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Harmonization of legislation on foodstuffs, food additives 
and contaminants

II. Achievements and programme

R. HAIGH

Summary

In an earlier article the consultative procedures used by the Commission for the 
development of its proposals were described in some detail (Haigh, 1978) and 
the role of the European Parliament and Economic and Social Committee 
placed in its legal context. The present article summarizes the achievements of 
the Community in the sector and gives pointers for the future.

Achievements and programme

If harmonization is to enrich the choice of the consumer and is to remove those 
technical obstacles to the development of a ‘common market’ the legislation 
has to treat subjects relevant to these aims and in a way which does not jeo
pardize the just rights of food producers, and consumers in the Member States. 
The programme is consequently fluid and has been modified several times over 
the years to take into account changed conditions. It is and will continue to be 
devised on the basis of a pragmatic choice of those products within a given 
sector that can possibly and sensibly be studied.

Free movement of all goods is neither a practical reality nor is it necessary 
for products which are of but local importance and whose producers have no 
aspirations to wider sales.

Information of potential problems may be transmitted to the Commission 
using the procedures described in Part I (Haigh, 1978) by the industries con
cerned, by consumer groups — who see different treatments of the same 
subject in different Member States, or by Government departments. Each of 
these groups could also make concrete proposals. The Commission itself has 
within its departments many experts who themselves may be able to anticipate 
a problem in a particular sector. All the advice the Commission receives is

A u th o r’s address: C om m ission o f  th e  E uropean  C om m unities. Rue de la Loi 200, 
B -1049, Brussels, Belgium.
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weighed carefully, examined by the various consultative groups and where 
appropriate a proposal for legislation is made to the Council.

In some cases it has been possible to include practically all forms of a pro
duct within the legislation so that all varieties can be traded freely in the 
Member States (e.g. preserved milk). In other cases a partial method has been 
adopted which controls only certain of the products within a sector (e.g. while 
sucrose is comprehensively controlled by the Directive on certain sugars, 
fructose is not).

A more flexible approach may be found in the optional method of harmon
ization under which a product complying with the provisions of the legislation 
may move freely in the Community, while at the same time allowing similar 
products with minor differences in composition or quality to move freely in 
one or other Member States — subject, of course, to that State’s national 
legislation. The legislation thus developed ensures the free movement of goods 
without interference with national specialities or preferences. This approach 
has had considerable success in other sectors and is the basis of the Commis
sion’s proposal on jams and jellies.

Harmonization of food legislation is usually classified into ‘vertical’ (i.e. 
treatment of a specific group of similar products, for example emulsified sauces 
or coffee) or ‘horizontal’ (i.e. subjects of general application to all foods: 
additives, contaminants, labelling, etc.). The solution to such ‘horizontal’ 
problems has been shown to facilitate the subsequent discussion on ‘vertical’ 
subjects, and future activities will include a substantial effort on ‘horizontal’ 
topics.

HORIZONTAL
1. Additives
So far four groups of food additives are controlled comprehensively by Com
munity legislation -  colouring matters (Anon., 1962), preservatives (Anon., 1963), 
anti-oxidants (Anon., 1970) and emulsifiers (Anon., 1974a). Similar provision 
can be found in each of these Directives requiring that only substances enumer
ated may be used within the Community. The substances which Member States 
have agreed are given an ‘E’ number (see Table 1). With the notable exception of 
the Directive on Emulsifiers (etc.) an important and sometimes controversial pro
vision requires that the use of these substances must not be subject to any 
general prohibition, although a Member State may suspend the authorization of 
any substance if new scientific information suggests that its use might endanger 
human health. In such circumstances the other Member States and the Com
mission must be informed so that a Community decision can be reached.

Member States are also instructed to take whatever measures are necessary 
to ensure that the substances in these classes are not placed on the market un
less their packagings or containers are suitably labelled.
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Table 1. Food additives and their EEC numbers (1 August 1978)
493

EEC No. Common name

C O LO U RS
E 100 C urcum in
E 101 L acto flav in  (R iboflav in)
E  102 T artraz in e
E 104 Q u ino line yellow
E 1 1 0  Orange ye llow  S, sunset ye llow  F C F
E 120 C ochineal, carm inic acid
E 122 A zorub ine , C arm oisine
E 123 A m aran th
E 124 C ochineal R ed A, Ponceau  4R
E 127 E ry th ro sin e
E 131 P a ten t B lue V
E 132 Ind igo tin  (Ind igo  carm ine)
E 140 C hlo rophy lls
E 141 C opper co m plexes o f  ch lo ro p h y lls  and  ch lo ro phy llin s  
E 142 Acid b rillian t green BS (lissam ine green)
E 150 C aram el
E 151 B rilliant B lack BN, Black PN
E 153 C arbo m edicinalis vegetalis (charcoal)
E 160 C aro teno ids:

(a ) alpha-, be ta-, gam m a-, ca ro tene
(b ) A n n a tto  (B ix in, N o rb ix in , R o u co u )
(c) C apsan th in , C apsorubin
(d ) L ycop ene
(e )  B eta-apo-8/ ca ro tena l (C  30)
(f)  E th y l es te r o f  be ta-apo-8’ ca ro ten o ic  acid (C  30)

E 161 X an tho p h y lls
(a) F lav o xan th in
(b ) L u te in
(c) K ry p to x a n th in
(d ) R u b ix a n th in
(e ) V io lo x an th in
(f)  R h o d o x an th in
(g) C an th ax an th in

E 162 B ee tro o t red
B etan in

E 163 A n th ocy an ins
E 170* C alcium  ca rb ona te
E  171 T itan iu m  d iox ide
E 172 Iro n  oxides an d  h y d ro x id es
E 173* A lum inium
E 174* Silver
E 175* G old
E 1 8 0 f P igm ent ru b in e , lith o l-ru b in  BK

♦ For surface co louring  only , 
f  F o r  co louring  cheese rinds.
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Table 1 -  continued
T he M em ber S tates shall, fo r  d ilu ting  o r dissolving th e  co louring m a tte rs  listed  in  A nnex 

1, au th o rize  th e  use o f th e  fo llow ing p ro d u c ts  on ly :
Sodium  ca rb o n a te  and  sod ium  

h y d ro g en  ca rb onate  
Sodium  ch loride 
Sodium  su lphate  
G lucose 
Lactose 
Sucrose 
D ex trins 
S tarches 
E th ano l 
G lycerol

S orb ito l

E dible oils and fats
Beeswax
W ater
C itric acid
T artaric  acid
L actic  acid
G elatin
Pectins
A m m onium , sodium  and  po tassium  

alginates
L-ascorbic acid esters o f th e  unb ran ch ed  fa tty  acids C 14, C 16 and C i8 (au tho rized  exclu

sively fo r th e  co louring  m a tte rs  listed  u n d er nos. E 160 and E 161).
This D irective shall n o t a ffec t n a tio n a l ru les concern ing  n a tu ra l substances w hich are used 

in  th e  m anu fac tu re  o f ce rta in  fo o d s tu ffs  because o f  th e ir  a rom atic , sapid o r n u tritiv e  p ro p e r
ties b u t w hich also have a subsid iary  co louring  p ro p e rty  fo r  exam ple pap rik a , tu m eric , 
sa ffron  and  sandal-w ood in  p a rticu la r; co louring  m a tte rs  used fo r m arking; co louring m a tte rs  
used  fo r  th e  shells o f  ha rd  boiled  eggs.

M em ber S tates m ay . . .  au th o rize  th e  use in  food  o f
th e  c o lo u rs  -  
B rilliant Blue FC F 
B row n FK
C hoco late  B row n HT 
R ed 2G
R ib o flav in -5 -ph osphate  
Y ellow  2G
a n d  f o r  d i lu t in g  a n d  d is so lv in g  c o lo u r in g  m a tte r s  -
e th y l ace ta te , d ie th y l e th er, glycerol m o n o ace ta te , glycerol d iace ta te , glycerol tr iace ta te , 
iso p ro p y l a lcoho l, p ro p y len e  g lycol, acetic  acid , sodium  h y d ro x id e , am m onium  h yd ro x ide .

EEC No. C om m on nam e

PR E SER V A T IV ES 
E 200  Sorbic acid
E 201 Sodium  sorbate  (sod ium  salt o f sorbic acid)
E 202 Potassium  so rbate  (po tassium  salt o f sorbic acid)
E 203 C alcium  so rbate  (calcium  salt o f  sorbic acid)
E 2 1 0  Benzoic acid
E 211 Sodium  benzoa te  (sod ium  salt o f benzo ic  acid)
E 212 Potassium  benzoa te  (po tassium  salt o f benzoic acid)
E 213 Calcium  benzoa te  (calcium  salt o f benzo ic  acid)
E 214 E th y l p -h y d ro x y b en zo a te  (e th y l ester o f p -hyd ro xy-benzo ic  acid)
E 215 Sodium  eth y l p -h y d ro x y b en zo a te
E 216 P ropyl p -h y d ro x y b e n zo a te  (p ro py l ester o f p -h y d ro x y b en zo ic  acid)
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Table 1 — continued

EEC No. Common name

E 217 Sodium  p ro p y l p -h y d ro x y b en zo a te
E 218 M ethyl p -h y d ro x y b en zo a te  (m e th y l ester o f p -h y d ro x y b en zo ic  acid)
E 219 Sodium  m ethy l p -h y d ro x y b en zo a te
E 220 S ulphur d iox ide
E 221 Sodium  su lph ite
E 222 Sodium  b isu lph ite  (acid sodium  su lph ite )
E 223 Sodium  m e tab isu lph ite  (sod ium  py ro su lp h ite  o r sod ium  d isu lph ite)
E 224 Potassium  m e tab isu lph ite  (po tass ium  p y ro su lp h ite  o r po tassium  d isu lph ite) 
E 226 C alcium  su lph ite
E 227 C alcium  b isu lph ite  (calcium  hyd ro g en  su lph ite)
E 230* B iphenyl (D iphenyl)
E 2 3 1 *  O rth o p h en y lp h en o l
E 232* Sodium  o rth o p h en y l p h en a te
E 2 3 3 f 2-(4,-th iazo ly l)-benzim idazole (th iab endazo le )
E 236 F orm ic  acid
E 237 Sodium  fo rm ate  (sod ium  salts o f fo rm ic  acid)
E 238 C alcium  fo rm ate  (calcium  salts fo r  fo rm ic  acid)
E 239f; H exam ethy lene te tram ine
E 249 Potassium  n itr ite  (so lely in  m ix tu re  w ith  sodium  ch loride)
E 250 Sodium  n itr ite  (so lely  in  m ix tu re  w ith  sod ium  ch loride)
E 251 Sodium  n itra te  (alone or in  m ix tu re  w ith  sodium  ch loride)
E 252 Potassium  n itra te  (alone o r in  m ix tu re  w ith  sodium  ch loride)
E 260 A cetic acid
E 261 Potassium  aceta te
E 262 Sodium  d iaceta te
E 263 C alcium  aceta te
E 270 L actic acid
E 280 P rop io n ic  acid
E 281 Sodium  p ro p io n a te  (sod ium  salt o f  p rop io n ic  acid)
E 282 C alcium  p ro p io n a te  (calcium  salt o f  p rop io n ic  acid)
E 283 Potassium  p ro p io n a te  (po tassium  salt o f p rop io n ic  acid)
E 290 C arbon  diox ide

*E xclusively  fo r th e  surface o f  c itrus fru it (E  230 m ax. 70 p pm ; E 2 3 1 , E 232 m ax. 
12 p pm  as o rth o p h en y l pheno l).

f  E xclusively fo r th e  surface tre a tm en t o f bananas (m ax. 3 pp m ) and citrus fru it (m ax. 
6 ppm ).

% Exclusively in p rovo lone cheese (m ax . level 25 m g/kg expressed as fo rm aldehyde).

M em ber S ta tes  m ay . . .  m a in ta in  th e  provisions o f th e ir  na tion a l laws relating  to  th e  use of: 
fo rm ald ehy de  in  ‘G rana p a d a n o ’ cheese prov ided  th a t, w hen the  p ro d u c t is m arke ted , it 

does n o t co n ta in  m ore th a n  0.5 m g/kg free o r com bined  o f fo rm aldehyde .
M em ber S tates m ay . . .  au tho rize  th e  use of:

h ex am e th y len e te tram in e  in  sem i-preserved fish p ro d u c ts  (pH  m ore th an  4 .5 , m ax. level 
50 m g/kg), caviar and o th e r  unsm o ked  fish  eggs (m ax . level 1 g /kg).
This D irective shall n o t affec t th e  provisions o f  n a tio n a l law s concerning:

(a) p ro d u c ts  used as fo o d s tu ffs  b u t w hich m ay also have preservative p ro p e rtie s , for 
exam ple vinegar, sod ium  ch loride, e th an o l, ed ib le oils, and sugars in p articu lar;
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(b ) nisin;
(c) p ro d u c ts  used fo r coating  fo odstu ffs;
(d ) p ro d u c ts  used to  p ro te c t p lan ts  and p lan t p ro d u c ts  against harm fu l organism s;
(e) an ti-m icrobial p ro d u c ts  used fo r th e  tre a tm e n t o f drink ing  w ater;
(f) an tio x idan ts.

