results

A l l  o f  t h e  s p i n n i n g  d o p e s  c o u l d  b e  h a n d l e d  v e r y  e a s i l y ,  e s p e c i a l l y  t h o s e  p r e 

p a r e d  f r o m  m e d i u m  v i s c o s i t y  a l g i n a t e s .

N o  s i g n i f i c a n t  d i f f e r e n c e s  w e r e  o b s e r v e d  b e t w e e n  t h e  s h e a r  r a t e  v a l u e s  

o b t a i n e d  o n  t h e  s p i n n i n g  d o p e s  f o r  b o t h  i n c r e a s i n g  a n d  d e c r e a s i n g  a p p l i e d  

s h e a r  s t r e s s .  F i g u r e  1 s h o w s  t h e  p s e u d o p l a s t i c  f l o w  c u r v e s  f o r  e a c h  o f  t h e  d o p e s .  

S a m p l e s  c o n t a i n i n g  h i g h  v i s c o s i t y  a l g i n a t e  s h o w e d  t h e  g r e a t e s t  c h a n g e s  i n  

a p p a r e n t  v i s c o s i t y  a s  t h e  s h e a r  r a t e  i n c r e a s e d ,  b u t  c h a n g e s  w e r e  a l s o  f o u n d  in  

t h e  l o w  v i s c o s i t y  s a m p l e s .  F o r  e x a m p l e ,  t h e  a p p a r e n t  v i s c o s i t y  o f  m i x t u r e  F  

r a p i d l y  d e c r e a s e d  f r o m  1 3 5  t o  3 4  P  a s  t h e  s h e a r  r a t e  i n c r e a s e d  f r o m  3  t o  1 0 0  

s e c - 1 , w h e r e a s ,  o v e r  t h e  s a m e  r a n g e  o f  s h e a r  r a t e s ,  m i x t u r e  D  d e c r e a s e d  f r o m

1 2 . 6  t o  7 .5  P .

S h e a r  r e s i s t a n c e  m e a s u r e m e n t s  f o r  t h e  s p u n  f i b r e s  a r e  s h o w n  in  T a b l e  2 .  

T h e r e  i s  n o  s i g n i f i c a n t  d i f f e r e n c e  i n  s h e a r  f o r c e  v a l u e s  o b t a i n e d  f o r  t o w s  

c o n t a i n i n g  l o w  o r  h i g h  a l g i n a t e  o f  d i f f e r e n t  v i s c o s i t i e s .  N e v e r t h e l e s s ,  w h e n  t h e
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Figure 1. Flow curves of the spinning dopes measured with a Deer Rheometer of 
concentric cylinder geometry at 25°C. The protein-polysaccharide ratio in the dopes 
was 3:1 and the data refers to polysaccharide sample A(Y), B(D), C(#), D(A), 
E ( A ) ,  F(O). G(B), of Table 1 respectively.

d a t a  is  e x p r e s s e d  p e r  g r a m  o f  d r y  m a t t e r ,  v a r i a t i o n  b e t w e e n  s a m p l e s  i s  a p p a r 

e n t .  C a l c u l a t i o n s  s h o w  t h a t  f i b r e s  p r o d u c e d  u s i n g  h i g h  G  b l o c k  a l g i n a t e  a r e  

s i g n i f i c a n t l y  d i f f e r e n t  ( P < 0 . 0 0 1 )  f r o m  t h o s e  s p u n  f r o m  m i x t u r e s  c o n t a i n i n g  

l o w  G  b l o c k  a l g i n a t e .  H o w e v e r ,  t h e r e  is  n o  s i g n i f i c a n t  d i f f e r e n c e  i n  s h e a r  

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

T h e  t e n s i l e  s t r e n g t h  o f  t h e  f i b r e  b u n d l e s  p r o d u c e d  f r o m  h i g h  G  b l o c k  a l g i 

n a t e s  d i d  n o t  a p p e a r  t o  b e  r e l a t e d  t o  t h e  v i s c o s i t y  o f  t h e  s a m p l e  ( T a b l e  2 ) .  

H o w e v e r ,  i n  t h e  f i b r e s  c o n t a i n i n g  s m a l l  a m o u n t s  o f  G  b l o c k  t h e  s t r e n g t h  

i n c r e a s e d  a s  t h e  d e g r e e  o f  p o l y m e r i z a t i o n  i n c r e a s e d .  I n  a d d i t i o n ,  t h e r e  i s  a n  

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

t h e  v i s c o s i t y  o f  t h e  s p i n n i n g  d o p e  ( r  =  —0 . 9 3 ;  P < 0 . 0 1 ) .

T h e  d a t a  a l s o  s h o w s  t h a t  t h e  h i g h  G  f i b r e s  a r e  a b l e  t o  r e t a i n  m o r e  m o i s t u r e  

t h a n  t h e  l o w  G  f i b r e s .

Discussion

I t  is  r e a d i l y  a p p a r e n t  f r o m  t h e  r e s u l t s  s h o w n  in  T a b l e  2  t h a t  f i b r e s  o f  v a s t l y  

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

a l g i n a t e s  o f  d i f f e r i n g  g u l u r o n i c  a c i d  c o n t e n t s  i n t o  5 %  c a l c i u m  c h l o r i d e  b a t h s .  I t  

h a s  p r e v i o u s l y  b e e n  s h o w n  t h a t  v a r i a t i o n s  i n  c a l c i u m  c o n t e n t  a n d  p H  o f  t h e  

c o a g u l a t i n g  b a t h  w i l l  l e a d  t o  t h e  f o r m a t i o n  o f  f i b r e s  o f  d i f f e r i n g  r h e o l o g i c a l
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p r o p e r t i e s  ( I m e s o n ,  M i t c h e l l  &  L e d w a r d ,  1 9 7 9 ) .  T h u s  t h e s e  a l g i n a t e - p r o t e i n  

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

p r o d u c t s  i n c l u d i n g  m e a t  a n a l o g u e s .

V o i s e y  ( 1 9 7 6 )  h a s  a n a l y s e d  t h e  s t r e s s e s  i n v o l v e d  i n  t h e  W a r n e r - B r a t z l e r  t e s t  

f o r  m e a t  a n d  c o n c l u d e d  t h a t  t h e  f i b r e s  a r e  s u b j e c t e d  p r i m a r i l y  t o  a  t e n s i l e  s t r e s s  

i n  t h e  d i r e c t i o n  o f  t h e  f i b r e  a x i s .  I f  t h i s  i s  t h e  c a s e  t h e n  a  c o r r e l a t i o n  b e t w e e n  t h e  

t e n s i l e  a n d  s h e a r  f o r c e  m e a s u r e m e n t s  w o u l d  b e  e x p e c t e d ,  a s  i n d e e d  h a s  b e e n  

r e p o r t e d  f o r  m e a t  ( B o u t o n  &  H a r r i s ,  1 9 7 2 ) .  F o r  o u r  d a t a  t h e r e  i s  n o  s i g n i f i c a n t  

c o r r e l a t i o n  b e t w e e n  t h e  t e n s i l e  a n d  s h e a r  f o r c e  m e a s u r e m e n t s  i r r e s p e c t i v e  o f  

w h e t h e r  t h e s e  a r e  c o m p a r e d  o n  t h e  d r y  m a t t e r  o r  w e t  w e i g h t  b a s i s .  T h i s  s u g g e s t s  

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

t y p e s  o f  s t r e s s e s .  S i n c e  o n l y  t e n s i l e  s t r e s s e s  c a n  o c c u r  i n  t h e  t e n s i l e  s t r e n g t h  

m e a s u r e m e n t s  i t  w o u l d  a p p e a r  t h a t  f o r  t h e  s h e a r  t e s t  u s i n g  t h e  W a r n e r - B r a t z l e r  

p r o c e d u r e ,  s h e a r  s t r e s s e s  a r e  t o  s o m e  e x t e n t  i n v o l v e d  in  t h e  m e c h a n i c a l  f a i l u r e  

o f  t h e s e  f i b r e s .

W e  h a v e  p r e v i o u s l y  s u g g e s t e d  t h a t  c a l c i u m  a l g i n a t e  p r o t e i n  f i b r e s  a t  p H  4  

c o n s i s t  o f  a  c a l c i u m  a l g i n a t e  g e l  w i t h  p r o t e i n  t r a p p e d  w i t h i n  t h e  m a t r i x  o f  t h e  g e l  

b u t  n o t  i n t e r a c t i n g  w i t h  t h e  p o l y s a c c h a r i d e  t o  a n y  g r e a t  e x t e n t  ( I m e s o n  et al., 
1 9 7 9 ) .  I f  t h i s  is  t h e  c a s e  t h e n  t h e  p r o p e r t i e s  o f  t h e  f i b r e s  s h o u l d  r e s e m b l e  t h o s e  

o f  a  c a l c i u m  a l g i n a t e  g e l .  T h e  l o w e r  m o i s t u r e  c o n t e n t  o f  t h e  f i b r e s  o b t a i n e d  

f r o m  t h e  l o w  g u l u r o n i c  a l g i n a t e s  s u p p o r t  t h i s  v i e w  s i n c e  S m i d s r o d  &  H a u g  

( 1 9 7 2 )  f o u n d  t h a t  t h e  r e d u c t i o n  i n  v o l u m e  o f  a n  a l g i n a t e  s o l u t i o n  o n  g e l  

f o r m a t i o n  b y  d i a l y s i s  a g a i n s t  e x c e s s  C a C h  w a s  m a x i m a l  f o r  a n  a l g i n a t e  w i t h  a  

m a n n u r o n i c  a c i d  c o n t e n t  o f  3 0 % ,  i . e .  t h e  a l g i n a t e  c o n c e n t r a t i o n  i n  t h e  g e l  

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

B o t h  t h e  r h e o l o g i c a l  t e s t  m e t h o d s  e m p l o y e d  m e a s u r e  t h e  f o r c e  r e q u i r e d  t o  

r u p t u r e  t h e  f i b r e s .  A l t h o u g h  t h e  r h e o l o g i c a l  p r o p e r t i e s  o f  a l g i n a t e  g e l s  h a v e  

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

t h e i r  b e h a v i o u r  a t  s m a l l  d e f o r m a t i o n s  p r i o r  t o  r u p t u r e  ( S m i d s r o d  &  H a u g ,  

1 9 7 2 ;  S e g e r e n  et al., 1 9 7 4 ;  M i t c h e l l  &  B l a n s h a r d ,  1 9 7 6 )  a n d  o n l y  a  l i m i t e d  

a m o u n t  o f  w o r k  h a s  b e e n  c a r r i e d  o u t  o n  t h e  r u p t u r e  s t r e n g t h  o f  t h e  g e l s  

( M c D o w e l l ,  1 9 7 5 ;  M i t c h e l l ,  1 9 7 9 ) .  T h e  c o n c l u s i o n s  f r o m  t h e  l a t t e r  s t u d i e s  

w e r e  t h a t  a t  h i g h  c a l c i u m  c o n c e n t r a t i o n s  t h e  r u p t u r e  s t r e n g t h  o f  t h e  g e l  

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

a l g i n a t e .  T h e  s h e a r  v a l u e s  s h o w  t h e  e x p e c t e d  i n c r e a s e  i n  s t r e n g t h  w i t h  g u l u r o n i c  

a c i d  c o n t e n t  b u t  n o  s u c h  d i f f e r e n c e  is  a p p a r e n t  i n  t h e  t e n s i l e  m e a s u r e m e n t s .