Table 1 -  continued

EEC No. C om m on nam e

A N TIO X ID A N TS
E 300 L-Ascorbic acid
E 301 Sodium  L-ascorbate (sod ium  o f L-ascorbic acid)
E 302 Calcium  L-ascorbate (calcium  salt o f L-ascorbic acid)
E 303 5, 6-diacetyl-L-ascorbic acid (ascorbyl d iace ta te )
E 304 6-palm ityl-L-ascorbic acid (ascorbyl p a lm ita te )
E 306 T ocop hero l-rich  ex tra c ts  o f  n a tu ra l origin
E 307 S y n th e tic  A lpha-tocophero l
E 308 S y n th e tic  G am m a-tocophero l
E 309 S y n th e tic  D elta-tocop hero l
E 310 P ropyl gallate
E 311 O ctyl gallate
E 3 1 2  D odecyl gallate
E 320 B u ty la ted  h y d ro xyan iso le  (BHA)
E 321 B u ty la ted  h y d ro x y to lu e n e  (BH T)
SUBSTANCES W ITH O T H E R  FU N C TIO N S 
E 220 Sulphur d iox ide
E 221 Sodium  su lph ite
E 222 Sodium  b isu lph ite  (acid sod ium  su lph ite )
E 223 Sodium  m e tab isu lph ite  (sod ium  py ro su lp h ite  o r sodium  disu lph ite)
E 224 Potassium  m etab isu lph ite  (po tassium  py ro su lp h ite  o r potassium  d isu lph ite)
E 226 Calcium  su lph ite
E 322 L ecith ins
A N TIO X ID A N T SY N ERG ISTS 
E 270 Lactic acid
E 325 Sodium  lac ta te  (sodium  salt o f lac tic  acid)
E 326 Potassium  lac ta te  (po tassium  salt o f lac tic  acid)
E 327 Calcium  lac ta te  (calcium  salt o f lac tic  acid)
E 330 C itric acid
E 331 Sodium  citra tes  (sod ium  salts o f citric  acid)
E 332 Potassium  c itra te s  (po tassium  salts o f  c itric acid)
E 333 C alcium  citra te s  (calcium  salts o f c itric acid)
E 334  T artaric  acid
E 335 Sodium  ta rtra te s  (sodium  salts o f ta r ta r ic  acid)
E 336 Potassium  ta rtra te s  (po tassium  salts o f  ta r ta r ic  acid)
E 337 Sodium  potassium  ta r tra te
E 338 O rth o p h o sp h o ric  acid
E 339 Sodium  o rth o p h o sp h a te s  (sod ium  salts o f  o rth o p h o sp h o ric  acid)
E 340  Potassium  o rth o p h o sp h a te s  (po tassium  salts o f o rth o p h o sp h o ric  acid)
E 341 Calcium  o rth o p h o sp h a te s  (calcium  salts o f o rth o p h o sp h o ric  acid)
E 4 7 2  c C itric acid ester o f m ono  and di-glycerides o f food  fa tty  acids (citrog lycerides)
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Table 1 — co n tin u e d

S ubstances in  w hich  an tio x id an ts  can be dissolved o r d ilu ted :
1. D rinking w ater, dem ineralized  w ater, d istilled  w ater
2. E dible oils
3. E dible fats
4 . E th y l a lcohol
5. G lycerol
6. S o rb ito l
7. P ropy lene g lycol (1 ,2 -p ro paned io l).

M em ber S ta tes  m ay . . .  m a in ta in  th e  provisions o f th e ir  n a tio n a l laws au thoriz ing  th e  use in 
fo o d stu ffs  o f  calcium  disodium  e th y len e  d iam ine-te tra-aceta te , and e th o x y q u in  fo r the  
tre a tm e n t o f apples and pears (m ax  level 3 m g/kg w hole fru it).

EEC No. C om m on nam e

E M U L SIFIE R S, ST A B ILIZ E R S, T H IC K E N E R S AND G E L L IN G  AGENTS
E 322  L ecith ins
E 339 Sodium  o rth o p h o sp h a te s
E 340  Potassium  o rth o p h o sp h a te s
E 341 C alcium  o rth o p h o sp h a te s
E 4 0 0  Alginic acid
E 401 Sodium  alg inate
E 4 0 2  Potassium  alg inate
E 403  A m m onium  alg inate
E 404  C alcium  alg inate
E 405 P ropane-1 ,2 -d io l alg inate
E 406  Agar
E 407 C arrageenan
E 4 1 0  L ocust bean gum
E 4 1 2  G uar gum
E 4 1 3  T ragacanth
E 4 1 4  Acacia
E 4 2 0  S o rb ito l and so rb ito l syrup
E 4 2 1  M annito l
E 422  G lycerol
E 440(&) Pectin
E 440  (b) A m idated  p ec tin
E 4 5 0  Sodium  and po tassium  po ly phospha tes:
E 450 (a) D iphosphates: N a2H 2 P20 7 ; N a3 H P2 0 7 ; Na4P2 0 7 ; K4P 20 7
E 4 5 0 (b ) T rip hospha tes: N as P 3O 10 ; K s P3O 10
E 4 5 0 (c ) L inear p o ly p hosp ha tes
E 4 6 0  M icrocrystalline cellulose
E 4 6 1  M ethylcellulose
E 463 H ydroxyprop y lcellu lose
E 464  H y drox yp ro p y lm eth y lce llu lo se
E 465 E thy lm ethy lce llu lose
E 466  C arboxy m ethy lcellu lo se
E 470$  Sodium , po tassium  and calcium  salts o f fa tty  acids
E 471 M ono- and di-glycerides o f fa tty  acids
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Table 1 -  continued

EEC No. Common name
E 4 7 2 (a ) 
E 4 7 2 (b ) 
E  4 7 2 (c ) 
E 4 7 2 (d ) 
E 472 (e) 
E 4 7 2 (f) 
E 473  §
E 4 7 4  §
E 475 
E 477  
E 481 §
E 4 8 2 §
E 483  §

A cetic acid esters o f m ono- and di-glycerides o f fa tty  acids
L actic acid esters o f  m ono- and di-glycerides o f fa tty  acids
C itric acid esters o f  m ono- and di-glycerides o f  fa tty  acids
T artaric  acid esters o f m ono- and di-glycerides o f  fa tty  acids
M ono- an d  d iace ty lta rta ric  acid esters o f m ono- and di-glycerides o f fa tty  acids
M ixed acetic  and  ta r ta r ic  acid esters o f m ono- and di-glycerides o f fa tty  acids
Sucrose esters o f fa tty  acids
Sucroglycerides
Polyglycero l esters o f fa tty  acids 
P ropane-1 ,2 -dio l esters o f  fa tty  acids 
Sodium  stearoy l-2-lac ty late  
Calcium  siearoy l-2-lac ty late  
S tearyl ta r tra te

t  Exclusively in the  m anu fac tu re  o f ‘D u tch ’ ty p e  rusks (m ax . level 1.5% o f th e  flou r 
used). May be p resen t a t  n o t m ore th a n  6% (expressed as sod ium  o leate) in E 4 7 1 , E 4 7 2 (b ), 
E 4 7 3 , E 474 , E 475 and E 4 7 7 .

§ N ot to  be used in bread unless pe rm itted  by na tio n a l law.

M em ber S tates m ay . . .  au th o rize  th e  use in food  o f th e  follow ing:
K araya gum  (synonym : sterculia gum )
Partial po lyg lycero l esters o f po ly condensed  fa tty  acids o f casto r oil 
S o rb itan  m o n o palm ita te  
S o rb itan  m on osteara te  
S orb itan  tr is te a ra te
P o ly o x y e th y len e  (20) so rb itan  m on o lau rate  (sy nonym : p o ly so rb a te  20)
P o ly ox ye th y len e  (20) so rb itan  m on o palm ita te  (synonym : p o ly so rb a te  40) 
P o ly o x y e th y len e  (20 ) so rb itan  m on osteara te  (sy nonym : p o ly so rb a te  60)
P o ly o x y e th y len e  (20 ) so rb itan  tris te a ra te  (synonym : p o ly so rb a te  65)
P o ly o x y e th y len e  (20 ) so rb itan  m ono-o leate  (synonym : p o ly so rb a te  80)
P o ly ox ye th y len e  ( 8) s tearate  
P o ly o x y e th y len e  (4 0 ) s tearate
G lyceric esters o f fa tty  acids ob ta ined  from  soya oil ox id ized  u nd er h ea t 
G h a tti gum  
X an than  gum  
E x trac t o f quillaia
L acty la ted  fa tty  acid esters o f  glycerol and p rop y lene  glycol
S o rb itan  m on o lau ra te
S orb itan  m ono-o leate
D io cty l sodium  su lphosuccina te
A m m onium  ph o sp h a tid es  (sy no nym : em ulsifier YN)

This D irective does n o t a ffec t na tio na l legislation on:
(a) fo o d s tu ffs  w hich have em ulsifying, stabilizing, th icken ing  o r gelling p ro p e rtie s , such 

as, fo r ex am p le , eggs, flo u r and starches;
(b ) em ulsifiers used in release agents;
(c) acids, bases and salts w hich, w hen added to  a fo o d s tu ff  during m anu fac tu re , change o r 

stab ilize th e  pH :
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Table 1 -  con tinued

(d ) b loo d  plasm a, m od ified  s tarches, edible gelatine and h y d ro ly sed  fo od  p ro te in s  and 
th e ir  salts.

(e) ce rta in  p ro d u c ts  co n ta in in g  pec tin  derived fro m  . . .  (d efin ed ) . . .  fru its.

The Directives have been adopted over a period of 12 years and these label
ling provisions are not the same in each case. Special problems exist for one 
class which are not relevant to another and ideas have developed since the 
adoption of the first of the series (on colouring matters). Broadly speaking, 
however, the number and/or name of the substance and the name and address 
of a manufacturer or seller within the Community must be indicated on the 
container with a declaration to the effect that the product is for ‘food use’.

Recently the Community finalized its work on the establishment of specific 
purity criteria for ‘E’ numbered additives. General purity criteria limiting the 
amounts o f heavy metals and other potentially dangerous elements are stipulated 
in each Directive.

The methods of analysis needed to verify that the general and specific 
criteria of purity are satisfied, the procedure for taking samples and the 
methods for the qualitative and quantitative analysis for these substances on 
food, have yet to be adopted (using the procedure involving the Standing 
Committee for Foodstuffs). They are the subject of active consideration at the 
present time in Commission working parties. Since 1962 there has been a con
siderable development in methods of toxicological assessment and the criteria 
used to guarantee that, on the basis of the available evidence, the use of a 
particular additive does not endanger the health of the consumer. The texts 
have been modified several times to take into account changed circumstances 
and to recognize the availability of new toxicological data on several of the 
listed substances. The opinion of the Scientific Committee for Food is now a 
recognized part of the procedure. Indeed, its advice is requested not only in 
relation to food additives, but also to foodstuffs (see Table 2).

The accession to the Community of Denmark, Ireland and the United 
Kingdom with differences of techniques of usage of additives (and in particular 
different lists) complicated the adoption of ‘community lists’, and the Com
mission concluded that this would require, in the case of colouring matters, a 
complete review of substances in the Directive. The Directives on Antioxidants 
and Preservatives were reviewed on an ad hoc basis. The review of the Directive 
on Emulsifiers (etc.) is not yet completed (see below).

Colouring matters
An essential criterion for the review of the Directive was the advice of the 

Scientific Committee for Food. The Committee was asked to examine the 
available toxicological data on all colouring matters in the Directive or 
requested for inclusion within the Directive. The Committee broadly classified 
the colouring matters into three groups — those which could be accepted, those
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T a b le  2. Published op in io ns o f th e  Scientific C o m m ittee  fo r F o o d

R e p o r t s  o f  th e  S c ie n t i f ic  C o m m i t te e  f o r  F o o d  ( 1 s t  se r ie s)
S odium  m e th y l p a rah y d ro x y b en z o a te , po tassium  n itr ite  and po tassium  p ro p io n a te  

(o p in io n  expressed 15 N ovem ber 1974)
M ercury in  food

(o p in io n  expressed 16 N ovem ber 1974)
R apeseed oils

(o p in io n  expressed 16 N ovem ber 1974)
R evision o f th e  D irective o n  co louring  m a tte rs  au th o rized  fo r use in fo o d s tu ffs  in ten d ed  

fo r  h u m an  co n su m p tio n  
(o p in io n  expressed 27 Ju n e  1975)

V inyl ch loride m o n o m er 
(o p in io n  expressed 27 Ju n e  1975)

E th o x y q u in
(o p in io n  expressed 13 N ovem ber 1975)

R e p o r t s  o f  th e  S c ie n t i f ic  C o m m i t te e  f o r  F o o d  ( 2 n d  se r ie s)
A m aran th

(o p in io n  expressed 27 F eb ru ary  1976)
Som e chem ically  m od ified  s tarches 

(o p in io n  expressed 27 F eb ru ary  1976)
R esearch necessary on long chain fa tty  acids and oils and fa ts  used in  food  

(o p in io n  expressed  2 A pril 1976)
T hiabendazo le

(o p in io n  expressed 2 A pril 1976)
P ropy l gallate

(o p in io n  expressed  2 Ju ly  1976)

R e p o r t s  o f  th e  S c ie n t i f ic  C o m m i t te e  f o r  F o o d  (3 rd  ser ies)
G uidelines fo r tox ico log ical evaluation  o f a substance fo r  m aterials and artic les in ten d ed  

to  com e in to  co n tac t w ith  fo o d s tu ffs

R e p o r t s  o f  th e  S c ie n t i f ic  C o m m i t te e  f o r  F o o d  (4 th  ser ies)
Saccharin

(o p in io n  expressed 24 Ju ne  1977)
Calcium  disodium  eth y lened iam in e  te tra -ace ta te  

(o p in io n  expressed 24 Ju n e  1977)
C olouring m a tte rs  au th o rized  fo r  use in  fo o d s tu ffs  in ten d ed  fo r hum an  co nsu m p tio n  

(o p in io n  expressed 16 S ep tem ber 1977)
F o rm ald ehy de  in ‘G rana P ad an o ’ cheese 

(o p in io n  expressed  20 O c to b er 1977)

R e p o r t s  o f  th e  S c ie n t i f ic  C o m m i t te e  f o r  F o o d  (5 th  ser ies)
E lem ents  o f in fo rm atio n  given to  th e  C om m ission on th e  use o f additives fo r  w hich no 

A ccep tab le  Daily In tak e  has been  allocated  
(16  M arch 1978)

F ine B akers’ W ares, R usks, Pastries and Biscuits 
(o p in io n  expressed  1 May 1978)
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which could not be accepted and those for which they had certain reservations 
and which should be subjected to further toxicological studies before the end 
of 1978.

The Council accepted the Commission’s proposal to prohibit the unaccept
able colouring matters. Until the revision of the toxicological data on the 
‘temporarily acceptable’ colouring matters takes place in 1978/79 one objective 
of the Directive (that is to authorize within the Member States only those sub
stances listed in the Directive) cannot be attained and the Directive permits 
individual Member States to use, for the time being, certain colouring matters 
not yet accepted at Community level.

Purity criteria are specified for each colouring matter and diluent listed in 
the Directive. The colouring matter may only be marketed if its number is 
indicated on the packaging or container with the phrase ‘colouring matter for 
foodstuffs’.

Preservatives
The Directive lists permitted preservatives (and substances intended mainly 

for other purposes but which may have a subsidiary preservative effect). As in 
the case of colouring matters for a few preservatives a Community solution has 
not yet been found.

As far as the labelling of preservatives sold as such is concerned, the provi
sions differ from those on colouring matters by the requirement to state both 
name and EEC number, and by the obligation to list the percentage of any 
particular preservative in a mixture. A statement has to be included that the 
preservatives are ‘for foodstuffs (restricted use)’ as a reminder to the potential 
user that the presence of a preservative on the list does not imply complete 
freedom of use in any foodstuff. Indeed in some cases the Directive itself 
controls on a Community basis the uses to which preservatives can be put. For 
example certain preservatives are specifically mentioned as being for use on 
citrus fruit and the control measures to be used for the qualitative and quanti
tative analysis of their residues are regulated (Anon., 1967).

Other methods of analysis and sampling have not yet been adopted. Purity 
criteria for preservatives have already been established (Anon., 1965).

There is some ambiguity as to whether additives to be used on citrus fruit 
(and other fruits and vegatables) should be classed as preservatives or pesti
cides, or even as a separate category of ‘fruit treatment agents’. The Com
mission intends to propose measures to clarify the situation.

Antioxidants
The same format was applied in the development of the Community rules on 

antioxidants. A comprehensive annex lists the antioxidants, substances having 
an antioxidant effect and also other functions, substances capable of increasing 
the antioxidant effect of other substances, and substances in which each of
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these groups may be dissolved or diluted. Labelling requirements for sales to 
subsequent users are comparable to those specified for preservatives. Purity 
criteria for antioxidants have recently been adopted by the Council (Anon., 
1978d). Methods of analysis and sampling have not yet been proposed.

Emulsifiers and similar substances
The Council Directive on emulsifiers, stabilizers, thickeners and gelling 

agents is unique in its not inconsiderable list of substances, the use of which 
could not be agreed at Community level in 1974 but which may be authorized 
by individual Member States should they so wish. This problem has to be re
considered during 1978 and the Commission is consulting with interested 
organizations in order to arrive at a Community decision by June 1979. In 
other respects the Directive is substantially similar to other food additive 
Directives. Purity criteria for emulsifiers (etc.) have recently been adopted by 
the Council (Anon., 1978c). Methods of analysis and sampling have not yet 
been proposed.

As yet only these four classes of additives are controlled by Community 
legislation, but this is not to say that other classes are not under consideration.

Flavourings
Flavourings have been used for a long time in the food industry. For the 

manufacture of their products, food processors have used substances to give 
characteristic flavour and aroma to render them more appetizing. These sub
stances may be naturally derived or artificially synthesized and the Commission 
is at present developing a proposal for their classification. Discussions are being 
held with a group of government experts and with professional organizations 
having particular interest in the subject (e.g. flavouring producers, food manu
facturers, consumers, etc.) on the best means of implementing this proposal. 
The Scientific Committee for Food has been consulted but has not yet given its 
advice.

Solvents
The extraction of natural flavours, colours (and other additives), and the 

extraction of foodstuffs (e.g. for the decaffeination of coffee, treatment of 
oils and fats) requires the extensive use of solvents. These processes leave un
avoidable residues in the final food which if not controlled properly could be a 
potential risk to health. The question is under consideration by the Commission. 
Solvents are also used as diluents for additives and as carriers for certain food
stuffs. This application may require a different approach to that which might 
be envisaged for ‘extraction solvents’ which could more appropriately be consi



dered as contaminants, at least as far as the labelling of the final food is 
concerned.

Acids, bases and salts
The Commission has recently issued a preliminary working document on the 

listing of acids, bases and salts which follows the principles which have been 
accepted in other additive Directives.
Special problems

From time to time particular problems may arise on food additives (perhaps 
not generally subject to Community legislation). These problems may be 
drawn to the attention of the Commission by the ways mentioned earlier. The 
European Parliament is particularly attentive in these matters and it can be 
expected that such ‘special problems’ as amaranth, asbestos (as a filter aid) and 
saccharin will continue to be presented to the Commission. These topics receive 
the same careful scrutiny as would be given during a comprehensive ‘class’ 
review. The result of these examinations is not always Community legislation. 
In the case of saccharin, for example, the Commission recommends (Anon., 
1978b) that Member States follow the advice of the Scientific Committee for 
Food.
Conditions o f  use o f  food  additives

The adoption of Directives on classes outlined above will substantially 
include the main categories of additives used within the Community. The 
Commission is exploring the possibility and practicability of implementing the 
second stage referred to in all existing food additive Directives, before consi
dering other classes (e.g. anticaking agents and artificial sweeteners) that is to 
say the development of what are known as ‘conditions of use’.

So far, with few exceptions, no attempt has been made to list the foods in 
which the permitted additives may be used, and inevitably free movement of 
goods is hampered by national provision on the matter. If the consumer is to be 
protected against widespread or excessive use of a particular additive (which 
might be completely inoffensive at normal use levels, while being potentially 
dangerous if used in excess), the conditions for its use have to be specified on a 
Community basis — at least in products which are able to circulate freely in all 
Member States. For this exercise to be effective, accurate knowledge of the 
levels of use which are technologically necessary and the dietary intake of food 
by the population of the Community has to be obtained in order to compare 
this information with the toxicological assessment of the situation.

The differences in dietary habits and the difficulties in obtaining accurate 
information of levels of use for all foods in each Member State create massive 
obstacles to the pursuance of the objective, which so far have not been 
removed.

H a r m o n i z a t i o n  o f  f o o d  l e g i s l a t i o n .  II 5 0 3
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2. Contaminants
Packaging materials ; ,

The Directive on the approximation of the laws of the Member States 
relating to materials and articles intended to come into contact with foodstuffs 
(Anon., 1976a), lays down the general principles on the basis of which legal 
differences may be eliminated by the subsequent development of Directives on 
specific subjects such as the substances to be authorized in the production of 
packaging materials, purity standards for such substances, limits of migration of 
components of packaging materials into foodstuffs and general rules to ensure 
the implementation of these specific requirements. Special provisions for re
generated cellulose, ceramics, etc., are at various stages of advancement in 
Council or Commission working parties. The Directive is unique in the food 
sector in requiring the advice of the Scientific Committee for Food as a pre
requisite to proposing modifications, and in the introduction of the idea cf a 
provisional approval by the individual Member States prior to the adoption of 
a measure by the Community.

This basic Directive requires that materials and articles must not transfer any 
constituents to foodstuffs in quantities which could endanger human health. 
Administration of large doses of vinyl chloride monomer to experimental 
animals has been shown to produce harmful effects and the Scientific Com
mittee for Food advised that VCM in polyvinyl chloride and related polymers 
should be reduced as far as possible. In applying the Committee’s advice the 
Council has recently adopted a Commission proposal limiting VCM to a maxi
mum of 1 mg/kg in the final material or article (Anon., 1978a).

Erucic acid
Although erucic acid can hardly be considered a contaminant of rapeseed 

oil, its level in mixtures of oils or in food products could be interpreted in this 
way.

When as a result of concern over the possible harmful effects of this acid, the 
Scientific Committee for Food advised that it would be prudent to reduce its 
intake in humans, the Council fixed the maximum level of erucic acid in oils 
and fats intended as such for human consumption and in foodstuffs containing 
added oils or fats (Anon., 1976b).

Heavy metals and similar materials
The Commission initiated discussions on the contaminants in food some 

time ago and its programmes repeatedly acknowledge the necessity of 
controlling contamination by such materials as mercury, lead, arsenic, 
cadmium, asbestos and mycotoxins. Although discussions with interested 
organizations continue to take place (for example the Scientific Committee for 
Food has advised on mercury and is studying asbestos) no Directive has yet
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been proposed to the Council. The work is hampered by a lack of knowledge of 
the intake of foodstuffs containing these contaminants. As noted above, there 
is control of heavy metal contamination of food additives by the,provistons in 
the Directives on colours, preservatives, antioxidants and emulsifiers.

3. Foodstuffs for special nutritional uses
The Council Directive implementing the first of the Community rules on food
stuffs for particular nutritional uses (Anon., 1977a) gives guidelines for the 
preparation of subsequent specific Directives on particular groups of ‘dietetic’ 
(or dietary) foodstuffs. At the moment no such ‘specific’ Directives (e.g. low 
sodium foods) have been adopted.

4. Labelling
In order to resolve many of the obstacles to the development of Directives in 
particular food sectors (i.e. ‘vertical’ Directives) the Commission has pro
posed to the Council measures on the labelling, presentation, and advertising of 
foodstuffs. The Council is devoting a considerable amount of attention to this 
subject in order to find agreement as soon as possible.

VERTICAL
The achievements of the Community and the principal items on the programme 
dealing with vertical questions can be summarized as follows.

Cocoa and Chocolate products
Community rules have been established by Directive (Anon. 1973a), on 

definitions and rules on composition, manufacture, specifications, packaging 
and labelling. The adoption of this Directive which was the first of the 
‘verticals’ was complicated by the differences in production techniques and 
consumer preferences in the several Member States. Its adoption took many 
years, partly at least because its format was critically examined as a precedent 
for other foodstuffs Directives.

Certain sugars
The Directive (Anon., 1973b) on certain sugars specifies standards for: semi

white sugar, white sugar, sugar solution, invert sugar solution, invert sugar 
syrup, glucose syrup, dried glucose syrup and dextrose (anhydrous and mono
hydrate).



5 0 6 R .  H a i g h

Permitted weights of packages are specified and limits for residual sulphur 
dioxide are also prescribed.

Honey
The Directive (Anon., 1974b) defines the terms ‘honey’ and makes provision 

for the different varieties which may be marketed under appropriate names. 
The main information which should appear on labels is specified.

Fruit juices and certain similar products
The Directive (Anon., 1975) controls the composition manufacturing speci

fications and reserves descriptions for: fruit juices (including reconstituted 
juice), concentrated fruit juice, fruit nectars and dried fruit juice.

Preserved milk
The Community rules control the composition manufacturing specifications 

and reserved description for certain partly dehydrated and certain wholly 
dehydrated milks defined within the Council Directive of 18 December 1975 
relating to the subject in question (Anon., 1976c).

Coffee extracts
The Directive on coffee and chicory extracts (Anon., 1977b) includes provi

sions on extraction rate, weight, and labelling of these products and their 
mixtures. Decisions on the type of solvent which might be used in their pre
paration were postponed until the question on the use of solvents has been 
resolved ‘horizontally’.

FUTURE ACTIVITIES
The management of Directives already adopted by the Council requires the 
attention of the Commission if resolution of the outstanding problems, solu
tions to which could not be found when the Directives were adopted, is to be a 
practical reality. Indeed, every adopted Directive contains provisions of this 
sort which are presently being re-examined. This involvement has meant that 
the resources in material and manpower available for new work do not permit 
rapid development of Community legislation on all the topics detailed in the 
Council Resolution of 17 December 1973 on Industrial Policy (Anon., 1973c), 
nor to complete the examination of such topics that have been under consi
deration. Indeed, it is clear that some subjects (e.g. beer and bread) are not 
likely to be ‘harmonized’ in the near future and there are many who would 
agree that it would not be a bad conclusion to abandon these topics for all



H a r m o n i z a t i o n  o f  f o o d  l e g i s l a t i o n .  II 5 0 7

time! On the other hand the Council seems likely to agree ‘EEC’ standards on 
mineral waters and jams and jellies. Commission working parties are actively 
examining the possibility of standards for frozen foods and modified starches; 
standards for caseinates may shortly be transmitted to the Council. There is 
also a strong possibility that preliminary work in Commission working parties 
on oils and fats, and soft drinks may give some positive results during 1978 or 
1979.

As for other foodstuffs, if pragmatism is to be the key and if the Commission 
is to be able to treat problems as they arise, it is impossible to adhere to an 
exact programme and timescale, and it would be misleading to be more precise. 
For this reason alone it is obvious that this list of future activities is necessarily 
incomplete and it is incumbent on those with a particular interest to keep 
abreast of affairs using the possibilities offered by the consultations referred to 
in the first part of this article.
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Behaviour o f some volatile compounds during storage of 
orange juice powder with low and intermediate moisture 
contents

D. PAPANICOLAOU*, J. RIGAUD, F. SAUVAGEOT, P. DUBOIS 
a n d  D. SIMATOS

Summary
The changes in flavour of orange juice powder at low and intermediate 
moisture contents have been studied by sensory analysis, as a function of time 
and temperature (27—69°C). The development of some volatile components 
has also been studied by gas chromatography.

The volatiles, which show the most significant increase when a change in 
flavour becomes detectable by the taste-testing panel, are furfural and diacetyl, 
specially in the product with the lower moisture contents (2—15% water content). 
In the product with higher water contents (20—40%), the concentrations of 
these two volatiles exhibit a smaller increase, but the increase in the amounts of 
a-terpineol and 3-methyl-2-buten-l-ol contents become more important.

It is suggested that under these experimental conditions, the origin of 
diacetyl may be oxidation of acetoin.

Introduction
Several investigations have been devoted to the changes in orange juice during 
storage: Huskins, Swift & Veldhuis (1952) and Huskins & Swift (1953) have 
studied the changes affecting nitrogen, phosphorus and fatty constituents; 
Blair et al. (1952) have discussed the chemical reactions which can be respon
sible for changes in flavour; Rymal et al. (1968), Askar, Bieling & Treptow
(1973) and Tatum, Nagy & Berry (1975) have investigated the modifications in 
volatiles composition. For orange juice in the dried state, Tatum, Shaw & Berry
(1967) identified several volatiles formed in non-enzymatic browning processes. 
Knowledge is however limited concerning quantitative changes of volatiles,
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especially in the initial period of storage, when a taste-testing panel is still not 
able of detecting, or begins to detect, a change in flavour.

The behaviour of volatiles in orange juice powder with low and intermediate 
moisture contents, at room temperature or slightly higher ones, is, however, of 
great practical significance, since these conditions can be met during the storage 
of the dried product, or during the final steps of the drying processes. These final 
steps are known to be the most deleterious in drying operations of products 
such as fruit juices, due to the high temperatures which may then be encoun
tered.

In the present investigation, we have tried to correlate the changes in flavour, 
as observed by a tasting panel, with the behaviour of some volatiles. The 
product examined was freeze dried orange juice rehydrated to moisture 
contents ranging from 3 to 40%: the lower figures are similar to residual 
moistures of industrial dried fruit products; the higher ones correspond to 
moisture contents of the product during the final steps of drying operations.

Methods
Orange juice

A commercial orange concentrate (65°C Brix*) has been mixed with fresh 
juice (12° Brix), obtained in the laboratory by pressing fruits, in order to 
prepare a concentrate of good flavour (26° Brix — Product A). Product B was 
a fresh juice (12° Brix) obtained in the laboratory. Products A and B were 
frozen immediately after preparation and then freeze dried in operating condi
tions which were not deleterious to flavour.

Processing o f  samples
The dry material was conditioned in aluminium tubes (length 18cm, dia

meter 3.5 cm, thickness 0.01 cm) which were closed by flattening the open end 
and covering it with adhesive tape. These tubes allowed the rather large amounts 
of material which were necessary for the panel (120 g per tested sample, in two 
tubes) to be submitted to abrupt changes in temperature.

The tubes were placed in thermostated and ventilated chambers for condi
tioning at moderate temperature (22—47°C) and in stirred water baths for 
conditioning at the higher temperatures (52-69°C). The temperature fluctuat
ed less than ± 0.4°C. At the end of the desired heating time, rapid cooling of 
the tubes was obtained by immersing them in cold water. A part of the dry 
product, which was given as a reference sample to the panel, was stored at 
— 35°C.