I t  w o u l d  b e  e x p e c t e d  t h a t  t h e  s h e a r  a n d  t e n s i l e  s t r e n g t h s  a n d  a l s o  p r o b a b l y  

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

w i t h  t h e  m o l e c u l a r  w e i g h t .  O n l y  i n  t h e  c a s e  o f  t h e  t e n s i l e  s t r e n g t h  o f  t h e  l o w  

g u l u r o n i c  a c i d  a l g i n a t e s  is  t h e r e  e v i d e n c e  f o r  a n  i n c r e a s e  i n  s t r e n g t h  w i t h  

m o l e c u l a r  w e i g h t  a n d  t h e r e  i s  a  n e g a t i v e  r a t h e r  t h a n  a  p o s i t i v e  c o r r e l a t i o n  
b e t w e e n  p e r c e n t a g e  e l o n g a t i o n  a n d  v i s c o s i t y .  T h i s  c a s t s  s o m e  d o u b t  o n  t h e  i d e a  

t h a t  t h e s e  f i b r e s  a r e  e s s e n t i a l l y  h o m o g e n e o u s ,  i s o t r o p i c  a l g i n a t e  g e l s .  T h e r e  a r e  

a  n u m b e r  o f  f a c t o r s  t h a t  m i g h t  b e  r e s p o n s i b l e  f o r  t h e s e  r a t h e r  u n e x p e c t e d  

r e s u l t s .
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T h e s e  i n c l u d e :  ( a )  t h e  p r e s e n c e  o f  t h e  p r o t e i n ,  ( b )  t h e  n o n - i s o t r o p i c  n a t u r e  o f  

t h e  f i b r e s  a n d  ( c )  t h e  l e v e l  o f  c a l c i u m .

O n  t h e  l i m i t e d  d a t a  a v a i l a b l e  i t  is  n o t  p o s s i b l e  t o  b e  d e f i n i t i v e  a s  t o  w h i c h  ( i f  

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

t h a t  t h e  s h e a r  s t r e n g t h  o f  t h e  f i b r e s  w a s  i n d e p e n d e n t  o f  c a l c i u m  c o n c e n t r a t i o n  

in  t h e  b a t h  a t  l e v e l s  g r e a t e r  t h a n  3 . 0 % .  A l t h o u g h  t h e  c a l c i u m  r e q u i r e m e n t  m a y  

d e p e n d  t o  s o m e  e x t e n t  o n  t h e  g u l u r o n i c  a c i d  c o n t e n t  o f  t h e  a l g i n a t e  a n d  i t s  

m o l e c u l a r  w e i g h t  i t  s e e m s  u n l i k e l y  t h a t  t h e  5 . 0 %  b a t h  w a s  i n s u f f i c i e n t l y  c o n 

c e n t r a t e d  t o  s a t i s f y  t h e  r e q u i r e m e n t s  o f  a l l  t h e  a l g i n a t e  s a m p l e s  e m p l o y e d .

A  m o r e  p r o b a b l e  e x p l a n a t i o n  i s  t h a t  t h e  d e g r e e  o f  o r i e n t a t i o n  o f  t h e  a l g i n a t e  

c h a i n s  i n  t h e  f i b r e s  w i l l  d e p e n d  o n  t h e  v i s c o s i t y  o f  t h e  a l g i n a t e .  T h e  o r i e n t a t i o n  

w i l l  b e  g r e a t e r  f o r  t h e  l o w  m o l e c u l a r  w e i g h t  a l g i n a t e s  b e c a u s e  t h e  i n t e r m o l e c u -  

l a r  e n t a n g l e m e n t s  p r e v e n t i n g  t h e  n a t u r a l  f l o w  o r i e n t a t i o n  o f  t h e  p o l y m e r  w i l l  b e  

m u c h  l e s s  t h a n  in  t h e  h i g h  m o l e c u l a r  w e i g h t  s a m p l e s .  F i b r e s  c o n t a i n i n g  p o l y 

m e r s  o r i e n t a t e d  p a r a l l e l  t o  t h e  a x i s  o f  t h e  f i b r e  w i l l  b e  s t r o n g e r  i n  t e n s i o n  t h a n  

f i b r e s  c o n t a i n i n g  r a n d o m l y  o r i e n t a t e d  p o l y m e r s .  T h i s  e f f e c t  m a y  n u l l i f y  t h e  

m o l e c u l a r  w e i g h t  d e p e n d e n c i e s  o b s e r v e d  f o r  a n  i s o t r o p i c  g e l .  I n  a d d i t i o n  i t  

s e e m s  p l a u s i b l e  t h a t  o r i e n t a t i o n  w i l l  p e r m i t  a  l o n g e r  e l o n g a t i o n  p r i o r  t o  b r e a k .

T h e  p H  o f  t h e  c o a g u l a t i n g  b a t h  ( 4 . 0 )  i s  c l o s e  t o  t h e  p H  a t  w h i c h  t h e  i n t e r a c 

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

o f  p r o t e i n  w i t h  a l g i n a t e ,  i s  m a x i m a l  ( I m e s o n  et al., 1 9 7 8 ) .  I t  d o e s  t h e r e f o r e  

s e e m  p o s s i b l e  t h a t  t h e  t e x t u r e  o f  t h e  f i b r e  m a y  b e  i n f l u e n c e d  b y  t h e  p r e s e n c e  o f  

p r o t e i n .  T h e  i n t e r a c t i o n  b e t w e e n  t h e  p r o t e i n  a n d  a l g i n a t e  i s  p r i m a r i l y  e l e c t r o 

s t a t i c  i n  n a t u r e  a n d  s i n c e  t h e  p K  v a l u e s  o f  p o l y m a n n u r o n i c  a c i d  a n d  

p o l y g u l u r o n i c  a c i d  a r e  3 . 7  a n d  4 . 2  r e s p e c t i v e l y  ( H a u g ,  1 9 6 1 )  t h e  c h a r g e  o n  t h e  

t w o  d i f f e r e n t  a l g i n a t e  t y p e s  a t  p H  4 . 0  a n d  h e n c e  t h e  e x t e n t  t o  w h i c h  t h e y  

i n t e r a c t  w i t h  t h e  p r o t e i n  w i l l  b e  d i f f e r e n t .  T h i s  c o u l d  a l s o  b e  a  c o n t r i b u t o r y  

f a c t o r  i n f l u e n c i n g  t h e  t e x t u r e  o f  t h e s e  f i b r e s  a n d  m a y  p a r t l y  e x p l a i n  t h e  v a r i a 

t i o n  b e t w e e n  t h e  p r o p e r t i e s  o f  t h e  f i b r e s  f o r m e d  w i t h  h i g h  a n d  l o w  g u l u r o n i c  

a c i d  a l g i n a t e s  a t  p H  4 . 0 .
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Desorption characteristics of hot-soaked 
parboiled paddy

S . B A N D Y O P A D H Y A Y  a n d  N .  C .  R O Y

Summary

T h e  d e s o r p t i o n  o f  w a t e r  f r o m  a  t h i n  l a y e r  o f  h o t - s o a k e d  p a r b o i l e d  p a d d y  g r a i n s  

w a s  s t u d i e d  u n d e r  c o n s t a n t  d r y i n g  c o n d i t i o n s  w i t h i n  a  t e m p e r a t u r e  r a n g e  

4 0 - 7 0 ° C  a n d  a t  a  c o n s t a n t  r e l a t i v e  h u m i d i t y  o f  6 0 % .  T h e  d a t a  o f  o n e  v a r i e t y  o f  

p a d d y  w e r e  c o r r e l a t e d  w i t h  t h e  h e l p  o f  t h e  s e m i - e m p i r i c a l  d i f f u s i o n  e q u a t i o n  

w h i c h  w a s  c o n f i r m e d  w i t h  t h e  s o a k i n g  d a t a  o f  a  l a r g e  n u m b e r  o f  p a d d y  v a r i e t i e s  

b y  t h e  a u t h o r s .  T h e  r e s u l t s  i n d i c a t e d  t h a t  a c t i v a t i o n  e n e r g y  o f  t h e  d i f f u s i o n a l  

p r o c e s s  ( 7 6 5 4  c a l / m o l e  f o r  m o i s t u r e  a b s o r p t i o n  a n d  7 6 0 0  c a l / m o l e  f o r  t h e  

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

Introduction

T h e  a u t h o r s  h a v e  s h o w n  in  e a r l i e r  s t u d i e s  ( B a n d y o p a d h y a y  &  R o y ,  1 9 7 6 ,

1 9 7 8 )  t h a t  a b s o r p t i o n  o f  w a t e r  b y  p a d d y  g r a i n s  d u r i n g  p a r b o i l i n g  a t  e l e v a t e d  

t e m p e r a t u r e s  i n  a  b a t c h  s o a k i n g  o p e r a t i o n  c a n  b e  d e s c r i b e d  b y  a  s e m i - e m p i r i c a l  

d i f f u s i o n  e q u a t i o n .  T h e  v a l i d i t y  o f  t h e  e q u a t i o n  w a s  p r o v e d  u n d e r  s o m e  l i m i t i n g  

c o n d i t i o n s  w i t h  t h e  s o a k i n g  d a t a  o f  a  l a r g e  n u m b e r  o f  p a d d y  v a r i e t i e s  ( B a n 

d y o p a d h y a y  &  R o y ,  1 9 7 8 ) .  I t  w a s  f e l t  t h a t  i n v e s t i g a t i o n s  s h o u l d  b e  f u r t h e r  

c a r r i e d  o u t  t o  o b t a i n  d a t a  o n  m o i s t u r e  i n  s o a k e d  p a d d y  g r a i n s  u n d e r  o p p o s i t e  

c o n d i t i o n s  ( g r a i n s  f u l l y  e x p o s e d  t o  a i r  a t  a  c o n s t a n t  t e m p e r a t u r e  a n d  h u m i d i t y )  

a n d  t o  e l u c i d a t e  t h e  p r o c e s s  o f  d r y i n g  o f  p a r b o i l e d  p a d d y .  T h e  a u t h o r s  b e l i e v e d  

t h a t  t h e  s a m e  d i f f u s i o n  e q u a t i o n  m i g h t  b e  a p p l i c a b l e  i n  c a s e  o f  d e s o r p t i o n  

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

t h e  o b j e c t  o f  c o l l e c t i n g  d a t a  o n  m o i s t u r e  d e s o r p t i o n  f r o m  h o t - s o a k e d  p a r b o i l e d  
p a d d y  g r a i n  a n d  c o r r e l a t i n g  t h e  d i f f e r e n t  v a r i a b l e s  o f  t h e  p r o c e s s .  S u c h  c o r r e l a -

Authors’ address: Department of Chemical Engineering, I.I.T., Kharagpur 721302, India.
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t i o n  m i g h t  b e  u s e f u l  i n  t h e  d e s i g n  a n d  e v a l u a t i o n  o f  c o m m e r c i a l  d r y i n g  e q u i p 

m e n t  f o r  s i m p l e  h o t - s o a k e d  p a r b o i l e d  p a d d y .