* ° Brix = sucrose co n ten t (g 1_1) o f a so lu tion  w hich should  give th e  same re frac to m ete r  
figure as th e  tested  p ro d u c t.
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The different moisture contents were obtained by adding water to the tubes 

before closing them. The residual moisture of the product after freeze drying, 
measured by the Karl Fischer method, was taken into account in the calcula
tions of water contents (expressed as wt/wt%).

S e n s o r y  a n a l y s i s

The rehydrated samples (10° Brix) were evaluated by a panel of twenty 
judges who were accustomed to the taste testing of juices. The judges were 
offered five samples (including the control) and were asked to rank them on a 
1—9 scale. The results were submitted to the variance analysis method and to 
the Duncan test. The samples were exposed to each conditioning temperature 
for various time intervals. A critical time for flavour alteration (CTFA) was 
determined by interpolation between the time when the product was first 
judged to be different from the control (and rated lower) and the time of the 
preceding tasting when the sample was not found significantly different from 
the control.

A n a l y s i s  o f  t h e  v o l a t i l e s

E x t r a c t i o n .  The dry material (150g) was rehydrated with 400 ml of distilled 
water; 2 ml of a 4-methyl-2-pentanone solution (100 ppm) were added to the 
juice as an internal standard. The volatiles were extracted by steam stripping 
under reduced pressure and at a temperature not exceeding 35°C. The mixture 
(300 ml) which was collected in traps at 0 and — 196°C was saturated with 
(NH4)2 S04, and volatiles extracted with ethyl ether. After separation from the 
aqueous phase, the ether phase was dried over Na2 S 04, then concentrated to 
10 ml by raising the temperature, and finally 0.5 ml under nitrogen flow. 
Chemical were of high purity grade (Merck).

G a s  c h r o m a t o g r a p h y  a n d  m a s s  s p e c t r o m e t r y .  The qualitative analysis o f the 
volatiles was carried out with a gas chromatograph (Girdel 3.000) associated 
with a mass spectrometer (Varian Mat CH5 type). The quantitative analysis was 
performed with a gas chromatograph (Packard 7.400) associated with an elec
tronic integrator (Hewlett Packard 3380A) under the following conditions:

flame ionization detector (250 V),
glass column 6 m, diameter 2 mm, packed with Chromosorb W-AW80-100 

mesh impregnated with 15% Carbowax 2 0 m,
temperature of injector 220°C, detector 240°C,
temperature of column: isotherm at 68°C for 23 min, then increase of 

2.3°C/min from 68 to 180°C,
flow rate of nitrogen 20ml/min, hydrogen 25ml/min, air 250ml/min 

( N  = 9.250 theoretical plates for diacetyl).
The extraction ratio was determined for furfural diacetyl and 4-methyl-2- 

pentanone, by comparing the amounts determined in the extracts obtained

v i a a a u a  l a  n  %
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from a control juice, with a sample to which known quantities of these volatiles 
had been added.

The contents of other volatiles in the extract are expressed as peak areas, the 
unit area being the area of 4-methyl-2-pentanone for this sample.

R e s u l t s
Influence o f  temperature and humidity on the CTFA

The CTFA values which have been observed at different temperatures for 
2.6% residual moisture are given in Table 1.

Plotting the reciprocal logarithm of the CTFA versus the reciprocal of the 
absolute temperature (Fig. 1), the activation energy of the change of flavour 
can be calculated as 41.9 kcal mole-1.

The CTFA decreased when water content was raised in the rather narrow 
range which has been examined (Table 2).

Table 1. In fluence o f tem p era tu re  on  C TFA  (w ater 
co n te n t 2.6%)

T em p era tu re  (°C ) C TFA  (h r)

69 0.3
61 2.2
53 12.5
45 120.0
37 240 .0
32 840 .0
27 1920.0

410-
F ig u re  1. Influence o f tem p era tu re  on  the  critical tim e fo r flavour a lte ra tion  
(C F T A ). T  = ab so lu te  tem p era tu re  (K ), f c = C TFA  (s), residual m oisture o f the 
pow der 2.6%  (P ro d u c t A).
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Table 2. In fluence o f w ater co n ten t on  C TFA  
(tem p e ra tu re  32°C )
W ater co n te n t (%) C TFA  (hr)

2.6 840
4.2 480
6.8 360

D eve lo p m en t o f  volatiles
Two chromatograms of samples of the control juice and of the same juices 

after heating at 61°C for 7 hr (residual moisture 3.5%), are presented in Fig. 2. 
Of the fifty-six peaks, sixteen have been identified.

Figure 2. C hrom atogram  of th e  volatiles ex tra c ted  a fte r reh y d ra tio n  o f orange 
ju ice  pow der (p ro d u c t A ); (a) co n tro l, (b) a f te r  heating  at 61°C  fo r  7 h r (resi
dual m o istu re  3.5%).
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Figure 3. E vo lu tio n  o f volatiles co n te n t as a fu n c tio n  o f tim e o f heating  a t  61°C  
(P ro d u c t A) (residual m oisture 3.5% ) fo r ace to in  and a -te rp in eo l (a rb itra ry  
un its).

Figure 3 shows the development of those volatiles which exhibit the largest 
changes during conditioning of the product at 61°C (water content 3.5%). 
Furfural shows an almost linear increase as a function of heating time; for 
diacetyl content a maximum is observed after about 7 hr; acetoin exhibits the 
opposite behaviour from diacetyl; a-terpineol content increases in the final 
stage of treatment.

The influence of water content is shown in Fig. 4.
After heating times equal to CTFA, or slightly shorter than that, furfural and 

diacetyl concentration increase, and the acetoin concentration decreases 
(Table 3). It can be seen in Table 3 that diacetyl and furfural are present in 
the control (A) as well as in control (B) which was freshly pressed orange 
juice.

Table 3. V o latile  co n ten ts  a f te r  heating  tim es «  C TFA  (w ate r co n ten t 3.5% )

V olatiles co n ten ts

T em peratu re
(°C )

H eating
tim e
(hr)

F u rfu ra l
(ppm )

D iacety l
(ppm )

A ceto ine
arb itrary

a -te rp in eo l
un its

C o n tro l (ju ice A) 0 0.012 0.008 1.79 1.64
61 °C  (juice A) 0.5 0 .024 0 .027 1.61 1.75
C o n tro l (juice B) 0 0.013 0.010 2.86 0.162
37°C  (juice B) 240 0.213 0.216 2.65 0 .146
27°C  (juice B) 1680 0.210 0.173 2.05 0.145
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F ig u re  4 . In fluence o f  w ater co n ten t on  th e  volatiles c o n ten ts  a f te r  heating  
at 61°C  fo r 7 h r  (p ro d u c t A) (a rb itra ry  un its).

D is c u s s io n

Furfural has been identified in orange juice powder after storage by Tatum e t 
al. (1967) and Dinsmore & Nagy (1971). Shaw e t al. (1966) have shown that this 
compound is formed during heating of a solution of fructose and ascorbic acid. 
Tatum, Shaw & Berry (1969) and Huelin e t al. (1971) have demonstrated that 
its origin is the degradation of ascorbic acid.

It has been observed (Papanicolaou, 1975) that the destruction rate of 
ascorbic acid was highest for a certain water content (about 10% at 61°C). This 
similarity in behaviour with the furfural production suggests that the furfural 
originates mostly from degradation of ascorbic acid.

Diacetyl has been shown to be produced in orange juice by bacteria (L a c to 
bacillus  and L eu co n o sto c )  or yeasts (Saccharom yces carlsbergensis and 
cerevisiae) (Murdock, 1964). The presence of this substance in orange juice is 
considered an indication of poor sanitary conditions during extraction or con
centration processes (Murdock, 1967, 1968). In the present investigation, 
however, the microbial origin of diacetyl seems to be very improbable: the 
preparation of juice (product B) was carried out under such conditions (con
tamination, temperature and time) that growth of microorganisms should have 
been limited; the residual moisture of the dry product was very low (water 
activity about 0.12) and would not permit such growth.
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Murdock (1964, 1967) suggested that diacetyl could originate from chemical 

degradation of sugars; the assay with the Voges- Proskauer reaction, however, 
gave negative results with solutions of sucrose, glucose and citric acid, heated at 
120°C for 20 min (pH = 3.5). But El’Ode et al. (1965), Scanlan et al. (1973) 
demonstrated the formation of diacetyl in solutions of sugar and amino acids.

These experiments, however, have been performed at high temperatures. It 
was necessary for us to verify that diacetyl production was also possible under 
the present experimental conditions.

A model solution containing sucrose, glucose, fructose, ascorbic acid, citric 
acid and amino acids of the orange juice, was freeze dried. After the water 
content was raised to 12%, the product was heated at 61°C for 6 and 14 hr.

The analysis of volatiles was carried out as for orange juice. Furfural was 
observed after 6 hr heating time, diacetyl only after the longer heating time. 
The measured quantities were larger than in orange juice powder for fur
fural, but smaller for diacetyl. Thus it seems probable that in orange juice 
powder other mechanisms also produce diacetyl; oxidation of acetoin might be 
one of them. Moshonas & Shaw (1972) have detected 3-methyl-2-buten-l-ol in 
lemon juice. A peak with the same retention time was observed with our model 
solution; this suggests that this volatile originates from a Maillard reaction, 
a-terpineol has been reported to be present at high concentrations in orange 
juice after storage or over-heating by Blair et al. (1952), Rymal et al. (1968), 
and Tatum et al. (1975). Blair et al. (1952) ascribed the origin of this sub
stance to hydration of limonene. The fact that the observed terpineol produc
tion increased with water content of the product (Fig. 4) seems to be in 
accordance with this interpretation.

a-terpineol has been proposed (Askar et al. 1973) as an index of prolonged 
storage or over-heating of orange juice. Furfural has been suggested for the 
same purpose by Dinsmore & Nagy (1972, 1974) and Nagy & Dinsmore
(1974). Furfural does not seem to be very significant as far as flavour change 
is concerned (Nagy & Randall, 1973). Although the increase of a-terpineol is 
associated with a bitter taste, this bitterness is not due to this single substance 
(Swift, 1961).

After heating at 61°C for a time equal to the CTFA, the diacetyl content of 
the product was estimated to be 0.1 ppm, thus exhibiting a sevenfold increase 
when compared with the control. The flavour thresholds in various media are in 
the range of 0 .005-0 .0 2 ppm (Siek et al., 1969; Stahl, 1973). It thus seems 
possible that diacetyl plays a significant part in the early change of flavour of 
orange juice powder.

C o n c lu s io n

The volatiles which exhibit the most significant increase in orange juice powder 
during storage or heating, before the critical time for flavour alteration is 
attained, have been found to be furfural and diacetyl. The second of these
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compounds, at least, seems to be able to play a significant part in the early 
changes of flavour of the product. These volatiles are present in small amounts 
in orange juice; the increase in furfural content during storage or heating of the 
dry product seems to originate from ascorbic acid degradation; the origin of 
diacetyl may be also a non-enzymatic browning reaction, and/or oxidation of 
acetoin. If, however the diacetyl content is high, and furfural content low, the 
origin of diacetyl may be the microbial activity in the juice before drying.

In orange juice powder with rather high moisture contents (20—40%), the 
increase of the above two volatiles is less important. On the contrary, 
a-terpineol and 3-methy 1-2-butene-l-ol concentrations show a greater increase. 
The first one of these compounds can also have a deleterious effect on flavour.

For orange juice powders with a high moisture content a-terpineol may be 
used as an indicator of over-heating or prolonged storage. For powders of low 
moisture content furfural and diacetyl may be preferable.
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The effect of iron on botulinal inhibition in perishable 
canned cured meat

R. B. TOMPKIN, L. N. CHRISTIANSEN a n d  A. B. SHAPARIS

S u m m a r y

Iron is critical to the inhibition of Cl. botulinum  in perishable canned cured 
meat. An excess of ‘available’ iron negates the inhibitory effect of nitrite. A 
hypothesis for the mechanism of nitrite inhibition which is compatible with 
existing information is that nitric oxide reacts with an essential iron containing 
compound within the germinated botulinal cell and prevents outgrowth.

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

The mechanism by which nitrite inhibits botulinal outgrowth in cured meats 
has been elusive. Attempts have been made to ascribe the inhibitory effect of 
nitrite to a Perigo type factor. However, the data which have been developed to 
prove the existence of such a factor in commercially manufactured product 
have been inconclusive. Formation of the factor described by Perigo, Whiting & 
Bashford (1967) would require a more severe thermal process than that which 
is given to perishable cured meats. Despite this, several studies have shown a 
direct relationship between the level of added nitrite and the degree of 
botulinal inhibition in perishable cured meat (Christiansen et al., 1973, 1974; 
Tompkin, Christiansen & Shaparis, 1977).

Perishable canned cured pork is a product which is amenable to study under 
more controlled conditions than most perishable cured meats. The formulation 
contains relatively few ingredients. It is given a mild heat treatment which is 
not believed to be injurious to a botulinal spore inoculum but yet will destroy 
most non-sporeforming contaminants (Tompkin, Christiansen & Shaparis, 
1978b). The product is processed in the container in which it is marketed; so, it 
is not exposed to post process contamination. Growth of Bacillus species which 
might survive the process has not been observed in the test product manu
factured in our laboratory. Excessive levels of thermoduric lactobacilli can

A u th o rs’ address: Sw ift & C om pany , R esearch  and D evelopm ent C en ter, O ak B rook , 
Illinois 6 0 5 2 1 , U.S.A.
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survive the process and prevent botulinal outgrowth due to their lowering the 
pH of the product. Such instances seldom occur; however, this possibility must 
be considered when working with this class of product.

Some variation in the degree of botulinal inhibition with nitrite has been 
observed under ‘controlled’ conditions (Tompkin et al., 1977). An extensive 
series of tests subsequently has been conducted to determine the cause of the 
variation in inhibition (Tompkin, Christiansen & Shaparis, 1978a,b,c). The 
ultimate goal of this research has been to learn the mechanism by which nitrite 
delays botulinal outgrowth. One series of experiments (Tompkin et al, 1978b) 
demonstrated that the type of meat used in the product can influence botulinal 
inhibition. There appeared to be an inverse relationship between the amount of 
muscle pigmentation and the degree of inhibition. Pork and beef hearts showed 
no inhibition of Cl. botulinum  even though 156pg/g sodium nitrite had been 
added to the product. The rate of nitrite depletion in heart meat was not 
measurably altered from that of product formulated with pork ham.

Nutritive values for beef hearts, port hearts, beef rump roast, and fresh pork 
ham show some differences among these meats (Adams, 1975). Heart meat 
contains about half as much calcium, twice as much iron, and ten times as 
much riboflavin as rump roast and pork ham. These are approximations since 
the values listed in USDA Handbook No. 456 are for cooked hearts while the 
other meats are listed as raw meats.

Experiments described in this paper examined the effect of calcium, iron, 
and riboflavin content on botulinal inhibition in perishable canned cured meat. 
The results show iron to be an integral factor in the inhibitory mechanism of 
nitrite.

522 R . B. T o m p k in , L. N. C h ristian sen  a n d  A . B. Sh aparis

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

Inoculum
The Cl. botulinum  inoculum consisted of a mixture of five type A (33A, 

36A, 52A, 77A, and 12885A) and five type B (ATCC 7949, 41B, 53B, 213B, 
and Lamanna B) strains prepared as described by Christiansen et al. (1973). 
The mixed spore suspension was heat shocked at 80°C for 15 min and added to 
the meat during formulation using a target level of 100 spores/g.

Formulation and processing
Perishable canned comminuted cured meat was formulated with salt, water, 

and sugar; inoculated; processed; and chilled as previously described 
(Christiansen et al., 1973). The meat portion consisted of fresh pork ham 
except in the first experiment where beef liver, hearts, or round were also used. 
All product was formulated with 1 56pg/g of sodium nitrite.
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Testing o f  additives
Riboflavin (U.S.P. grade — Merck & Co., Rahway, N.J.), anhydrous calcium 

chloride (J. T. Baker Chemical Co., Phillipsburg, N.J.), and purified reduced 
iron metal powder (Allied Chemical, New York) were added to the ground 
meat during formulation. The riboflavin and calcium were added to beef round 
and pork ham to give levels comparable to those reported for heart meat 
(Adams, 1975). Iron was added to beef round and pork ham at two times the 
naturally occurring level to retain the calcium-to-iron ratio that reportedly 
occurs in heart meat (Adams, 1975). The levels used were 4.83 mg riboflavin
207.8 mg CaCl2, and 33.5 mg iron powder per 2250 g of meat.

The effect of different forms of iron and other metal ions were evaluated. 
The additives included ferrous chloride (FeCl2 • 4H20  -  Mallinkrodt Chemical 
Co., St Louis), ferric chloride (FeCl3-6H20  -  J. T. Baker Chemical Co.), 
magnesium chloride (MgCl2-6H20  — Allied Chemical, New York), manganese 
chloride (MnCl2 • 4H20  — Matheson Coleman & Bell, Norwood, Ohio), and zinc 
chloride (ZnCl2 — J. T. Baker Chemical Co.). Each additive was tested at a level 
of 0.00132 molar to approximate twice the level of iron reported for heart 
meat (Adams, 1975).

Holding conditions
Twenty-five cans of inoculated product per test variable were placed at 27°C 

for up to 110 days. Cans were removed from incubation as they swelled.

Microbiological and chemical analyses
Spore levels, toxin assays, and nitrite analyses were determined as described 

by Christiansen et al. (1973). The first five cans to swell from each test variable 
were tested for botulinal toxin. A total of ninety cans were tested for botulinal 
toxin; eighty were toxic.

R e s u l ts

Figure 1 shows the extent of inhibition in control product formulated with 
pork ham or beef round. Product formulated with beef hearts showed no in
hibition. A set of twenty-five cans formulated with beef hearts plus added 
calcium (data not shown) also showed no inhibition. Product prepared with 
50% beef round and 50% beef hearts gave a response intermediate between the 
responses obtained for beef round and beef hearts (data not shown).

Pork or beef supplemented with riboflavin gave the same degree of inhibition 
as pork or beef without riboflavin. All variables of pork ham or beef round 
formulated with iron show a marked loss of inhibition. Addition of calcium or 
riboflavin along with the iron did not alter this response.

3 4
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Beef round Beef round + iron

[  /

Pork + iron

Beef round + CaCI2 + iron

Pork + ribof!avin+ iron

1

Beef liver

80 100
Days at 27 °C

Figure 1. E ffect o f iron , calcium , and riboflavin  on  b o tu lin a l o u tg ro w th  in perish
able canned cured m eat fo rm u la ted  w ith  156jug/g sodium  n itrite  and held at 
27°C .

Product formulated with beef liver gave the same degree of botulinal in
hibition as product containing beef round. The data demonstrate that some 
factor (e.g. iron) in addition to the level of residual nitrite influences the degree 
or botulinal inhibition in the case of hearts and beef liver. The levels of residual 
sodium nitrite in product with beef livers, beef hearts, and beef round were 32, 
100, and 86jug/g, respectively, after processing.

The data in Fig. 2 show that adding iron in either the ferrous or ferric state 
causes a loss of botulinal inhibition. This phenomenon is unique to iron. 
Magnesium, manganese and zinc did not reduce the inhibitory effect of nitrite. 
In a subsequent test it has been found that the rate of residual nitrite depletion 
at 27°C is not altered by the addition of iron.

The levels of iron in product formulated with pork ham, beef round, beef
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Ferric chloride Magnesium chloride (93)

0 20 40 60 80 100 0 20 40 60 80 100
Days at 27 °C

Figure 2. E ffect o f iron  and  o th e r  m eta l ions on  b o tu lin a l o u tg ro w th  in perish 
able canned  cu red  m eat fo rm u la ted  w ith  156 jug/g sodium  n itr ite  and held  at 
27 C. V alues in  paren theses are fo r residual sod ium  n itr ite  afte r processing.

liver, and heart meats were 9 -1 2 ; 20-27; 49 and 38-53  jug/g, respectively 
(Table 1). Addition of iron to pork ham resulted in iron levels of 86-113.

D is c u s s io n

It was earlier reported that adding EDTA, sodium isoascorbate, sodium 
ascorbate, or cysteine to perishable canned cured meat enhances the anti-

Table 1. Iro n  co n ten t o f lab o ra to ry  p repa red  perishab le canned cured m eat

No. o f
sam ples tested

Level of 
iron  (jug/g)

P ork  ham  + iron  pow der 2 86, 87
P ork ham  + ferrous ch loride 1 88
P ork ham  + ferric  ch loride 1 113
Beef hearts 1 53
P ork hearts 4 3 8 - 4 8
Beef liver 1 49
Beef rou n d 3 2 0 - 2 7
Pork ham 9 9 - 1 2

The sam ples include p ro d u c t p repared  fo r b o th  ex perim en ts  described in th is 
paper and ad d itiona l sam ples from  o th e r  ex perim en ts  e ith er co m pleted  o r in 
progress.



botulinal effect of nitrite. It was concluded that this effect was due to seques
tering a metal ion which is inherent in meat (Tompkin et al., 1978a).

An inverse relationship has been demonstrated between the amount of 
muscle pigmentation and the degree of botulinal inhibition in perishable canned 
cured meat (Tompkin et al., 1978b). This effect seemed to be due to the 
presence of some factor in the meats which strongly influenced nitrite inhibi
tion and botulinal outgrowth. The time for outgrowth to occur in pork or beef 
hearts was independent of the level of residual nitrite. It is expected, however, 
that for each type of meat a direct relationship does exist between the level of 
added nitrite and botulinal outgrowth. An example of this is pork ham 
(Tompkin et al., 1977).

The present research offers an explanation for the earlier findings. Iron has 
been found to be a critical factor influencing the degree of botulinal inhibition 
in perishable canned cured meat. Indeed, an excess of ‘available’ iron negates 
the inhibitory effect of residual nitrite. It seems unlikely that the addition of 
iron merely stimulated outgrowth of Cl. botulinum. In the absence of nitrite 
but in the presence of EDTA (Tompkin et al., 1978a) or isoascorbate 
(Tompkin et al., 1978c) where iron and other metal ions were chelated, the 
outgrowth times (time to swell) were the same as in similar variables without 
the sequestering agents. That is, all non-nitrite variables swelled in approxi
mately 1 week.

Heart meat contains more iron than the skeletal muscles which have been 
tested (Table 1). This could explain the difference in inhibition obtained with 
heart meat as opposed to pork ham and beef round. However, beef liver, which 
has as much iron as heart meat, did not show a loss of inhibition. This indi
cates that the quantity of iron in the tissue is an incomplete explanation for 
this effect. A more likely explanation is the availability of the iron in the tissue.

Existing literature offers little information on the role of iron in Clostridia 
other than its involvement in electron transport and energy production. Ferre- 
doxins and flavodoxins are largely responsible for this activity in clostridia. 
Both are small nonheme iron-sulphur proteins. Yoch & Valentine (1972) listed 
thirteen clostridial species, including Cl. sporogenes, which are known to 
contain ferredoxin. They also listed eighteen enzymes from fermentative 
bacteria which are dependent upon ferredoxin for their activity. Most 
organisms devoid of cytochromes contain ferredoxins (Mortenson & Nakos,
1973). It is predictable that Cl. botulinum  also contains iron-sulphur proteins 
which are essential for electron transport, enzyme activity, and energy produc
tion.

Residual nitrite dissociates in meats to yield highly reactive nitric oxide 
which can react with the iron in compounds such as catalase, the peroxidases, 
cytochromes, cytochrome oxidase, haemoglobin and myoglobin (Bard & 
Townsend, 1971).

A plausible hypothesis for the inhibitory effect of nitrite upon Cl. botulinum  
is a reaction of nitric oxide with the iron of a compound, such as ferredoxin, 
within the germinated cell. Such a reaction could interfere with the energy
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metabolism of the germinated cell and prevent outgrowth. This would agree 
with several reports showing that nitrite, at the levels present in commercially 
cured meats, acts by preventing outgrowth of the germinated spores (Duncan & 
Foster, 1968; Labbe & Duncan, 1970; Pivnick et al., 1970).

R e f e r e n c e s

A dam s, C .F. (1 9 7 5 ) N u tr i t iv e  V a lu e  o f  A m e r ic a n  F o o d s . A griculture H an db o ok  No. 456 , 
A gricu ltu ral R esearch Service, U n ited  S tates D ep artm en t o f  A griculture.

B ard, J . & T ow n send , W.E. (1 9 7 1 ) T h e  S c ie n c e  o f  M e a t a n d  M e a t P r o d u c ts  (E d . by  J .F . Price 
an d  B.S. S chw eigert) p . 445 . W. H. F reem an , San F rancisco .

C hristiansen, L .N ., Jo h n s to n , R.W ., K a u tte r , D .A ., H ow ard , J.W. & A unan, W .J. (1 9 7 3 ) 
A p p l .  M ic ro b io l. 25 , 357 (E rra tu m , 26 , 653).

C hristiansen , L .N ., T o m p k in , R .B ., Shaparis, A .B ., K ueper, T .V ., Jo h n s to n , R.W ., K au tte r, 
D.A. & K olari, O .J. (1 9 7 4 ) A p p l .  M ic ro b io l. 2 7 , 733 .

D uncan , C .L. & F o ste r, E.M. (19 6 8 ) A p p l .  M ic ro b io l.  16, 406 .
L abbe, R .G . & D uncan , C .L. (1 9 7 0 ) A p p l .  M ic ro b io l. 19, 353 .
M ortenson , L.E. & N akos, G. (1 9 7 3 ) I r o n - S u lp h u r  P ro te in s , Vol. 1, B io lo g ic a l P ro p e r tie s  

(E d . by  W. L ovenberg), p . 37. A cadem ic Press, L ondon.
Perigo, J .A ., W hiting, E. & B ashford , T .E . ( 1 9 6 7 ) / .  F d  T e c h n o l, 2, 377 .
P ivnick, H ., Jo h n s to n , M .A., T hacker, C. & L oynes, R. (1 9 7 0 ) C an. In s t .  F d  T e c h n o l. J . 3, 

103.
T o m p k in , R .B ., C hristiansen , L.N. & Shaparis, A.B. ( 1 9 7 7 ) / .  F d  S e i. 4 2 , 1046.
T o m p k in , R .B ., C hristiansen , L.N. & Shaparis, A.B. ( 1 9 7 8 a ) / .  F d  S e i. 43 , 1368.
T om pk in , R .B ., C hristiansen , L.N. & Shaparis, A.B. (1 9 7 8 b ) A p p l .  E n v iro n . M ic ro b io l. 35 , 

886.
T o m p k in , R .B ., C hristiansen, L.N. & Shaparis, A.B. (1 9 7 8 c) A p n l .  E n v iro n . M ic ro b io l. 35,

59.
Y och, D.C. & V alen tine , R.C. (1 9 7 2 ) A nn. R e v .  M ic ro b io l. 26 , 139.

(Received 3 January 1978)



/ .  F d  T e c h n o l.  (1 9 7 8 ) 1 3 ,5 2 9 - 5 4 0

The e ffec ts  on  broiler ch icken  o f  p o lyp h osp h ate  in jection  
during com m ercial processing
I. C h a n g e s  in  w e i g h t  a n d  t e x t u r e

T. C. GREY, D. ROBINSON a n d  J. M. JONES

S u m m a r y

The process of injection of 5% polyphosphate solution into the breast of 
broiler chickens under commercial conditions had a variable but insignificant 
effect on the weight of water absorbed during immersion chilling and did not 
influence the amount of fluid lost on thawing or cooking. However, it pro
duced a net increase in the weight of the carcase at all stages (chilling, freezing, 
thawing and cooking) subsequent to injection. After thawing and cooking a 
significant tenderizing effect in treated birds was observed.

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

The extensive use of polyphosphate to reduce processing and cooking losses 
during the commercial processing of red meats led to investigations in America 
of the possible use of polyphosphates to reduce weight losses which occurred 
during the commercial processing of poultry.

The presence of low amounts (c. 2.5%) of polyphosphate in the chill water 
generally increased the amount of water taken up by carcases during chilling 
while levels of 5 — 12% polyphosphate in the chill water tended to reduce the 
amount of water taken up. During the subsequent storage in ice, treated birds 
lost less moisture than did untreated carcases, (Klose, Campbell & Hanson, 
1962, 1963; Mountney & Arganosa, 1962; Schermerhorn & Stadelman, 1962; 
Mahon, 1963; Thomson, Kotula & Novotny, 1963). In addition to its effects 
on moisture uptake, polyphosphate treatment was reported to reduce cooking 
losses and to improve the tenderness of the meat (Schermerhorn & Stadelman, 
1962; Spencer & Smith, 1962; May, Helmer & Saffle, 1962). Klose et al. (1962) 
found, however, that polyphosphates had no effect on meat tenderness.

Despite the claims made for polyphosphate treatment, the process was not 
widely adopted by American poultry processors because it was not feasible to

Authors’ address: Agricultural Research Council, Food Research Institute, Colney Lane,
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im m e rse  b ro i le r  ca rc a se s  fo r  6 to  18 h r ,  th e  tim e  r e q u ire d  to  a llo w  a d e q u a te  
p e n e t r a t io n  o f  p o ly p h o s p h a te s  th ro u g h  th e  sk in . T o  o v e rc o m e  th is  d i f f ic u l ty , 
m e th o d s  fo r  th e  a d d i t io n  o f  p o ly p h o s p h a te  b y  in je c t io n  w e re  d e sc r ib e d  in  th e  
U n ite d  S ta te s  a n d  th e  U n ite d  K in g d o m  (S c h w a ll, R o g e rs  & C o rb in , 1 9 6 8 ; H a le , 
1 9 7 7 ; A lb r ig h t & W ilson , 1 9 6 3 ). In  th e  U .S .A ., w h e re  p ro c e ss in g  m e th o d s  a re  
c a re fu lly  c o n tro l le d  b y  F e d e ra l in s p e c tio n , th e  a d d i t io n  o f  3%  o f  th e  ca rcase  
w e ig h t b y  in je c t io n  te c h n iq u e s  is a llo w e d , b u t  w e a re  n o t  a w a re  th a t  th e  in je c 
t io n  o f  p o ly p h o s p h a te  is c a r r ie d  o u t  c o m m e rc ia lly  in  th e  U .S .A .