T h e  s e m i - e m p i r i c a l  d i f f u s i o n  e q u a t i o n  t e s t e d  b y  t h e  a u t h o r s  ( B a n 

d y o p a d h y a y  &  R o y ,  1 9 7 6 )  is

x  -  xo = ( 2 /  V  tt) ( x s - x0) (S/V) V [ D o e x p ( - £ / R T ) 0 ]  ( 1 )

o r

x  -  Xo =  /cm V  0 (2)

w h e r e

x o  =  i n i t i a l ,  u n i f o r m  m o i s t u r e  c o n t e n t  ( g /g  d r y  b a s i s )  

x  =  a v e r a g e  m o i s t u r e  c o n t e n t  f o r  a  g i v e n  a b o r p t i o n  p e r i o d  ( g /g  d r y  b a s i s ) ,  

x s = e f f e c t i v e  m o i s t u r e  c o n t e n t  a t  t h e  b o u n d i n g  s u r f a c e  a t  t i m e s  g r e a t e r  t h a n  

z e r o  ( g /g  d r y  b a s i s ) ,

S =  e x p o s e d  s u r f a c e  a r e a  o f  a  s o l i d  ( p a d d y  g r a i n )  ( c m 2) ,

V = v o l u m e  o f  a  s o l i d  ( p a d d y  g r a i n )  ( c m 3) ,

D 0 =  d i f f u s i o n  c o n s t a n t  ( i n  A r r h e n i u s  e q u a t i o n )  ( c m 2/ s e c ) ,

E = a c t i v a t i o n  e n e r g y  ( c a l / m o l e ) ,

T = a b s o l u t e  t e m p e r a t u r e  ( ° K ) ,

R  =  g a s  c o n s t a n t  ( c a l / m o l e  ° K )

0 =  a b s o r p t i o n  t i m e  ( s e c ) ,

a n d

=  ( 2 V i r  ) (xs - x „ )  (S/V) V  [ D „  exp(-E/RT)]  8  

o r

km = K V [ e x p ( —£ / R T ) ]  ( 3 )

w h e r e

K = ( 2 / V tt) ( x s - x0) (S/V) V D 0

I n  c a s e  o f  d e s o r p t i o n  o f  w a t e r ,  t h e  t e r m s  (x — x  0)  a n d  (x  s — x  0)  w i l l  c h a n g e  t o  

(x  o — x )  a n d  (x  0 -  x  s ) r e s p e c t i v e l y .

Materials and methods

F o r  p r e l i m i n a r y  w o r k ,  o n e  p a r t i c u l a r  v a r i e t y  o f  p a d d y ,  ( e . g .  J a y a )  w a s  s e l e c t e d  

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

d e s c r i b e d  ( B a n d y o p a d h y a y  &  R o y ,  1 9 7 6 ) .  T h e  t i m e  a n d  t e m p e r a t u r e  o f  s o a k 

i n g  f o r  t h e  v a r i e t y  w e r e  7  h r  a n d  6 5 ° C  a n d  m o i s t u r e  c o n t e n t  o f  t h e  s o a k e d  g r a i n s  

w a s  a r o u n d  0 .5  g /g  d r y  b a s i s .  T h e s e  c o n d i t i o n s  w e r e  f o u n d  t o  b e  t h e  o p t i m u m  

f o r  o b t a i n i n g  a  c o n s i d e r a b l e  ‘d e g r e e  o f  p a r b o i l i n g ’ b y  t h e  h o t - s o a k i n g  m e t h o d  

( B a n d y o p a d h y a y  &  R o y ,  1 9 7 7 ) .  T h e  s t u d y  o n  d e s o r p t i o n  w a s  m a d e  w i t h  a  l a y e r  

o f  h o t - s o a k e d  p a r b o i l e d  p a d d y  o f  o n e  g r a i n  d e p t h  a t  a  c o n s t a n t  t e m p e r a t u r e  a n d
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Figure
square
70°C.

1. Linear relationship between the residual moisture in the grain and the 
root of the desorption period for Jaya variety, x, 40°C; o, 50°C; •; 60°C;

humidity in a conventional thermogravimetric set-up. The air of desired hum id
ity was obtained by bubbling air through distilled water at a particular tem pera
ture in order to saturate it at that tem perature and thereafter heating it electri
cally, to the desired temperature for drying. The air was then allowed to flow  
through the drying chamber at a velocity sufficient to create an approxim ately 
uniform condition for drying in the chamber. The drying tem perature was 
varied from 40 to 70°C and time of desorption was varied for up to 2 hr. The 
relative humidity was kept constant at 60% .

Results and discussion

The residual moisture in the grains during desorption was calculated from the 
moisture content o f the soaked grains and the instantaneous m oisture remained  
in the grains and plotted against the square root o f the time o f desorption. The 
plot o f the variety Jaya, presented in Fig. 1, shows the linearity similar to that 
given by the results o f  the absorption study (Bandyopadhyay & Roy, 1976). It 
suggests that the diffusion equation (2) is applicable in the case o f moisture 
desorption also. The initial data up to 20 min or so were not included for 
analysis on the assumption that there was a time lag for the grains to attain the
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Table 1. Slopes and intercepts of linear 
regression lines

Temperature
(°)

km x 103 
g/g (sec)i

A.v , 
g/g

40 2.594 -0.06
50 2.896 -0.076
60 3.895 -0.1276
70 4.003 -0.077

Paddy variety = Jaya.
Initial moisture content of raw paddy = 
0.149 g/g dry basis.
Average moisture content of soaked 
paddy = 0.508 g'g dry basis.

temperature of the drying chamber just after introduction. On extrapolation  
the lines do not converge to zero value o fx 0 -  x  at zero time but leave intercepts 
w hose values becom e negative, unlike those obtained from the result o f absorp
tion study. This disparity is not clear from the experim ental results. The slopes 
km and intercepts — A/tj were calculated statistically, and presented in Table 1.

To find if an Arrhenius type relationship exists, according to eqn (3 ), log km 
was plotted against the reciprocal o f the absolute temperture (Fig. 2). Two 
features were noted: Firstly, the Arrhenius line, instead o f showing a break as 
observed in the result of absorption study (Bandyopadhyay & Roy, 1976,
1978) showed linearity for the w hole tem perature range, and secondly, the 
value o f activation energy, 76 0 0  cal/m ole, is almost identical with that obtained  
in the lower tem perture region of soaking for the Jaya variety -  7654  cal/m ole 
(Bandyopadhyay & R oy, 1976). T he result evidently indicates that the activa
tion energy of the diffusional process -  both absorption and desorption of

Figure 2. Log km as a function of reciprocal of the absolute temperature for Jaya
variety.
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moisture within the grain -  is independent o f the direction o f migration of 
moisture. Similar phenom ena were observed by B ecker on soaking and drying 
of one particular variety o f wheat (B ecker, 1 9 5 9 ,1 9 6 0 ). The present investiga
tion further confirms the hypothesis propounded by the authors (Ban- 
dyopadhyay & Roy, 1976, 1978) that at tem peratures below  gelatinization  
temperature of rice starch, simple diffusion o f water is predom inent during 
soaking of paddy grains. The sharp change in the value of activation energy due 
to gelatinization process did not occur during diffusive transport o f moisture 
under constant drying conditions.
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The determination of fluorine in coffee and 
tea using a microprocessor coupled with a fluoride 
ion-selective electrode

G. J. M O O D Y , B. O N G , K. Q U IN L A N , A . H. R IA H  a n d  J. D . R. T H O M A S

Summary

The fluoride content of tea and coffee as normally brewed, and after Schoniger 
oxygen flask com bustion, has been determ ined with a fluoride ion-selective  
electrode coupled to a m icroprocessor analyser in two o f its operational m odes. 
U p to forty sam ples per hour can be assayed in the C O N C N  m ode and the 
results com pare favourably with the known addition (K A ) back-up m ode.

Introduction

The fluorine content o f various plants is important in relation to  caries preven
tion studies (Tam acus, Ramsay & Hardwich, 1974) and the toxicity associated  
with environm ental pollution of sugar cane (Louw  & Richards, 1972) and 
forage (L ovelace, M iller & W elkie, 1968) crops near aluminium sm elter and 
phosphate manufacturing plants. The actual fluorine content o f plants rarely 
exceeds 10 ppm dry weight but certain plants, notably ornamental cam ellias 
(Venkateswarlu, Arm strong & Singer, 1965) and teas (Z im m erm an, H itchcock  
& Gwirtsm an, 1957) are natural accum ulators o f fluorine and may contain  
7 9 0 -3 0 6 0  and 7 2 -3 0 0  ppm dry weight o f fluorine respectively. D. toxicarium 
also concentrates the elem ent from a low  fluoride soil environm ent (1 -6  ppm) 
unlike eight other fam ilies o f plants growing in the sam e vicinity (Vickery and 
Vickery, 1972).

This paper describes the application of a fluoride ion-selective electrode  
coupled with a m icroprocessor analyser for the rapid assay of fluorine in five 
brands o f teas and three coffees.