H ale  ( 1 9 7 7 )  fo u n d  th a t  c o o k in g  y ie ld s  a n d  te n d e rn e s s  w ere  im p ro v e d  a f te r  
in je c t io n  o f  c h ille d  c a rcases  w ith  a s o lu t io n  c o n ta in in g  12%  p o ly p h o s p h a te .

In  th e  U n ite d  K in g d o m , w h e re  in je c t io n  p ro c e d u re s  hav e  b e e n  e m p lo y e d  b y  
a n u m b e r  o f  c o m p a n ie s  f o r  severa l y e a rs , a to ta l  w e ig h t o f  5%  p o ly p h o s p h a te  
s o lu t io n  e q u iv a le n t to  4 —7%  o f  th e  w e ig h t o f  th e  e v isc e ra te d  ca rcase , is in je c te d  
p r io r  to  im m e rs io n  ch illin g .

T h is  p a p e r  r e p o r ts  th e  re su lts  o f  an  in v e s tig a t io n  in to  th e  e f fe c t  o f  p o ly 
p h o s p h a te s  o n  th e  w a te r  r e te n t io n  a n d  te x tu r e  o f  b ro i le r  ca rcases  u s in g  th e  
in je c t io n  an d  im m e rs io n  ch illin g  p ro c e d u re  n o rm a lly  e m p lo y e d  in  U n ite d  
K in g d o m  p ro c e ss in g  p la n ts . A  se c o n d  p a p e r  r e p o r ts  o n  th e  p e rc e iv e d  e f fe c ts  o f  
p o ly p h o s p h a te s  o n  th e  m e a t  as m e a su re d  b y  c o n s u m e r  a n d  e x p e r ie n c e d  se n so ry  
p a n e ls  (G r if f i th s  & W ilk in so n , 1 9 7 8 ).

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

R e a g e n t s

A n a ly tic a l  re a g e n ts  w ere  p u rc h a s e d  f ro m  B D H  C h e m ic a ls  L td , P o o le , D o rse t , 
a n d  w ere  o f  ‘A n a la r ’ g ra d e  e x c e p t  fo r  a m m o n iu m  m e ta v a n a d a te . G lass d is tille d  
w a te r  w as u se d  fo r  th e  p r e p a r a t io n  o f  a q u e o u s  s o lu tio n s .

I n j e c t i o n  s o l u t i o n s
P U R O N  6 0 4 0  c o n c e n t r a te d  p o ly p h o s p h a te  s o lu t io n  w as o b ta in e d  f ro m  

A lb r ig h t a n d  W ilson L td ,  O ld b u ry , W arley , W orcs. T h e  in je c t io n  s o lu t io n  w as 
p re p a re d  b y  d i lu tin g  o n e  v o lu m e  o f  P U R O N  6 0 4 0  (sp . gr. 1 .4 2 5 , 20 °C ) w ith  
te n  v o lu m e s  o f  w a te r . I t  w as fo u n d  n e c e ssa ry  to  s t i r  th e  s o lu t io n  th o ro u g h ly  to  
o b ta in  c o m p le te  m ix in g ; th is  w as c h e c k e d  b y  ta k in g  th e  sp e c ific  g ra v ity  (1 .0 4 0  
a t  20°C  fo r  a 5% w /v  s o lu tio n ) .

T h e  m a n u f a c tu r e r ’s r e c o m m e n d e d  a m o u n t  o f  5% w /v  p o ly p h o s p h a te  so lu 
t io n  to  be  in je c te d  is e q u a l to  4 —7%  o f  th e  w e ig h t o f  th e  e v isc e ra te d  ca rcase , 
th is  level o f  p o ly p h o s p h a te  w ill be  te rm e d  th e  ‘n o rm a l d o s e ’, w h ic h  w as c o m 
p a re d  w ith  h a l f  a n d  tw ic e  th is  a m o u n t .  S o lu tio n s  w e re  in je c te d  in to  th e  b re a s t  
o n  e i th e r  sid e  o f  th e  k ee l b o n e  u s in g  a h a n d -o p e ra te d  p n e u m a tic  in je c to r  u n i t  
( A u ta rk y  M ach in e  C o . L td , E a s t G r in s te a d , S u ssex .)
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E s t i m a t i o n  o f  p h o s p h o r u s

P h o s p h o ru s  (as  P 2 0 5) in  th e  in je c t io n  s o lu t io n  a n d  b re a s t  m u sc le  w as d e te r 
m in e d  fo llo w in g  th e  m e th o d  o f  G re y , R o b in s o n  & J o n e s , (1 9 7 7 ) .

M a t e r i a l s
R o ss  I b ro i le r  c h ic k e n s  w e re  g ro w n  u n d e r  c o m m e rc ia l r e a r in g  c o n d i t io n s . A t 

s la u g h te r  th e  b ird s  w e re  b e tw e e n  5 0 —5 6  d a y s  o f  age a n d  w e ig h ed  u p  to  2 .5  kg  
(live  w e ig h t) . T h e  b ro i le rs  w e re  p a r t  o f  th e  d a ily  th ro u g h p u t  o f  c o m m e rc ia l 
p la n ts .

P r o c e s s i n g
B ro ile rs  w e re  h u n g  o n  sh a c k le s , e le c tr ic a lly  s tu n n e d  a n d  k ille d  w ith  a n  o u t 

s id e  n e c k  c u t . A f te r  b le e d in g  f o r  2 .5  m in  th e  b ird s  w ere  sc a ld e d  a t  5 1 —53°C  
m e c h a n ic a lly  p lu c k e d  a n d  a u to m a tic a l ly  e v isc e ra te d . T h e  p r o d u c t io n  w as 
s a m p le d  b y  re m o v in g  c a rcases  s e q u e n tia lly  a t  th e  e n d  o f  e v is c e ra tio n  a n d  b e fo re  
th e  f in a l sp ra y  w ash . T h e  c a rcases  w e re  la b e lle d , w e ig h e d , in je c te d  w ith  
a p p ro x im a te ly  6 0  m l o f  p o ly p h o s p h a te  s o lu t io n , re w e ig h e d  a n d  r e h u n g  o n  th e  
p ro c e ss in g  lin e . C o n tr o l  (u n in je c te d )  ca rc a se s  w e re  g iven  th e  sam e  t r e a tm e n t  
b u t  w e re  n o t  in je c te d . T o  a llo w  fo r  a n y  v a r ia t io n  in  p ro c e ss in g  c o n d i t io n s , 
tw e n ty - f iv e  c o n tro ls  fo llo w e d  b y  tw e n ty - f iv e  t r e a te d  ca rcases  w e re  ta k e n  
a l te rn a te ly  th r o u g h o u t  th e  d ay . A ll c a rcases  w e re  c h ille d  in  a tw o -s ta g e  
th ro u g h -f lo w  im m e rs io n  c h ille r  in  w h ic h  th e  w a te r  w as a g ita te d  b y  r o ta t in g  
p a d d le s . T h e  o p e ra t io n  o f  th e  ch ille rs  w as c o n tro l le d  as d e sc r ib e d  in  th e  A V E C  
C o d e  o f  P ra c t ic e  (A n o n ., 1 9 7 5 ). T h e  w a te r  te m p e ra tu re  in  th e  f irs t  s tag e  av e r
aged  13 a n d  2°C  in  th e  se c o n d  to  w h ic h  ice  w as a d d e d . A t th e  e n d  o f  ch illin g  
th e  c a rcases  w e re  r e h u n g  to  d r ip  fo r  a p p ro x im a te ly  14 m in . T h e  ca rcases  w e re  
th e n  re m o v e d  f ro m  th e  sh a c k le s  re w e ig h e d , bag g ed  a n d  im m e d ia te ly  f ro z e n  in  a 
b la s t f re e z e r  to  — 20°C .

F o u r  v is its  in v o lv in g  8 d a y s  o f  c o m m e rc ia l p ro c e ss in g  w e re  m a d e  a t  in te rv a ls  
o v e r  a p e r io d  o f  13 m o n th s .  B ro ile rs  w h ic h  h a d  b e e n  m o n i to re d  as a b o v e  w e re  
r e ta in e d  f ro m  e a c h  d a y ’s p ro c e ss in g , f ro z e n  a n d  t r a n s p o r te d  to  th e  la b o r a to ry  
in  a r e f r ig e ra te d  v e h ic le  a n d  s u b s e q u e n tly  s to re d  a t  — 20 °C  u n t i l  u se d .

C arcases  to  b e  a ir-c h ille d  w e re  re m o v e d  f ro m  th e  e n d  o f  th e  e v isc e ra tin g  lin e  
b e fo re  sp ra y  w a sh in g  a n d  t r a n s p o r te d  to  th e  la b o ra to ry  in  in s u la te d  c o n ta in e rs . 
T re a te d  b ird s  ( te n  p e r  g ro u p )  w e re  in je c te d  w ith  5% p o ly p h o s p h a te  s o lu tio n , 
w a te r  o r  a ir  u s in g  th e  A u ta r k y  I n je c to r  a n d  p la c e d  in  an  a ir  c h ille r  a t  1°C  fo r  
2 1/2 h r . T h e  a ir  f lo w  in  th e  c h ille r  w as 3 .5  m /se c . T h e  c a rcases  w e re  th e n  b ag ged  
a n d  b la s t f ro z e n  to  — 20°C .

T h a w i n g  a n d  d e t e r m i n a t i o n  o f  t h a w  lo s s
B a tc h e s  o f  five f ro z e n  ca rcases  w e re  re m o v e d  f ro m  s to ra g e  a t  - 2 0 ° C ,  th e  

o u ts id e  o f  th e  b a g  c o n ta in in g  th e  ca rcase  w as d r ie d  w ith  a p a p e r  to w e l , th e
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ca rc a se  a n d  w ra p p e r  w e ig h ed  a n d  th e  ca rcase  a llo w e d  to  th a w  o u t  o v e rn ig h t a t  
c o n s ta n t  te m p e ra tu re  (1 8 °C ). T h e  ca rc a se  w as h u n g  to  d ra in  fo r  1 h r ,  d r ie d  an d  
w e ig h ed . T h e  bag  w as re m o v e d , d r ie d  w ith  a p a p e r  to w e l a n d  w e ig h ed . A f te r  
c o r re c tin g  f o r  th e  bag  w e ig h t, th e  d if fe re n c e  b e tw e e n  th e  th a w e d  a n d  f ro z e n  
ca rcase  w e ig h t w as re g a rd e d  as th a w  lo ss  a n d  e x p re sse d  as a p e rc e n ta g e  o f  th e  
f ro z e n  w e ig h t.

C o o k i n g  a n d  d e t e r m i n a t i o n  o f  c o o k i n g  lo s s
T h a w e d  ca rcases  o f  k n o w n  w e ig h t w ere  p la c e d  in  ‘R o a s ta b a g s ’ (B a c o fo il, 

S ilv e r to w n , L o n d o n  E l 6 ) a n d  c o o k e d  in  an  o v e n  p re -se t a t 195°C . E a c h  b ird  
w as c o o k e d  fo r  2 0 m in / 0 .4 5 k g  w ith  an  a d d it io n a l  2 0  m in . T h e  c o o k e d  b ird s  
w ere  d ra in e d  fo r  15 m in  a t  ro o m  te m p e ra tu re ,  w ip e d  w ith  a p a p e r  to w e l a n d  
w e ig h ed . T h e  lo ss in  w e ig h t, i.e . th e  c o o k in g  lo ss, w as e x p re sse d  as a p e rc e n ta g e  
o f  th e  th a w e d  w e ig h t.

P h y s i c a l  d e t e r m i n a t i o n  o f  t e x t u r e
T h e  p e c t o r a l i s  m a j o r  b re a s t  m u sc le  w as re m o v e d  f ro m  th e  c o o le d  ro a s te d  

b ro ile rs  an d  b lo c k s  ( I X  2 x 0 . 5  cm ) o f  th e  m u sc le  w ere  p re p a re d . T h e  fo rc e  
re q u ire d  to  sh e a r  th e  b lo c k s  w as m e a su re d  w ith  a G rü n e w a ld  te n d e r o m e te r  
(M ec h a n ic a l L a b o ra to r y , T e c h n ic a l C o lleg e , K a r ls ru h e , W. G e rm a n y ). R e su lts  
hav e  b e e n  e x p re sse d  as th e  fo rc e  in  kg  re q u ire d  to  sh e a r  a 0 .5  cm  th ic k n e s s  o f  
m u sc le .

R e s u l ts

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

In  p re lim in a ry  e x p e r im e n ts  an  a t t e m p t  w as m a d e  to  e x a m in e  th e  e f fe c t  o f  
v a ry in g  th e  a m o u n t o f  p o ly p h o s p h a te  s o lu tio n  in je c te d  o n  th e  w e ig h t c h an g es  
o c c u rr in g  d u r in g  c h illin g , th a w in g  a n d  c o o k in g  o f  ca rcases . T h e  in je c tio n  so lu 
t io n  c o n ta in e d  5 % w /v  P u ro n  (e q u iv a le n t to  3 . 3 w / w P 2 O s) a n d  th e  m e a n  
w e ig h t o f  s o lu tio n  in je c te d  in  th e  ‘n o rm a l’ t r e a tm e n t  w as e q u iv a le n t to  4 .4 %  o f  
th e  w e ig h t o f  th e  e v isc e ra te d  ca rcase .

T h e  re su lts  are  su m m a rise d  in  T a b le  1. In je c t io n  o f  h a l f  o r  n o rm a l d o se  p o ly 
p h o s p h a te  re su lte d  in  a sm all in c re a se  in  th e  a m o u n t o f  w a te r  u p ta k e , w h ile  th e  
c o n v e rse  w as tru e  in  th e  case o f  th e  tw ic e  n o rm a l d o se .