Authors’ address: Chemistry Department, University of Wales Institute of Science and Tech
nology, King Edward VII Avenue, Cardiff CF1 3NU.
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Materials and methods

Preparation o f  tea and coffee samples

Each tea sample ( —5 g) was placed in a teapot ( —700  cm3 capacity), boiling, 
deionised water was added to the brim and the w hole stirred for 20 sec. A fter  
the requisite infusion (brewing) period of 2, 3 or 5 min, the contents were 
rapidly strained into a large beaker, cooled  and made up to 1 dm3. Five separate 
aliquots (25  cm3) were mixed 1:1 (v/v) with TISA B  (Total Ionic Strength 
Adjustm ent Buffer) for the analyses.

Tea bags were weighed and similarly infused and finally the paper only dried 
and weighed after discarding the tea leaves. The instant coffee sample ( —4 g) 
was stirred into boiled water ( —500  cm3), cooled  and made up to 1 dm3. Again  
five separate aliquots were diluted 1:1 (v/v) with T ISA B  prior to fluoride 
analysis.

Schoniger oxygen flask combustion

This remarkably sim ple technique for the decom position o f many organic 
substances involves their com bustion on a platinum gauze with oxygen in a 
sealed container (Schoniger, 1955). The reaction products are absorbed in an 
appropriate solution before the reaction vessel is opened for analysis o f the 
contents.

Six sam ples o f each brand of coffee or tea ( —25 mg) were com busted in a 
closed flask pre-flushed with oxygen and containing T ISA B (50  cm3). The 
contents were periodically shaken for 30 min and finally diluted 1:1 (v/v) with 
deionised water.

Standardization and measurement procedures

Standard fluoride solutions were m ade from A R  stock 10“ ‘M potassium  
fluoride by serial dilution with deionised water and treated (1:1 v/v) with 
T ISA B  comprising sodium chloride (1M ), acetic acid (0 .25M ), sodium acetate 
(0 .75M ) and decom plexing sodium citrate agent (1 0 ”3M).

A n Orion fluoride ion-selective electrode m odel 9 4 -0 7  was used for all em f 
m easurem ents at 2 5 °± 0 .1 °C  with an Orion Ionalyser/901 m eter (M oody & 
Thom as, 1979a). The Orion 9 0 -2 0 -0 0  double junction reference electrode  
contained ammonium nitrate (4M ) in the outer chamber.

The programs of the m icroprocessor based Orion Ionalyser/901 m eter are 
based on a set o f input data, that is, em f, a standard concentration and a slope
(S) and are stored in read-only m emory. The parameters required to solve the 
associated equations are fed to the microprocessor by three push-buttons and 
three thum b-w heel switches and the results read directly from the L E D  display 
(M oody & Thom as, 1979a). The instrument was used in two o f its eleven m odes 
using the sam e type of sample (Tables 1 and 2).
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Table 1. Typical procedure for fluoride assay in the CONCN MODE of the Orion 
Ionalyser/901 meter

Operation
LED
display Comments

(A.) Place electrodes in
standard 5 x 10 3M F'/TISAB 
Set STD VALUE to 100.000 
Set MODE to CONCN 
Set SLOPE to -55.70 
Push CLEAR/READ MV
button -26.4 Value is electrode potential

in absolute mV of the 
standard fluoride

(B.) Push SET CONCN button 100. Potential of -26.4 mV of
standard 5mM F- is stored 
in memory and meter is now 
ready for repeated sample 
measurements (See C)
The 100. LED value relates 
to the F-/TISAB standard and 
the SET CONCN button represents 
the standard value 
exactly as entered in A

LED relates to sample by 
eqn (2). i.e.

225 .225 x 5 x IQ-3
100.000 = 1.125 x 10“5M

(C.) Remove electrodes, wash 
with deionised water, blot 
and immerse in the tea/ 
TISAB analate (25 cm3)

(D.) Push CLEAR/READ MV button 116.0
This value would classically 
be related to [sample] using 
an emf vs [F _] calibration 
which in this connection is 
about 10_5M F-
Normally, of course, operation D 
is omitted but is shown here as 
a check on the microprocessor 
value.

23
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Table 2. Typical procedure for fluoride assay in KA/10 Mode of the Orion Ionalyser/901 meter

LED
Operation display Comments

(A.) Place electrodes in stirred 
analate from Table 1.
(Vo = 25 cm3).

Set STD VALUE to 1.000
Set MODE to KA/10
Set SLOPE to -55.70
Push CLEAR/READ MV 116.0
button

(B.) Push SET CONCN button 1.00
1.42
1.65
1.65 

-3.74

(C.) Spike with 8.9 x 10 5M .961
F/TISAB (2.5 cm3) .718

.128

(D.) Push CLEAR/READ MV button 104.4

This potential = Ei.

The sample [F~] ~10_5M is 
deduced from the CONCN mode and, of 
course, from the calibration plot 
to find S. Thus KA/10 mode chosen 
requires a fluoride/TISAB spike of 
10 x C0, i.e. Q  = lO"4 M and Vs 
must be Vo/10. i.e., 2.5 cm5.

The STD VALUE relates to the 
standard spike, i.e., 10~4M.

Ei now stored and number set on STD 
VALUE is displayed. Microprocessor 
then attempts a calculation but until 
the spiking is actually made (see C) 
the calculated values are quite erratic 
as shown

Some of the many calculated values 
displayed during spiking stage.
The reading is updated every 0.5s 
and rapidly stabilised (~10s) after 
spiking terminates.
The final LED desplay relates to 
sample by

Co = 0.128 x 8.9 x IQ-5 
1.000 

= 1.14 x 10_5M

This is E2 and AE = 11.6 mV. 
Substituting in eqn (3) gives 
C0 = 1.14 X 10-5M. This calculation 
is really unecessary but again offers 
a check on the microprocessor value.
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U se o f the m icroprocessor-based m eter considerably simplified concentra
tion determ inations which are otherwise often determ ined from calibration 
plots o f em f vs log concentration of standards or by the known addition 
technique which involves the tedious use of an exponential equation.

Standard calibration (CONCN) mode

The program for direct determ inations is based on:

E\ =  Constant -  S log[F] (1)

where E 1 is the em f solicited by the non-spiked solution of unknown concentra
tion Co and S the slope factor, 2 .303R T /F , determ ined daily from electrode 
calibrations with a series o f fluoride/TISA B  standards. This slope factor which 
was pre-set by thum b-nail switches rem ained remarkably stable ( ±  0.2 m V  
decade-1 or better) during any one day.

The fluoride-reference electrode pair was first im m ersed in a magnetically 
stirred standard fluoride/TISA B  (5 x  10~3M) and the operational sequences  
listed in Table 1 follow ed for any analate (see C). The perform ance of the 
electrochem ical cell was periodically checked with the 5 x  10_3M standard 
using the C L E A R /R E A D  M V button.

Sample concentrations relate to the L E D  (L ight-em itting d iode) display by:

where L E D  display is the number calculated on the basis o f the particular 
program chosen; standard fluoride is the concentration (units in ppm, m eq or 
mol dm -3) o f the standard (here 5 x  10 -3M) and STD V A L U E  is the pre
selected number (for convenience chosen as 100 .000 , for exam ple). B oth the 
standard fluoride and STD V A L U E  numbers are fed (like the M O D E ) to the 
901 m eter by sim ple thum bwheel action before any analysis run.

Known addition (KA) mode
This spiking technique is based on only two em f m easurem ents using the 

actual sam ple from the CO N C N  run, the first value, E i, being for a known  
volum e (F 0) but unknown concentration (C0). A fter spiking with a more 
concentrated fluoride standard (C  s), o f volum e, V s, the final em f, E 2, is 
recorded, when:

The 901 m icroprocesser preprogrammed with eqn (3) corrects for the volum e  
change and again the fluoride, C0, is easily found from eqn (2) (Table 2).

[Fluoride A nalate] =
(L E D  display) x  [Standard fluoride] 
STD V A L U E (2)

C0 =  (E 2 -  E,)/S 
10 (3)
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Results and discussion

The Schoniger oxygen flask technique (Schoniger, 1955) probably offers the 
most efficient preliminary treatment developed for fluorine assays of vegetable  
matter to date (Levaggi, Oyung & Feldstein, 1971). A  com plete assay is 
feasible within 30 min com pared with at least 4 hr for a sodium hydroxide fusion 
(Baker, 1972) and about 2 hr for a sodium hydroxide-zinc oxide fusion (Louw  
& Richards, 1972). M oreover, the quantity o f sam ple, reagents and especially  
general laboratory ware is drastically reduced. Accordingly, the technique has 
been em ployed in this work for total fluorine.

The analysis for total fluorine and inorganic fluoride ions in teas and instant 
coffees using two operational m odes of the Orion microprocesser m odel 901 is 
shown in Table 3. Evidently, tea is much richer in fluoride than coffee; cocoa is 
also relatively poor in this elem ent (Kakabadse et al., 1971).

Most dry teas contain 10 to 300  ppm fluoride on the basis of various infusion  
techniques but the fluoride found in the young and older leaves o f the same 
cam ellia plant varies widely (Zim m erm an et al., 1957). Singer (1967) dem ons
trated that the extracted fluoride in their infusions was probably ionic rather 
than bound. The fluoride electrode only responds to free, that is, ionic fluoride, 
but the infusion values (Table 3) need not reflect the total ion, F~, species owing  
to the presence o f aluminium and iron in teas and the use of TIS A B  for analy sis.

H owever, m onofluoroacetate, fluorocitrate, w -fluorooleate and
oo-fluoropalmitate (Vickery & Vickery, 1972; Lovelace et al., 1968; Ward, Hall 
& Peters, 1964) have been detected in plants and at concentrations depending  
on specific plant organs. Vickery & Vickery (1 9 7 2 ) detected m onofluoroace
tate in the leaves o f D. toxicarium  whereas Warder al., (1 9 6 4 ) detected neither 
organofluorine nor inorganic fluorine in the same tissue of that plant. Organo- 
fluorine is also concluded to be absent from tea (Zim m erm an et al., 1957; 
Peters & Shorthouse, 1964; Kakabadse et al., 1971) which conflicts with the 
results of Schoniger flask com bustions (Table 3) and the assay o f tea leaves, 
which rose about threefold after ashing at 800°C (Stuart, 1970). H ow ever, 
Peters & Shorthouse (1 9 7 2 ) subsequently detected fluorocitrate in commercial 
tea using the more sensitive GLC (gas liquid chrom atography) technique.