W hen  th a w  loss w as c o m p a re d  w ith  to ta l  w e ig h t g a in , viz. th e  p e rc e n ta g e  
in c rease  in  w e ig h t d u e  to  in je c tio n  p lu s  p e rc e n ta g e  in c re a se  d u r in g  im m e rs io n  
ch illin g , th e re  w as an  in c re a se d  r e te n t io n  o f  f lu id  as th e  in je c tio n  d o se  w as 
in c re a se d . H o w ev er, w h e n  th e  th a w  lo ss w as c o m p a re d  o n ly  w ith  th e  w a te r  
a b s o rb e d  d u rin g  c h illin g  in  re la tio n  to  in c re a se d  p o ly p h o s p h a te  d o se , th e  
rev erse  re la tio n s h ip  w as o b se rv e d .
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T a b le  1. The e ffec t o f varia tion  o f in jec tio n  dose on  change in  w eight du ring  chilling, 
thaw ing  and  cooking. T he n u m b er o f  sam ples, n , is given in  paren theses

5% p o ly p h o sp h a te  in jec tio n  level

(U n trea ted ) 0.5 X norm al N orm al 2 x no rm al
co n tro l dose dose dose

Eviscerated w eight (g) 1357 (39 ) 1458 (33) 1366 (33 ) 1368 (32)
*W eight o f so lu tio n  in jec ted  (%) - 1.82 4 .40 8.34
C o n cen tra tio n  o f  po ly p h o sp h a te 0 .5 0 ( 6 ) 0 .7 2 (6 ) 0 .96  (6) 1 .1 6 (6 )

as P2O 5 o f  raw  b reast m uscle
(w et w t)

f  Chiller w ater ab sorbed  (%) 6 .26  (3 9 ) 6.61 (33) 6 .6 4  (33 ) 5.63 (32 )
T o ta l increase in  w t (%) 6 .2 6  (39 ) 8.43 (33 ) 11 .04  (33 ) 13.97 (32 )
j: T haw  loss (%) 4 .8 6  (15 ) 4 .97  (10) 5.16 (15 ) 5.50 (10 )
§ C ooking loss (%) 23 .59  (10) 25 .76  (10) 24.51 (10 ) 25 .76  (10 )

All values are th e  m ean  o f  th e  n u m b er o f  broilers exam ined,
*W eight o f  so lu tio n  in jec ted  = in jec tio n  w t -> ev isceration  w t x 100.
t  C hiller w ater absorbed  = w t a f te r  chilling — (eviscerated  w t + in jec tion  w t) -r ev iscerated 

w t X 100.
$ T haw  loss = fro zen  w t — thaw ed  w t : fro zen  w t x 100.
§ C ooking loss = thaw ed  w t — cooked  w t -f thaw ed  w t X 100.

V a ry in g  th e  p o ly p h o s p h a te  do sag e  h a d  l i t t le  o r  n o  e f fe c t  o n  c o o k in g  loss. 
T h e  g ro u p  o f  c o n tro l  b ird s  lo s t  less w e ig h t th a n  a n y  o f  th e  t r e a te d  g ro u p s , 
w h ile  th e  ‘n o rm a l’ d o se  ca rcases  lo s t  less th a n  th e  o th e r  t r e a te d  g ro u p s .

W e ig h t  c h a n g e s  d u r i n g  c h i l l i n g
T h e  d a ta  o b ta in e d  d u rin g  8 d a y s  o f  p ro c e ss in g  in  a ty p ic a l  c o m m e rc ia l  p la n t  

a re  e x p re s se d  b o th  in  w e ig h ts  a n d  as p e rc e n ta g e s  in  T a b le  2. In  o rd e r  to  give an  
in d ic a t io n  o f  v a r ia t io n  in  th e  d a ta  f ro m  1 0 1 9  u n in je c te d  a n d  9 5 7  n o rm a l d o se  
in je c te d  b ro ile rs , th e  o v e ra ll m e a n  v a lu es , th e  ran g e  o f  m e a n s  f ro m  all th e  8 
d a y s  o f  p ro c e ss in g  a n d  th e  s ta n d a rd  d e v ia t io n  fo u n d  w ith in  a d a y  a re  in c lu d e d . 
T h e  e v isc e ra te d  w e ig h ts  o f  th e  ca rcases  u se d  f o r  c o n tro l  a n d  in je c t io n  w e re  
s im ila r , a n d  a p p a re n t  w e ig h t o f  w a te r  a b s o rb e d  d u rin g  ch illin g  w as a lso  s im ila r  
in  b o th  cases b u t  th e  to ta l  w e ig h t g a in e d  b y  in je c te d  c a rcases  w as a lw a y s  
a p p ro x im a te ly  5%  h ig h e r  th a n  th a t  o f  c o n tro ls  b e c a u se  o f  th e  re s id u a l p o ly 
p h o s p h a te  s o lu t io n  in  th e  ca rcase . T h e  ran g e  o f  p e rc e n ta g e  in c re a se s  in  w e ig h t 
re su lt in g  f ro m  in je c t io n  w as d u e  to  th e  v a r ia t io n  in  e v isc e ra te d  w e ig h t in  an y  
b a tc h  o f  c h ic k e n s  s a m p le d  o n  a p a r t ic u la r  d a y .

T h e  e f fe c ts  o f  e v isc e ra te d  w e ig h t, in je c t io n  a n d  d a y  o f  e x p e r im e n t o n  th e  
w e ig h t o f  w a te r  a b s o rb e d  d u r in g  im m e rs io n  c h illin g  a re  sh o w n  in  T a b le  3 . T h e  
a n a ly se s  o f  v a r ia n c e  sh o w e d  th a t  in je c t io n  i ts e lf  h a d  n o  s ig n if ic a n t e f fe c t  b u t  
th a t  th e re  w as an  in d ic a t io n  th a t  w a te r  a b s o rp tio n  v a ried  a c c o rd in g  to  th e  d a y  
o f  th e  e x p e r im e n t  a n d  th a t  th e  e f fe c t  o f  in je c t io n  w as a lso  v a r ia b le  to  so m e
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T a b le  3 . Analysis o f variance o f processing da ta

Degrees o f 
freedom

Mean
square

Days 7 3 5 9 5 6* * *
In jec tio n 1 2820
E viscerated w eight 4 1814
Days x in jec tio n 7 4 9 0 3 * *
Days x ev iscerated  w eight 28 2387
In jec tio n  x w eight 4 896
E rro r 1924 1724

*** , **'S ignificant a t 0.1%  level and  th e  1.0% level respectively .

e x te n t .  T h e  c o m p u te d  m e a n  a b s o rp tio n  o f  w a te r  in  th e  ch illin g  sy s te m  w as 
7 .7 6 %  s.e . 0 .1 5  f o r  c o n tro ls  a n d  7 .4 5 %  s.e . 0 .1 4  fo r  in je c te d  b ird s .

W e ig h t  c h a n g e s  d u r i n g  t h a w i n g  a n d  c o o k i n g
A  ra n d o m  sa m p le  o f  f ro z e n  b ro i le r  c h ic k e n s  o b ta in e d  f ro m  a ll 8 d a y s  o f  

p ro c e ss in g  m e n t io n e d  in  (a )  a b o v e  w as th a w e d  a n d  c o o k e d . A  to ta l  o f  fo r ty -  
e ig h t c o n tr o l  a n d  e ig h ty  in je c te d  c h ic k e n s , ran g in g  in  e v isc e ra te d  w e ig h t f ro m
1.1 — 1.8 k g , w as s tu d ie d . A  s u m m a ry  o f  th e  m e a n  p e rc e n ta g e  w e ig h t c h an g es  is 
sh o w n  in  T a b le  4 . B y  c h a n c e , th e  a m o u n t  o f  ch ill w a te r  a b s o rb e d  b y  th e  
in je c te d  c h ic k e n s  w as h ig h e r  th a n  th a t  in  th e  u n in je c te d  g ro u p s  in  g o o d  s u p p o r t  
o f  th e  d eg re e  o f  v a r ia t io n  fo u n d  d u r in g  th e se  e x p e r im e n ts .

O n  th a w in g , u n in je c te d  ca rcases  lo s t  f lu id  a p p ro x im a te ly  e q u a l to  th a t  
a b s o rb e d  d u r in g  sp ra y  w ash in g  a n d  im m e rs io n  ch illing . H o w e v e r, u n d e r  th e  
sam e  c o n d i t io n s  in je c te d  ca rcases  lo s t  o n ly  52%  o f  th e  to ta l  w e ig h t g a in ed  
d u r in g  in je c t io n  a n d  ch illing .

W hen  a ll th e se  sa m p le s  w e re  c o o k e d  th e  lo sses  o f  w e ig h t w ere  g re a te r  in  th e  
in je c te d  c h ic k e n s . T a k in g  all th e se  re su lts  to g e th e r  an  a m o u n t  o f  f lu id  e q u i
v a le n t to  80%  o f  th e  liq u id  in je c te d  in  th e  p o ly p h o s p h a te  g ro u p  w as re ta in e d  
a f te r  c o o k in g .

T a b le  4 . T he e ffec t o f in jec tio n  on  thaw  and cooking losses

U n in jected  In jected

Mean s.d. M ean s.d.

N u m ber o f broilers 48 80
Increase in  w eight a fte r in jec tio n  (%) 4 .93 0.87
C hiller w ater ab sorbed  (%) 6.01 2.72 6.71 3.26
T o tal gain (%) 6.01 2.72 11.64 3.57
T haw  loss (%) 5.89 1.55 6.10 1.62
C ooking loss (%) 24.37 3.67 25.85 3.71
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Figure 1. T he percen tage change fro m  eviscerated w eight during processing, 
thaw ing  and co oking  o f b ro iler chickens.

The percentage weight changes starting from eviscerated weight equal to 
100% can best be visualized in the form shown in Fig. 1 which clearly demon
strates the effects of injection in increasing the weight of the carcase before 
freezing and the subsequent effects on thawing and cooking. In commercial 
practice, however, giblets will be added to the carcase pack prior to freezing 
and will increase the weight by approximately 110 g. Therefore, the weight of 
chiller water absorbed will be proportionately smaller in the oven-ready 
product.

The weight of the giblets has not been included in the calculations of Fig. 1.

The effect o f  injection on breast muscle texture
The force to shear values for cooked muscle blocks taken from the same 

random sample of injected and uninjected commercially immersion-chilled 
broilers are shown in Table 5. It was not possible to examine the effect of 
injecting different media into carcases under commercial conditions, but this 
was done by injecting water or air into broilers subsequently air-chilled in the 
laboratory. These data are also recorded in Table 5. Analysis of variance on all 
these results showed that the injection of polyphosphate solution significantly 
affected the texture of the breast muscle and that variation in injection dose, in 
immersion chilled carcases 0.5 and 2X normal had a similar effect. The texture 
of the 0.5 dose, mean shear value 1.25, s.d 0.24 kg, n = 10, was not significantly
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Table 5. The effec t on  in jec tio n  on th e  physical d e te rm in a tio n  o f tex tu re

In jec tio n  m edia
U n in jected Air W ater 5% poly-
M ean s.d. p h o sp h a te

Mean s.d. Mean s.d. M ean s.d.

Wet chilled 
(fo rce to  shear, kg) 

Air chilled 
(fo rce  to  shear, kg)

1.99 0.55 
(n  = 30) 

1.91 0.26 
(n = 5)

1.86 
(n =

0.20
5)

2.08 
(n =

0.16
5)

1.55** 0 .49  
(n  = 30) 

1 .51** 0 .22  
( n -  6)

** Sign ificantly  d iffe ren t at 1.0% level from  th e  un in jec ted  sam ple.

different from the normal (shown in Table 5) however 2X normal dose shear 
value 0.90 s.d. 0.16 kg, n = 10 was significantly more tender than any of the 
other treatments. There was, however, no significant difference in texture 
between the uninjected broilers and those injected with air and water. The 
results are in general agreement with sensory evaluation on a similar batch of 
immersion chilled broilers (Griffiths & Wilkinson, 1978).

Effect o f  injection on air-chilled broilers
In order to study the effect of injection on carcases which were not chilled 

by immersion, twenty broilers killed under commercial conditions were quickly 
transported to the laboratory and half the group were injected with polyphos
phate solution. All the carcases were then chilled in a laboratory air chiller.

There was no significant difference between the groups on chilling or 
thawing but cooking losses were higher in the polyphosphate injected groups, 
as shown in Table 6.

Table 6. E ffect o f in jec tion  on air chilled broilers

T rea tm en t C on tro l 5% p o ly p h o sp h a te  
in jection

N um ber o f  broilers 10 10
Increase in w eight a fte r in jec tio n  (%) - 4 .7 0
Loss in  w eight a f te r  chilling (%) 1.13 0.91
Thaw  loss 0.42 0.46
C ooking loss
C o n cen tra tio n  o f p o ly ph osph a te  as % 

P20 5 o f b reast m uscle (w et w t)

24.1 ( n = 8) 26.1 ( n = 8)

(a) raw 0.53 ( n  = 2) 0.93 (n = 2)
(b )c o o k e d 0 .54  (n = 2) 0.86 (n = 2)
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Table 7. E ffect o f  im m ersion  chilling on  P20 5 o f  b reast m uscle (w e t w t)

T rea tm en t
C on tro l 5% P o ly phospha te  in jec tio n

No chill Im m ersion chill No chill Im m ersion  chill

N u m b er o f  birds 10 10 10 10
W eight o f so lu tion  

in jec ted  (% )
— 4.53 4.75

C hiller w ater ab sorbed  (%) - 6.4 - 7.70
T o ta l gain (%) - 6 .4 4.53 12.45
T haw  loss (%) 0.67 3.7 Nil 4.3
C on cen tra tio n  o f p o ly 

p h o sp h a te  as P2O s % of 
b reast m uscle (w et w t)

0.53 0.53 0.85 0.84

The retention o f  polyphosphate in the carcase during processing
In the earlier stages of this investigation, analysis of whole breast muscle for 

polyphosphate (as P20 5) indicated that losses were occurring during processing. 
It was, therefore, necessary to carry out a controlled experiment under factory 
conditions in order to account for these losses. The results of such an experi
ment are shown in Table 7. ‘No chill’ birds (injected or non-injected) were 
removed from the processing line at the end of evisceration and before the 
spray wash, bagged and frozen and compared with ‘immersion chill’ birds 
which were processed so that all other conditions were as previously described. 
The loss of polyphosphate (as P20 5) during 21—24 min immersion chilling was 
minimal. However, when the complete breast muscle was analysed, after 
freezing and thawing, and correction was made for loss of polyphosphate 
(P2Os) found in the drip, it was possible to account for only 70% of the added 
polyphosphate concentration. Further examination of broilers, immediately 
after injection, showed that the loss of phosphate solution from the muscle 
occurred after the initial weighing but before immersion chilling since fluid 
could be seen seeping from the two injection holes. Analysis of thigh muscle 
showed that there was no increase in mean P20 5 concentration as a result of 
injection.