The main purpose of this work was to assess the utility o f the m icroprocessor 
for the rapid potentiom etric assay o f fluoride present in beverages as com m only  
brewed. H ow ever, som e further runs were conducted by repeated second, 
third, fourth and fifth infusions with 700  cm3 o f boiling deionised water each for 
2 min on the tea leaves strained from the primary 2 min infusion with the 
G lengettie tea product (Table 3). The extra fluoride extracted (using the 
C O N C N  m ode) was 19.8%  of the total after these two further infusions 
com pared with 14.4%  after just the one infusion (Table 3). Corresponding 
values using a T ISA B  with 0 .25  M citrate were 21 .9  and 16.7%  respectively. N o  
sensible fluoride could be detected in the fourth or fifth infusate using either  
T ISA B  reagent.

Only 12-16%  of the total fluoride in the five brands o f teas, and even less in
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the coffees, is detected  potentiom etrically in the on e-off infusates. Any soluble  
organofluorine com pounds extracted by infusion will of course remain unde
tected but realistic levels of the toxic m onofluoroacetate and fluorocitrate 
com pounds can be discounted. The absence of organic fluorine in a tea contain
ing 150 ppm fluorine prompted Peters & Shorthouse (1 9 6 4 ) to com m ent This is 
of course consistent with the fact that many persons drink large amounts of tea 
daily without harm’. This statem ent is still valid despite the detection o f about 
30 ppm of fluorocitrate in tea by GLC and Peters & Shorthouse (1972) 
concluded that ‘an average person drinking eight cups o f tea daily would only be 
taking 3.4 p,g kg~' which is far from atox ic  dose taken orally’ . Further investiga
tions are being made to identify this non-infusion fluoride fraction in teas and 
coffees.

Table 3 lists the fluoride extracted from teas and coffees as a function o f time. 
Singer, Armstrong & Vatassery (1 9 6 7 ) found the maximum fluoride to be 
extracted from Lipton tea bags after 6 min o f brewing. Duckworth & D uck
worth (1 9 7 8 ) found fluoride to be rapidly released into the infusion, a plateau  
being reached for most tea brands in 4 to 8 min. U lvestad (1 9 7 3 ) measured the 
extraction o f fluoride from tw enty-one different brands of tea after 1, 2 and 3 
min infusion periods, and except in four instances, the quantities increased  
during these times. A  similar trend is evident in the present work, the inorganic 
fluorine values for brewed teas corresponding to ~  1 -2  ppm (Table 3).

It is interesting that fluoride levels in other tea brews also range from 1-2  
ppm (U lvestad, 1973; Zimmerman et al., 1957) which is essentially that 
recom m ended for fluoridation of potable water supplies. Fluoride in beverages, 
especially tea, provides an important source of dental plaque fluoride 
(Tamacus, et al., 1974) and the ability o f plaque to take up and store fluoride 
would then be beneficial and may maintain an almost continuous availability of 
fluoride ions (Levine, 1976). D ietary fluorine provided by cam ellia or tea 
leaves was cariostatic in the case o f Wistar rats, and G ershon-C ohen & M cLen
don (1 9 5 7 ) posed the question ‘why are healthy (hum an) teeth not more 
prevalent in tea drinking countries?’. The fluoride com plexation reactions in 
tea, e.g. Pi A IF 2+ =  106'13, could be a contributory factor since aluminium and 
iron in one com mercial tea averaged 2 mg g-1 and 2.8 mg g-1 respectively  
(Vickery & Vickery, 1976). Such com plexes would not seriously interfere with 
the potentiom etric assay (Tables 1 and 2) owing to the decom plexation function  
of T ISA B . Flowever, the fluorocom plexes which exist in the tea as actually 
consum ed would detract from the cariostatic benefit normally conferred by the 
‘free’ fluoride ion provided by, say, sodium fluoride mouth rinses (M oody & 
Thom as, 1979b).

The m icroprocessor ionalyzer/901 m eter greatly facilitates the use o f ion- 
selective electrodes (M oody & Thom as, 1979a), the C O N C N  m ode being  
particularly useful and forty sam ples per hour can be easily processed. Results 
with the back-up K A m ode are com parable but o f course involve an extra time 
consum ing spiking stage.



Fluorine in tea and coffee 343

References

Baker, R.C. (1972) Anal. Chem., 44, 1326,
Duckworth, S.C. & Duckworth, R. (1978) Brit. dent. J., 145, 368.
Gershon-Cohen, J. & McLendon, J.F. (1957) J. Albert Einstein med. Cent., 5, 153. 
Kakabadse. G.J.. Manohin, B., Bather, J.M., Weller, E.C. & Woodbridge, P. (1971) Nature, 

Lond., 229, 626.
Levaggi, D.A., Oyung, W & Feldstein, M. (1971) 7. Air Pollut. Control Ass. 21, 277.
Levine, R.S. (1976) Brit. dent. J., 140, 9.
Louw, C.W. & Richards. J.F. (1972) Analyst, 97, 334.
Lovelace, J., Miller, G.W. & Welkie, G.W. (1968) Atmos. Environ. 2, 187.
Moody. G.J. & Thomas, J.D.R. (1979a) Lab. Bract., 28, 125.
Moody, G.J. & Thomas, J.D.R. (1979b) Ion-Selective Electrode Revs., 1, 187.
Peters, R.A. & Shorthouse, M. (1964) Nature, Lond., 202, 21.
Peters, R.A. & Shorthouse, M. (1972) Phytochem., 11, 1337.
Schoniger, W. (1955) Mikrochim. Acta, 123.
Stuart, J.L. (1970) Analyst, 95, 1032.
Singer, L., Armstrong, W.D. & Vatassery, G.I. (1967) Econ. Bot., 21, 285.
Tamacus, J.C., Ramsay, A.C. & Hardwick, J.L. (1974) Brit. Div. I.A.D.R. Abstract, No. 179. 
Ulvestad, H. (1973) Norsk. Tannlaegfn. Tidsskr., 83, 495.
Venkateswarlu. P.. Armstrong. W.D. & Singer. L. (1965) Plant Phvsiol., 40, 255.
Vickery, B. & Vickery, M.L. (1972) Phytochem, 11, 1905.
Vickery, B. & Vickery. M.L. (1976) Analyst, 101, 445.
Ward, P.E.V., Hall, R.J. & Peters, R.A. (1964) Nature, Lond., 201, 611.
Zimmerman, P.W., Hitchcock, A.E. & Gwirtsman, J.W. (1957) Contr. Boyce Thomson Inst. 

Plant Res., 19, 49.

(Received 7 November 1979)



J. Fd Technol. (1980) 15, 345-349

Technical note: On the equivalence of 
isotherm equations

R. B O Q U E T ,** J. C H IR IF E t a n d  H. A . IG L E SIA St

Introduction

The m athem atical description o f the water sorption isotherm s o f foods has been  
the subject of various studies in recent years (Chirife & Iglesias, 1978; B oquet, 
Chirife & Iglesias, 1978, 1979).

R ecently, van den B erg & Bruin (1 9 7 8 ) presented an excellent review  on  the 
theoretical aspects o f aw estim ation in food  system s. A s part o f that study, the 
authors went through the literature and found more than seventy-five isotherm  
equations which were grouped according to  their origin. V an den Berg & Bruin
(1 9 7 8 ) and Chirife & Iglesias (1 9 7 8 ) noted  that, upon rearrangem ent, som e  
isotherm  equations were found to be identical for fitting purposes.

It is the purpose of the present work to  report on the m athem atical equival
ence found betw een  ‘apparently’ different isotherm  equations. A s far as we 
know m ost of these reported equivalences have not been  noted in the literature. 
This analysis was perform ed on the basis o f  the useful list of m ore than 
seventy-five equations com piled by van den Berg & Bruin (1 9 7 8 ).

Results and discussion

The follow ing notation will be used throughout this work:

aw = pipo =  water activity 
M  =  equilibrium m oisture content, dry basis 
M ' =  equilibrium m oisture content, w et (total) basis 
T =  tem perature
Mm =  m onolayer m oisture content, dry basis

Authors’ addresses: *Departamento de Fisica, and Departamento de Industrias, Facultad de 
Ciencias Exactas y Naturales, Universidad de Buenos Aires, Ciudad Universitaria, Núñez 1428 
Buenos Aires, Argentina.

ÍMember of Consejo Nacional de Investigaciones Científicas y Técnicas de la República 
Argentina.
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All equations analyzed were explicitly written in one of two forms, M  =  /  (K, 
aK) or aw = g (M , K), where K is a parameter vector. Only equations with K 
com ponents less than 4 were considered in this study

(1) Equivalence o f  Hailwood & Horrobin (1946), Anderson (1946), Anderson 
& Hall (1948), Anderson (1946, variant) and Gascoyne & Pethig (1977) 
equations

H ailwood & H orrobin’s (1 9 4 6 ) equation may be written

—  =  —  + (3 +  y flw 
M  flw

The other equations may be rearranged as follows: 
Andersen (1 9 4 6 ),

J_ =  1___  J _  (C  -  2) K(1 -  C)

M  CK M ma v CMm C M m

Anderson & Hall (1 9 4 8 ),

_1_ =  J   J _  (C  -  2A ) A 2 -  A  C

M CMm flw +  CMm CMm

Anderson (1 9 4 6 , variant),

1_____ 1____ J _  C -  A  -  1 A (1 -  C)

M ~ C M m aw CM m CMm

G ascoyne & Pethig (1 9 7 7 ),

1_ =  1_______1_ (C  -  2K ) | K (K -  C)
M  CK M m flw CK M m C K M m

( 1)

( 2)

(3)

(4)

(5)

(2) Equivalence o f Bradley (1936), Hoover & Mellon (1950), Chung & Pfost
(1967) and simplified Chen’s (Chen & Clayton, 1971) equations

Bradley’s (1 9 3 6 ) equaiion may be written

In aw =  A B M (6)

The other equations may be rearranged as follows:
H oover & M ellon (1950),

—  ( -l~ ) MIn aw =  k  \ e  Mm /  (7)

The equivalence of Chen’s simplified equation (Chen & Clayton, 1971) and 
Chung & Pfost (1 9 6 7 ) with Bradley’s (1 9 3 6 ) one, had been already shown by 
Chirife and Iglesias (1978).



(3) Equivalence o f  Smith’s (1946), Peirce’s (1929) and Peirce’s with correction 
term (1929), equations

Smith’s (1946) equation may be written

M  =  a  +  p in  (1 — aw) (8)

Peirce’s (1 9 2 9 ) and Peirce’s with correction term (1 9 2 9 ) may be rearranged 
and written as follows:

Isotherm equation 347

M = M m -  ln ( !  - a w)

In (1 — K\ M m) +  K2 M m
1

K 2
In (1 - a j

(9)

( 10)

(4) Equivalence o f  Chen’s (1971) and De Boer &  Zwikker (1929) equations 

Chen’s (1 9 7 1 ) may be written,

In aw =  a  +  p exp (yM ) (11)

D e B oer & Zwikker’s (1929) equation may be rearranged as

In aw =  In /C  +  K2 exp j  ~ ~  M 1 (12)

(5) Equivalence o f  Dole’s (1948), Tester (1946) and De Boer’s (1953) equations 

Tester’s (1 9 4 6 ) equation may be written  

K
M  =

1 aw 

D o le’s (1 9 4 8 ), 

K
M  =

1 - « w

and D e B oer’s (1 9 5 3 ),

M  =
1 -  ûu

(15)

(16)

(17)

(6) Equivalence o f McGavack Jr &  Patrick’s (1920) and Freundlich’s (1926) 
equations

M cGavack Jr & Patrick’s (1 9 2 0 ) equation is, 

M  =  8 1,n K (aw) 1/n (19)
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Freundlich (1926) is,

M = C aw1,n (20)

(7) Equivalence of White & Erying’s (1947) and Fuggasi & Ostapchenco (1959) 
equations

W hite & Eyring (1 9 4 7 ) equations may be written as,

M  =
K

Fuggassi & O stapchenco’s (1959) may be rearranged as

K 3 , k 2 k 2
------ b ----  — ---- Cl
K, K, K

The different parameters originally proposed in som e o f the various equa
tions may have had different m eanings providing physico-chem ical inform ation  
on the sorption process on the assumption o f a proposed m odel. Flowever, for 
fitting purposes the equations are identical and know ledge of a parameter 
vector Ki in a 1 — form unam biguously determ ines the parameter vector Ki in 
any other i — form.
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Technical note: Quality retention of unblanched frozen 
vegetables by vacuum packing.

II. Asparagus, parsley and celery

E. ST E IN B U C H

It has been known for a long time that vegetables for freezing have to be 
blanched sufficiently, in order to obtain an acceptable shelf-life by the proper 
inactivation o f deteriorative enzym es. Several workers have shown that there is 
a relation betw een the level of peroxidase and other enzym es and deterioration  
during storage (Baardseth, 1978). It has been suggested earlier, that the quality 
of unblanched frozen vegetables might depend on the activity o f oxygen- 
depending enzym es (Aylward & Haisman, 1969), and consequently the elim i
nation o f oxygen by vacuum packing might be advantageous. The system  of 
vacuum packing can prolong the shelf life of unblanched frozen mushroom  
from 2 weeks to 3 months (Steinbuch, 1979). This can be considered as an 
evidence o f the importance o f oxygen in frozen plant tissues. H ow ever, the 
evacuation of packages as an alternative for frozen spinach indicate rather 
negative results (Birnbaum et al., 1979), possibly due to other enzym e systems 
being operative.

In continuation to the work on m ushrooms, experim ents have been carried 
out with the vacuum packing o f som e unblanched vegetables. In Table 1 the 
results are sum m arized, in regard to the observed shelf-life of normally packed  
or vacuum -packed unblanched asparagus, parsley and celery.

The data of the Table indicate the favourable effect o f vacuum packaging on 
quality retention o f unblanched vegetables, resulting in a longer shelf life, 
depending on the product concerned. Enzym es in the peel o f asparagus prob
ably effect the quality retention o f the unblanched frozen product. Vacuum 
packing of both peeled  and un-peeled  asparagus can slightly inhibit the 
developm ent of off-flavours.

The unblanched leaves of parsley appear to possess better frozen storage 
properties than those of celery. Vacuum packing can contribute to a prolonged  
maintenance o f the original flavour o f the leaves o f these herbs. Both flavour 
and colour o f sliced celeriac is preserved by vacuum packing for 1 month.

Authors' address: Ir E. Steinbuch, Sprenger Institute, Wagenmgen, The Netherlands
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352 E. Steinbuch

Table 1. The effect of vacuum packing on the shelf-life of unblanched frozen 
vegetables

Pretreatment Asparagus
Peeled Non-peeled Parsley

Celery
leaves

Celeriac
tuber

Normally 3 months 1 week 2 weeks 1 week < 1 week
packed

Vacuum-packed 4 months 2 weeks 3 months 1 month 1 month
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Technical note: The effect of heat shocks on quality 
retention of green beans during frozen storage

E. ST E IN B U C H

In continuation to  the experim ents on vacuum packing o f unblanched veget
ables for freezing, attention has been paid to the technological possibilities of 
this treatm ent for green beans. The application o f evacuation as an alternative 
to blanching gave disappointing results for spinach (Birnbaum et al., 1979). The 
vacuum packing o f other unblanched vegetables, depending on the type of 
product concerned, can prolong to som e extent tenability during frozen stor
age (Steinbuch, 1979, 1980). Quality retention of unblanched frozen green  
beans can be prolonged from approxim ately 2 to 10 weeks (Table 1), but this 
also appears to depend on the variety o f the raw material.

H ow ever, the application of vacuum treatm ents unfortunately does not 
contribute to stabilization o f chlorophyll, for colour changes are comparable 
with those o f the non-treated product (Table 1). Based on these observations, 
attention has been paid to the application of very short heat shocks, in order to  
inactivate chlorophyll converting enzym es in the surface o f green beans, w ith
out damaging the structure o f the tissue. The results o f the experim ent are 
summarized in the table.

A n ultra-short heat treatm ent, by soaking the green beans for 10 sec in a 
plentiful amount o f boiling water, follow ed by rapid cooling, can decrease 
colour deterioration, resulting in an appearance of the end product, visually 
evaluated as betw een  the unblanched and normally blanched beans. H ow ever, 
the fact has to be em phasized, that the colour of the heat-shocked beans 
resem bles remarkably that o f the fresh prepared product. The heat shock  
process prolonged unexpectedly the quality retention of frozen green beans, 
especially when this treatment was com bined with a preceeding evacuation  
treatment and subsequent vacuum packing.

The quality characteristics of frozen green beans, being exposed to the above  
m entioned com bination of treatments, resem ble those o f the freshly cooked  
produce, due to the m aintenance o f the crisp firm texture and the retention of 
the natural flavour and colour.

Authors’ address: Ir E. Steinbuch, Sprenger Instituut, Wageningen, The Netherlands 
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M o r e o v e r ,  t h e  r e s u l t s  o f  t h e s e  e x p e r i m e n t s  i n d i c a t e  t h e  o x y g e n - d e p e n d e n c e  

o f  t h e  a c t i v i t y  o f  e n z y m e s ,  w h i c h  a r e  h a r m f u l  t o  t h e  q u a l i t y  o f  u n b l a n c h e d  

f r o z e n  v e g e t a b l e s .
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Book reviews

Developments in Sweeteners. 1. E d .  C .  A .  M .  H o u g h ,  K .  J .  P a r k e r  a n d  
A .  J .  V l i t o s .

L o n d o n :  A p p l i e d  S c i e n c e  P u b l i s h e r s ,  1 9 7 9 .  P p .  x i i  +  1 9 2 .  I S B N  0  8 5 3 3 4  8 2 0  0 .  

£ 1 5 . 0 0 .

T h i s  b o o k  i s  a n o t h e r  c o n t r i b u t i o n  f r o m  t h e  ‘ D e v e l o p m e n t  S e r i e s ’ w h i c h  s e t s  o u t  

t o  b r i n g  s w e e t n e s s  a n d  s w e e t e n e r s  t o  b o t h  p u b l i c  a n d  i n d u s t r i a l  a t t e n t i o n .  I t  

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

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

t i v e s  a n d  t h e  p r e c a r i o u s  p o s i t i o n  o f  s a c c h a r i n .  T h e  b o o k  c o n s i s t s  o f  s e v e n  

c h a p t e r s  c o v e r i n g  a  s p e c t r u m  r a n g i n g  f r o m  a  r e v i e w  o f  t h e  m o s t  c o m m o n  

s w e e t e n e r  s u c r o s e  t h r o u g h  t o  t h e  m o r e  n o v e l  p r o t e i n  s w e e t e n e r s  a n d  c o n c l u d e s  

w i t h  a  c h a p t e r  o n  s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p s  a s  a p p l i e d  t o  t h e  s w e e t n e s s  

r e s p o n s e .

C h a p t e r  O n e  c o n t a i n s  s o m e  i n t e r e s t i n g  b u t  f a i r l y  e l e m e n t a r y  i n f o r m a t i o n  o n  

t h e  h i s t o r y ,  p r o d u c t i o n ,  c o n s u m p t i o n  a n d  n u t r i t i o n a l  a s p e c t s  o f  s u c r o s e .  C h a p 

t e r  T w o ,  w e l l  p r e s e n t e d  a n d  w i t h  a  u s e f u l  i n t r o d u c t i o n  t o  n o m e n c l a t u r e ,  s e t s  o u t  

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

P a r t i c u l a r  a t t e n t i o n  is  p a i d  t o  r e c e n t  d e v e l o p m e n t s  i n  s y r u p  p r o d u c t i o n  a n d  

t h e i r  e v e r  i n c r e a s i n g  r o l e  a s  f o o d  c o m p o n e n t s .  C h a p t e r s  T h r e e ,  F o u r  a n d  F i v e  

r e v i e w  t h e  c a r b o h y d r a t e  p o l y h y d r i c  a l c o h o l s ,  p r o t e i n  a n d  d i p e p t i d e  s w e e t e n e r s  

r e s p e c t i v e l y .  A l l  o f  t h e s e  a r e  w e l l  e s t a b l i s h e d  a r e a s  o f  s w e e t e n e r  r e s e a r c h .  

C h a p t e r  T h r e e  d e a l s  w i t h  m a n n i t o l ,  m a l t i t o l ,  s o r b i t o l  a n d  x y l i t o l ,  n o t  s o  m u c h  a s  

h i g h  i n t e n s i t y  s w e e t e n e r s  b u t  a s  s w e e t e n i n g  a g e n t s  w i t h  o t h e r  f e a t u r e s  s u c h  a s  

l o w  c a r i o g e n i c i t y  a n d  l o w  c a l o r i f i c  v a l u e s ,  t w o  p r o p e r t i e s  m u c h  s o u g h t  a f t e r  i n  

t h e  i d e a l  s w e e t e n e r .  T h e r e  h a s  b e e n  i n t e n s i v e  w o r k  c a r r i e d  o u t  i n  t h e  l a s t  

d e c a d e  o n  t h e  s t r u c t u r e  a n d  p r o p e r t i e s ,  s t r u c t u r a l  m o d i f i c a t i o n  a n d  p o t e n t i a l  

c o m m e r c i a l  a p p l i c a t i o n s  o f  n o v e l  p r o t e i n  s w e e t e n e r s  s u c h  a s  t h a u m a t i n  a n d  

m o n e l l i n  a n d  C h a p t e r  F o u r  p r o v i d e s  a  c o m p r e h e n s i v e  r e v i e w  o f  t h i s  w o r k  a n d  

o f  t h e i r  h i s t o r y .  T h e  s y n t h e s i s  a n d  p r o p e r t i e s  o f  a s p a r t a m e ,  t h e  d i p e p t i d e  

s w e e t e n e r ,  a r e  r e v i e w e d  in  C h a p t e r  F i v e  b y  M a z u r  a n d  R i p p e r  w i t h  a n  o p t i m i s 

t i c  o u t l o o k  f o r  i t s  f u t u r e  a s  a  c o m m e r c i a l  s w e e t e n e r .

D r .  C r o s b y  h a s  m a d e  a  p a r t i c u l a r l y  n o t a b l e  c o n t r i b u t i o n  t o  t h i s  t e x t  o n  t h e  

l e s s  c o m m o n  s w e e t e n e r s .  H e  i s  w e l l  k n o w n  f o r  h i s  e x c e l l e n t  w o r k  o n  d i h y d -  

r o c h a l c o n e  s w e e t e n e r s  a n d  h a s  i n c l u d e d  t h e s e  i n  t h e  s e c t i o n  o n  s y n t h e t i c  

c o m p o u n d s  r e v i e w e d  a s  p o s s i b l e  a l t e r n a t i v e s  t o  s u c r o s e .  H e  h a s  a l s o  d i s c u s s e d  

s o m e  n a t u r a l l y  o c c u r i n g  s u b s t a n c e s  s u c h  a s  g l y c y r r h i z i n  a n d  p h y l l o d u l c i n .
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T h e  c o n c l u d i n g  C h a p t e r  t o  t h i s  b o o k  is  d e v o t e d  t o  t h e  t h e o r y  o f  s w e e t n e s s  

a n d  d i s c u s s e s  t h e  s t e r e o c h e m i c a l  f e a t u r e s  o f  c a r b o h y d r a t e s  a n d  t h e i r  d e r i v a 

t i v e s  w h i c h  c o n t r i b u t e  t o  t h e i r  f u n c t i o n a l  p r o p e r t i e s .  T h e  a u t h o r s  a l s o  d i s c u s s  

t h e  t e m p o r a l  a s p e c t s  o f  t a s t e  w h i c h  u n t i l  r e c e n t l y  h a v e  b e e n  g i v e n  l i t t l e  a t t e n 

t i o n  in  t h e  l i t e r a t u r e .  T h e y  a l s o  p r o p o s e  a n  i n t e r e s t i n g  h y p o t h e s i s  i n  t h e  

c h e m o r e c e p t i o n  o f  s u g a r s ,  a  s o  c a l l e d  ‘o r d e r l y  q u e u e ’ m e c h a n i s m .

T o  s u m  u p ,  t h e  b o o k  i s  a  v a l u a b l e  s o u r c e  o f  i n f o r m a t i o n  a n d  i s  w r i t t e n  i n  a n  

e a s y - t o - r e a d  f o r m .  T h e  t e x t  i l l u s t r a t e s  r e c e n t  d e v e l o p m e n t s  a n d  t h e o r i e s  i n  

s w e e t e n e r  r e s e a r c h  a n d  i t  w i l l  p r o v e  a  u s e f u l  r e f e r e n c e  v o l u m e  f o r  s c i e n t i s t s  

w o r k i n g  in  t h e  f i e l d .

S. Z. Dziedzic

Cooling, Freezing, Storage and Transport. Biological and Technical 
Aspects.
P a r i s :  I n s t i t u t  I n t e r n a t i o n a l  d e  F r o i d .  1 9 7 8 .  P p .  4 5 4 .  F F  8 0 .

T h i s  v o l u m e  c o n t a i n s  t h e  t e x t  a n d  d i s c u s s i o n  o f  a  t o t a l  o f  f i f t y  p a p e r s  p r e s e n t e d  

a t  B u d a p e s t  o n  t h e  o c c a s i o n  o f  t h e  m e e t i n g  o f  t h e  C o m m i s s i o n s  o n  F o o d  

S c i e n c e  a n d  T e c h n o l o g y  o n  R e f r i g e r a t e d  S t o r a g e  a n d  o n  R e f r i g e r a t e d  L a n d  

T r a n s p o r t  o f  t h e  I n t e r n a t i o n a l  I n s t i t u t e  o f  R e f r i g e r a t i o n .  T h e  w i d e  r a n g e  o f  

s u b j e c t s  i s  d i v i d e d  i n t o  e i g h t  s e c t i o n s ,  n a m e l y  c h i l l e d  s t o r a g e  o f  f r u i t  ( f i v e  

p a p e r s ) ,  e v a l u a t i n g  t h e  q u a l i t y  o f  c h i l l e d  a n d  f r o z e n  f o o d s  ( t e n  p a p e r s ) ,  p r e 

c o o k e d  f o o d s  ( s e v e n  p a p e r s ) ,  f r e e z i n g  a n d  t h a w i n g  t e c h n i q u e s  ( f o u r  p a p e r s ) ,  

d i s p l a y  c a s e s  f o r  f r o z e n  f o o d s  ( t h r e e  p a p e r s ) ,  c o l d  s t o r a g e  o p e r a t i o n  ( f i v e  

p a p e r s ) ,  e n e r g y  c o n s e r v a t i o n  in  r e f r i g e r a t e d  s t o r a g e  ( s e v e n  p a p e r s )  a n d  r e f r i g 

e r a t e d  t r a n s p o r t ,  c h o i c e  o f  e q u i p m e n t ,  m e t h o d s  o f  t e s t i n g ,  t e m p e r a t u r e  c o n t r o l  

( n i n e  p a p e r s ) .

W i t h  t h e  a c c e n t  o n  f o o d  t e c h n o l o g y  o n l y  a  f e w  h e a d i n g s  c a n  b e  m e n t i o n e d .  

H o w e v e r ,  t h e  r e a d e r  s h o u l d  in  n o  w a y  f e e l  d i s c o u r a g e d  t o  e x p l o r e  t h e  c o n t e n t  o f  
o t h e r  s e c t i o n s .

E x p e r i m e n t s  r e p o r t e d  f r o m  R u m a n i a  d e a l  w i t h  t h e  s t o r a g e  o f  a p p l e s  a n d  

a p r i c o t s .  F r e n c h  w o r k e r s  h a v e  e x p l o r e d  t h e  s t o r a g e  o f  a p p l e  s l i c e s  a n d  o f  

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

p i n e a p p l e s  a n d  b a n a n a s .  A n o t h e r  g r o u p  o f  p a p e r s  d i s c u s s e s  p r o b l e m s  o f  q u a l i t y  

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

c o n t r i b u t i o n  f r o m  H u n g a r y  r e p o r t s  o n  t h e  p e r f o r m a n c e  o f  t h e  d i s t r i b u t i o n  

c h a i n  i n  t h a t  c o u n t r y .  T h e  q u a l i t y  o f  f r o z e n  f i s h  is  e x p l o r e d  i n  a  n u m b e r  o f  

p a p e r s .  Y e t  a n o t h e r  g r o u p  o f  r e p o r t s  d e a l s  w i t h  p r o b l e m s  o f  i n s t i t u t i o n a l  
c a t e r i n g .

S u m m a r i z i n g  t h e  c o n t e n t s  o f  t h i s  b o o k  o n e  m a y  s a y  t h a t  n o w a d a y s  n o  o n e  

w o u l d  d a r e  t o  m a r k e t  a  f o o d  p r o d u c t  t h a t  h a s  n o t  b e e n  t h o r o u g h l y  i n v e s t i g a t e d
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a n d  t e s t e d ,  i n c l u d i n g  e n e r g y  c o n s u m p t i o n  d u r i n g  m a n u f a c t u r e ,  s t o r a g e  a n d  

t r a n s p o r t a t i o n  a n d  r e t a i l i n g .  A l t h o u g h  t h e  n a t u r e  o f  s u c h  i n v e s t i g a t i o n s  m a y  b e  

s i m i l a r  a n d  r e s u l t s  m a y  c o n f i r m  r e c u r r i n g  p r i n c i p l e s ,  i t  is  a l w a y s  c o m f o r t i n g  t o  

f i n d  p r e d i c t i o n s  c o n f i r m e d  b y  f a c t s ,  s u c h  a s  c o n t a i n e d  in  t h e  p a p e r s  c o l l e c t e d  in  

t h i s  b o o k  t h a n k s  t o  t h e  a c t i v i t i e s  o f  t h e  v a r i o u s  c o m m i s s i o n s  o f  t h e  I n s t i t u t e  o f  
R e f r i g e r a t i o n .

F. Levy

Xylitol. E d .  b y  J .  N .  C o u n s e l l

L o n d o n :  A p p l i e d  S c i e n c e  P u b l i s h e r s ,  1 9 7 8 .  P p .  x iv  +  1 9 1 .  £ 1 2 . 0 0 .

T h i s  b o o k  is  t h e  r e c o r d  o f  a  s y m p o s i u m  o r g a n i z e d  b y  R o c h e  P r o d u c t s  L i m i t e d  in  

L o n d o n  w i t h  t h e  o b j e c t  o f  e x p l a i n i n g  t h e  p r o p e r t i e s  o f  a  n o v e l  f o o d  m a t e r i a l  

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

F i n l a n d .  X y l i t o l  is  a  s u g a r  a l c o h o l  b u t  is  b a s e d  o n  t h e  p e n t o s e  u n i t  i n s t e a d  o f  t h e  

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

m a t e r i a l s  o f  t h e  p l a n t  k i n g d o m .  I t  is  s o l u b l e  a n d  h a s  a  s w e e t  t a s t e ;  c o n s e q u e n t l y  

i t s  p o t e n t i a l  u s e  i s  a s  a  s u g a r .

T h e  e a r l i e r  p a p e r s  a r e  c o n c e r n e d  w i t h  t h e  m a n u f a c t u r e  a n d  p r o p e r t i e s  o f  

x y l i t o l  a n d  i t s  u s e  a s  a  r e p l a c e m e n t  o f  s u c r o s e  i n  c o n f e c t i o n e r y  m a n u f a c t u r e .  

T h e  i n t e r e s t i n g  p o i n t  e m e r g e s  t h a t  f e w ,  i f  a n y ,  m i c r o o r g a n i s m s  a r e  c a p a b l e  o f  

u t i l i z i n g  t h i s  s u b s t a n c e ,  a n d  i t  is  n o t  s u r p r i s i n g  t h a t  a  l o n g  p a p e r  f o l l o w s  o n  

h u m a n  t o l e r a n c e  t o  x y l i t o l .  I t  is  c l a i m e d  t h e r e  a r e  n o  s ig n s  o f  d i a r r h o e a  in  

c h i l d r e n  f r o m  a  s i n g l e  d o s e  o f  a  t h i r d  o f  a n  o u n c e  ( 1 0  g r a m s ) !  A  f u r t h e r  

c o n s e q u e n c e  o f  t h e  i n a b i l i t y  o f  b a c t e r i a  t o  f e r m e n t  x y l i t o l  i s  t h a t  i t  d o e s  n o t  

p r o m o t e  a c i d  f o r m a t i o n  o n  t h e  t o o t h  s u r f a c e s  a n d  t h e  l a t t e r  s e c t i o n s  o f  t h e  b o o k  

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

c u r r e n t  t h e o r y  o f  t h e  c a u s e s  o f  d e n t a l  c a r i e s .  A t t e n t i o n  i s  d r a w n  t o  t h e  p o t e n t i a l  

b e n e f i t s  o f  r e p l a c i n g  ‘c a r i o g e n i c  s u c r o s e ’ b y  s u g a r  s u b s t i t u t e s  s u c h  a s  x y l i t o l  

w h i c h  h a v e  n o  c a r i o g e n i c  p r o p e r t i e s .  I n d e e d ,  a p a r t  f r o m  i t s  i n t e r e s t i n g  p r o p e r t y  

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

t h e  o n l y  r e a s o n  f o r  a d v o c a t i n g  t h e  u s e  o f  t h i s  u n n a t u r a l  s u b s t i t u t e  f o r  s u c r o s e  is  

i t s  n o n - c a r i o g e n i c i t y .  T o  b e  f a i r ,  i t  s h o u l d  b e  m e n t i o n e d  t h a t  t h e  o p e n i n g  

c o n t r i b u t o r  c l a i m s  x y l i t o l  is  c u r r e n t l y  a  c o m p o n e n t  o f  o u r  d i e t  o n  t h e  b a s i s  o f  t h e  

r i c h e s t  k n o w n  s o u r c e ,  y e l l o w  p l u m s ,  w h e r e  n e a r l y  1 %  o f  t h e  d r y  m a t t e r  is  

x y l i t o l .

T h e  d e n t a l  p r o p e r t i e s  a r e ,  h o w e v e r ,  o f  i n t e r e s t  a n d  i t  i s  t h e r e  t h a t  o n e  f e e l s  

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

w h i c h  i n e v i t a b l y  m a k e  d i s j o i n t e d  a n d  i n c o n c l u s i v e  r e a d i n g .  P a r t i c u l a r l y  d o e s  

t h i s  a r i s e  b e c a u s e  P r o f e s s o r  S c h e i n e n  h i m s e l f  w a s  r e p o r t i n g  h i s  s t u d i e s  a t  t h e  

U n i v e r s i t y  o f  T u r k u  w h e r e  h e  c o m p a r e d  t h e  d e n t a l  e x p e r i e n c e  o f  s t u d e n t  

v o l u n t e e r s  c o n s u m i n g  o r d i n a r y  d i e t s  i n  w h i c h  t h e  s w e e t e n i n g  a g e n t  w a s  e i t h e r



360 Book reviews

s u c r o s e ,  f r u c t o s e  o r  x y l i t o l .  S u p e r f i c i a l l y  i t  a p p e a r s  t h a t  s u c r o s e  is  m o s t  

c a r i o g e n i c ,  f r u c t o s e  l e s s  s o  a n d  x y l i t o l  n o n - c a r i o g e n i c .  O n e  o f  h is  t r i a l s  w i th  

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

c a r i o g e n i c  e f f e c t ,  b u t  o n  t h i s  p o i n t  t h e  a n s w e r  t o  a  d i r e c t  q u e s t i o n  c a n  b e s t  b e  

d e s c r i b e d  a s  e v a s i v e .

H o w e v e r ,  a  c l o s e r  e x a m i n a t i o n  o f  t h i s  e v i d e n c e ,  u s i n g  t h e  g r e a t e r  d e t a i l  o f  t h e  

o r i g i n a l  p a p e r s ,  r e v e a l s  t h a t  t h e  e v i d e n c e  f o r  a n y  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  

t h e  c a r i e s  o f  t h e  s u c r o s e  a n d  x y l i t o l  g r o u p s  is  q u i t e  u n c o n v i n c i n g .  F o r  e x a m p l e ,  

t h e  i n c r e a s e  in  c a r i e s  o f  t h e  c o n t r o l  g r o u p ,  i . e .  t h o s e  e a t i n g  a n  o r d i n a r y  s u c r o s e  

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

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

in g  d i e t .  E v e n  s o  t h e  s u c r o s e  g r o u p  h a d  l e s s  c a r i e s  t h a n  t h e  x y l i t o l  g r o u p  a t  t h e  

e n d  o f  t h e  t r i a l !

T h e  r e a s o n  f o r  t h i s  b o o k  o n  x y l i t o l  i s  t h e  t o p i c a l  i n t e r e s t  in  f i n d i n g  a  s u b s t i t u t e  

f o r  s u c r o s e ,  t h e  n a t u r a l  s u g a r  w h i c h  s h a r e s  w i t h  r a d i o  a n d  T V  a  c l e a r  s t a t i s t i c a l  

a s s o c i a t i o n  w i t h  t h e  i l l s  o f  c i v i l i s a t i o n .  M u c h  d e t a i l  a b o u t  x y l i t o l  i s  p r e s e n t e d ,  

a l t h o u g h  s o m e  w i l l  w o n d e r  h o w  a  m a t e r i a l  w h i c h  c a n  c a u s e  d i a r r h o e a  in  

a m o u n t s  w e l l  b e l o w  n o r m a l  c o n s u m p t i o n  l e v e l s  o f  t h e  f o o d  i t  c o u l d  r e p l a c e  c a n  

b e  a d v o c a t e d  o n  h e a l t h  g r o u n d s .  T h e n  t h e  d e n t a l  e x p e r t s  t a k e  o v e r  b r i n g i n g  o u t  

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

n o  c a s e  f o r  s u c h  s u b s t i t u t e s ,  a n d  w h i c h  is  s o  f i r m l y  b a s e d  o n  t h e  p r o d u c t i o n  o f  

a c i d  a t  t h e  t o o t h  s u r f a c e .

W h y  t h e n  d o  t h e  T u r k u  s t u d i e s  p r o v i d e  y e t  a n o t h e r  e x a m p l e  o f  t h e  c o n s i s t e n t  

f a i l u r e  o f  h u m a n  t r i a l s  t o  p r o v i d e  c l e a r  c o n f i r m a t i o n  o f  t h i s  e m i n e n t l y  p l a u s i b l e  

h y p o t h e s i s  t h a t  c a r i e s  d o e s  in  p r a c t i c e  r e s u l t  f r o m  t h e  i n t e n s i t y  o f  t h e  a c i d  a t t a c k  

o n  t h e  t o o t h  s u r f a c e ?

M u c h  is  b e i n g  d i s c o v e r e d  b y  m o d e r n  r e s e a r c h  b u t  t h e  n u t r i t i o n  a n d  h e a l t h  

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

f u r t h e r  i n v e s t i g a t i o n .  T h e  f o o d  i n d u s t r y  h a s  a  r e s p o n s i b i l i t y  t o  i t s  p u b l i c ,  m a n y  

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

a d v i c e .  I t  s h o u l d  a v o i d  p r o m o t i n g  n o v e l  m a t e r i a l s  in  p l a c e  o f  o u r  t r a d i t i o n a l  

f o o d s t u f f s  u n t i l  t h e  s u b s t i t u t e  h a s  b e e n  e s t a b l i s h e d ,  b e y o n d  a l l  r e a s o n a b l e  

d o u b t ,  t o  h a v e  r e a l  a d v a n t a g e s  a n d  t o  b e  i n n o c e n t  o f  o t h e r  h a z a r d s .

X y l i t o l  d id  n o t  p a s s  e i t h e r  p a r t  o f  t h i s  t e s t ,  e v e n  b e f o r e  t h e  t o x i c o lo g i s t s  

d i s c o v e r e d  a n  i n d i c a t i o n  o f  c a r c i n o g e n i c i t y  in  l a b o r a t o r y  a n i m a l s .

B. L. Hancock
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cigl and hundreds of qualified contributors.
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periodicals and monographs, many of which are 
not easily accessible or even commonly identi
fied with nutrition. This ready reference source 
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JO U R N A L  OF FO O D TECHNOLO G Y: NO TICE TO CO NTR IBU TO R S

The Journal of Food Technology publishes original 
contributions to knowledge of food science and tech
nology and also review articles in the same held. 
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 1J inch 
margin, and the lines should be double-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 (in
cluding spaces). The paper should bear the name of the 
author(s) and of the laboratory or research institute 
where the work has been carried out. The full postal 
address of the principal author should be given as a 
footnote. (The proofs will be sent to this author and 
address unless otherwise indicated.) The Editor 
reserves the right to make literary corrections.

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

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

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

Abbreviations. Abbreviations for some commoner 
units are given below. The abbreviation for the plural 
of a unit is the same as that for the singular. Wherever 
possible the metric 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 =  102 g Newton N
milligram mg = IO“3 g Watt W
metre m Centigrade °C
millimetre mm = lCMm hour hr
micrometre firn = ICM m minute min
nanometre nm = ICM m second sec
litre 1 = KM 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 104 mm2 
=  0-028317 m2
= 4-5461 1 
=  0-453592 kg

= 2-76799 x 104 kgm -2 
= KMN 
= 4-1855 J

=  1055-06 J 
= 745-700 W 
= 9/5 r°C  4- 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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