D is c u s s io n

Results of previous studies in other countries using marinating techniques 
(Klose et al., 1962, 1963; Mountney & Arganosa, 1962; Schermerhorn & 
Stadelman, 1962; Spencer & Smith, 1962; Monk, Mountney & Prudent, 1964) 
and more recently, injection methods (Hale, 1977; Farr & May, 1970; Brotsky,
1976) have not been entirely consistent. In general, addition of polyphosphate



has been claimed to result in increased weight after cooking and a more tender 
product.

At an early stage in our experiments the effect of variation in injection dose 
suggested that processing factors other than polyphosphate injection were 
having a greater influence on water absorption in the chillers. This conclusion 
was evident from a summary of all the factory processing data and the subse
quent analysis of variance. When the weight of chill water absorbed by injected 
and non-injected carcases was compared, the variation in percentage water 
absorption became a function of eviscerated weight rather than the amount of 
polyphosphate injected. It should be noted, however, that the polyphosphate 
injected carcases will have lost a small but variable quantity of fluid prior to 
entering the immersion chiller. The actual weight of water absorbed in the 
chiller will, therefore, be proportionately higher.

Examination of all the results shows that thawing and cooking losses were 
not influenced by injection with polyphosphate but the cooked weight was 
always higher (for any eviscerated weight) in the injected chicken because of 
the retention of an amount equivalent to 80% of the fluid injected. This 
increase in fluid retained in injected chickens could explain the increase in 
juiciness found by some people in a consumer test and by the Institute taste 
panel (Griffiths & Wilkinson, 1978).

Our results also show that the injection of polyphosphates has a tenderizing 
effect on the breast muscle as measured by the Grünewald tenderometer, and 
this was in good agreement with the findings of the sensory panel (Griffiths & 
Wilkinson, 1978).

The increased succulence of the cooked chicken observed by a proportion of 
the population in our consumer tests is significant; the weight relationships, 
which are a consequence of the process carried out to achieve this, are well 
illustrated in Fig. 1.

Finally, it will be of interest to the poultry industry to point out that, when 
the polyphosphate concentration in chilled and unchilled carcase breasts was 
measured, it was shown that no significant losses of phosphate were occurring 
during the mechanical immersion chilling process, but in the short interval 
between injection and chilling, up to 30% of the P2Os added in the 60 ml of 
injection solution was lost.
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The effects on broiler chicken o f polyphosphate injection 
during commercial processing
II. S e n s o r y  a s s e s s m e n t  b y  c o n s u m e r s  a n d  a n  e x p e r i e n c e d  p a n e l

NERYS M. GRIFFITHS a n d  CAROTINE C. F. WIFKINSON

S u m m a r y

Chickens injected with a polyphosphate solution and control samples which 
had not been injected were submitted to a consumer panel of 389 households. 
Preference test and laboratory sensory assessments were also made on similar 
birds. In all tests polyphosphated birds were significantly more tender and 
juicy, but 32—45% of consumers did not differentiate between the treatments 
when eaten as part of a meal. In preference tests 265 people divided approxi
mately equally in preferences between birds injected with polyphosphate and 
control birds.

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

It has been claimed in the patent literature (Albright & Wilson (MFG), 1963; 
Schwall, Rogers & Corbin, 1968) that the treatment of poultry meat with poly
phosphate solution, both inhibits the deterioration of flavour, odour, taste and 
colour due to storage, and improves flavour, tenderness and juiciness ratings.

These claims have been substantiated in relation to texture, on chickens 
treated by a marination procedure, using small laboratory panels (May, Helmer 
& Saffle, 1962; Fandes, 1972) and by physical methods (Peterson, 1977). Work 
has been reported using the injection technique on parts of birds followed by 
physical measurements (Farr & May, 1970) and laboratory assessment 
(Brotsky, 1976), and also on whole carcases using tenderometer measurements 
(Hale, 1977). In all but the last study the work has been carried out on small 
numbers of birds bought in, or on specially reared birds.

The injection technique is of particular interest since it has been used com
mercially in the United Kingdom since the early 1970s. The present work was 
designed to investigate the reaction of consumers to the quality (flavour, 
texture and juiciness) of broiler chickens injected with polyphosphate com-

A uthors’ address: Agricultural Research Council, Food Research Institute, Colney Lane,
Norwich, NR4 7UA.

0022-1 163/78/1200-0541 $02.00 © 1978 Blackwell Scientific Publications
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pared with control birds taken from normal production lines in a processing 
plant. Assessment of birds from the same production runs were carried out by 
an experienced laboratory sensory panel, and physical and chemical tests on 
birds from the same batches are reported in the preceding paper (Grey, 
Robinson & Jones, 1978).

E x p e r im e n ta l
Production o f  broilers

Chickens were injected with polyphosphate solution and immersion chilled 
as reported in Part I (Grey et al., 1978), non-injected chickens were used as 
controls, the birds were stored at — 20°C until tested. All birds were within the 
weight range 1.4—2.0 kg.

Laboratory panel assessment
Three experiments were carried out. The preliminary investigation compared 

non-injected chickens with samples injected with three different weights of 
polyphosphate solution (Puron 6040, Albright & Wilson), at half, equal and 
double the normal commercial weight (i.e. 62 g, c. 4.5% body weight). Subse
quent experiments (Trials I and II) used only the normal commercial weight.

Birds were thawed for 16 hr at 18°C, drained for 1 hr and roasted in 
‘Roastabags’ (Bacofoil, Silvertown, London E16) at 195°C for 20min/0.45 kg + 
2 0 min; the final temperature in the deep breast muscle was 92—97°C. Four 
test birds (some injected and some non-injected) and a labelled control (non- 
injected) were cooked for each session.

Immediately after cooking the pectoralis major and minor muscles were 
removed from one half of each bird for flavour assessment. The hot meat was 
cut into pieces approximately 2X 2 X 1 cm and placed in warmed (40°C) coded 
pots. A panel of fourteen experienced assessors compared the flavour of each 
test sample with the labelled control, and rated the size of the flavour differ
ence as shown in Table 1. Panel members were also asked to characterize the 
difference.

When cold the pectoralis major from the other half of each bird was cut into 
pieces 1 x 1 x 0.5 cm. These samples were judged for texture and juiciness by 
fourteen experienced assessors at a separate panel session. The attributes were 
rated on the eight point scales in Table 1.

All laboratory assessments were completed within 6 weeks of slaughter. 
Results were analysed by analyses of variance followed by Students t-test.

Consumer assessments ~ in home trials
Selection o f  consumer panel. The panel was drawn from the City of Norwich 

(population 120 000) and its immediate suburbs (population 51 000). For Trial
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Table 1. Scales used  in  lab o ra to ry  sensory  assessm ent

F lavour d ifference T ex tu re Juiciness

No difference (0)* E x trem ely  ten d er (1) E x trem ely  ju icy (1)
V ery slight d ifference (1) V ery ten d er (2) V ery ju icy (2 )
Slight d ifference (2) M oderately  ten d er (3) M oderately  ju icy (3 )
M oderate  d ifference (3) Slightly ten d er (4 ) Slightly ju icy (4)
Large d ifference (4) Slightly to u g h (5) Slightly dry (5)

M oderately  tough (6) M oderately  dry (6)
V ery tough (7) V ery dry (7)
E x trem ely  tou g h (8) E x trem ely  dry (8)

* N um bers in  paren theses w ere n o t o n  th e  panel sheets, b u t were assigned subsequen tly  
fo r analysis o f results.

I (April 1976) every fortieth entry in the electoral register for four wards was 
drawn, and for Trial II (September 1976) every forty-ninth entry from a 
further four wards. If the entry indicated a single person household or an 
Institution, it was rejected and the next entry on the register was selected.

A letter was sent to the female member of each household, explaining the 
work of the Food Research Institute, and asking for their help in assessing the 
quality of two frozen chickens to be eaten as part of a meal. A prepaid reply 
form was enclosed for particulars of all members of the household over 12 
years of age, and for possible interview times. Those responding positively were 
personally interviewed, when details of the questionnaire were explained,

Table 2. F o rm a tio n  and S tru c tu re  o f  consum er panels

F o rm a tio n
No. electors 
in  4 w ards

No. hou seholds 
selected

No. accep ting  
and tak ing  p a rt

T rial I 2 0 6 1 9 504 198
T rial II 2 4 6 2 1 503 191

H o usehold  co m position
No. o f tasters: 1 2 3 4 5 6 7 8

T rial I 2 109 41 33 6 5 1 1
T rial II 1 98 44 34 9 5 - -

T asters by  sex and age
Male Fem ale

A dult 1 2 —18 A d ult 12- 18 T ota l
T rial I 233 32 247 38 550
T rial II 231 46 235 28 540
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general questions about method of cooking and frequency of consumption of 
chicken were asked, and times for delivery of the birds arranged. The structure 
of the two consumer panels is shown in Table 2.

Distribution o f  chickens
The first birds were distributed to households not more than 3 weeks after 

the interviews had been carried out; instructions and questionnaires (one per 
person) were left at the same time. The second birds and questionnaires were 
delivered 1 week later. Birds were randomly allocated to households, half of 
which received the non-injected chicken first, the other half the polyphos- 
phated birds.

Instructions and questionnaires
The cook was asked to roast the bird in the way normally used by the house

hold, and serve it as part of a meal. The cook was further asked to assess the 
appearance of the raw meat as excellent (1), good (2), poor (3) or unacceptable
(4); to say whether the cooked bird carved more (1), less (3) or as easily as 
usual (2). The cook, and each member of the household in the survey, was 
asked to eat the part of the chicken they normally ate (i.e. light meat — breast 
and/or dark meat -  leg) and independently rate for flavour, juiciness and 
texture (Table 3).

Table 3. Scales used  on  q uestio nn a ires  fo r all m em bers o f hou seh o ld  in co nsum er trials

F lavour T ex tu re Juiciness
Overall q ua lity  
(T rial II on ly )

E xcellen t (D * V ery ten d er ( 1) V ery ju icy ( 1) E xcellent ( 1)
G ood ( 2) M oderately  ten d er ( 2) M oderately  ju icy (2) Good (2)
P oor (3) Slightly ten d er (3 ) Slightly ju icy (3) Fair (3)
U nacceptab le (4) Slightly tough (4) Dry (4) Poor (4)

M oderately  tough (5) U nacceptab le (5)
Very tou g h (6)

* N um bers in pa ren th eses w ere no t on  th e  questionnaires , b u t were assigned subsequen tly  
fo r analysis o f  results.

In Trial II the cook was also asked to record the time and temperature of 
cooking and whether the chicken was stuffed. Each respondent was asked to 
rate each bird for overall quality (Table 3). A supplementary questionnaire was 
delivered with the second bird, to gauge whether the household found the first 
bird better or worse than the second. All assessments were completed within 
5 weeks of slaughter. The results for each attribute was analysed by the x 2 
test.
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Consumer preference trials

Preference trials were carried out at three Evening Institutes in Norwich and 
district using birds processed for Trial II. In all, sixteen non-injected and sixteen 
polyphosphated birds were cooked, using the same technique as for the labora
tory panel assessment. When cold the breast muscle (pectoralis major and 
minor) was carved into slices approximately 0.5 cm thick, cut into pieces 
approximately 3 X 4 cm and placed in coded waxpaper cups. People attending 
the evening classes were invited to eat a piece from each treatment and record 
their preference, giving their own reasons. 265 assessors (136 male, 129 female) 
participated in the tests.

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

The mean value for the laboratory sensory assessment, together with the 
significance of the polyphosphate effect are shown in Table 4.

The level of significance of the flavour difference varied between the experi
ments from highly significant in the preliminary trial to no significant differ
ence in Trial II. Over the three experiments 76% of the polyphosphated birds

Table 4 . L ab o ra to ry  assessm ent o f  po ly p h o sp h a te  and non -in jec ted  ch ickens fo r  flavour, 
tex tu re  and ju ic iness (pane l o f  fo u rteen )

Prelim inary T rial I T rial II

F lavour d ifference 
N on-in jected Mean

Range
0.6  (9 ) t  
0 .4 —1.2

0.8 ( 10) 
0 .5 - 1 .4

0 .7  (10 ) 
0 .3 —1.5

P o ly ph osph a ted  (62  g) Mean
Range

1.5 ( 8)*** 
1.2 - 1 .9

1.3 (10)**  
1.0- 1.5

1.1 ( 10) 
0.6- 2.1

T ex tu re
N on-in jected Mean

Range
4 .2 ( 8 )  
3 .4 - 5 .7

4.2  (16) 
2 .5 - 5 .9

4.7  (10) 
3 .8 - 6 .5

P o ly ph osp ha ted  (62  g) Mean
Range

2.7 ( 8)*** 
2 .0 - 3 .5

2.8 (16 )***  
1.8- 6.0

2.7 (10 )* * *  
2 .3 —3.4

Juiciness
N on-in jected Mean

Range
5.1 ( 8) 
4 .6 —5.8

4 .7  (16 ) 
4 .0 —5.4

4.5  (10 ) 
4 .1 - 5 .0

P o ly ph osph a ted  (62  g) Mean
Range

3.6  ( 8)*** 
2 .7 - 4 .0

3.5 (16)***  
2 .8 - 4 .0

4 0 (1 0 )* *  
3 .2 - 4 .6

* 5% p rob ab ility  level.
* *  1% p rob ab ility  level.

*** 0.1% pro b ab ility  level.
t  N um bers in paren theses are n u m b er o f  ch ickens assessed.
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were perceived as only very slightly different from the labelled non-injected 
control, this difference was not large enough for assessors to characterize 
adequately; the remaining 24% had a low level of fishy or musty flavour. The 
values for the non-injected birds are a measure of the usual variation between 
birds.

In all three investigations the polyphosphate injected chickens were signi
ficantly more tender and more juicy than the non-injected. The texture values 
for all the polyphosphated birds fell within the range very tender to 
moderately/slightly tender (2.0—3.5), whereas all but three of the thirty-four 
non-injected birds were tougher, moderately/slightly tender to moderately/ 
very tough (3 .5-6.5). Similarly, for juiciness, thirty-one out of the thirty-four 
polyphosphated birds were between very/moderately juicy and slightly juicy 
(2.7—4.1) but all the non-injected birds were less juicy.

The birds treated with half the commercial dose of polyphosphate were 
slightly more tender (mean 3.3) and juicier (mean 4.7) than the non-injected 
but little different in flavour (mean 0.8). Those given double the commercial 
amount were all significantly (0.1% level) more tender (mean 1.8) and juicier 
(mean 2.8), being described by the panel as like ‘chicken paste’; the flavour 
(mean 2.4) was salty and less strong.

The experienced assessors generally agreed on their assessment of individual 
birds; for example, in the texture rating for Trial I, all the panel agreed that one 
of the non-injected birds was very tender (mean 2.5) and that one of the poly
phosphated samples was moderately tough (mean 6.0). The texture, juiciness 
and flavour ranges shown by this panel are therefore largely a reflection of bird 
to bird variation.
Consumer assessment — in home

The x 2 results demonstrate no statistical difference in the distribution of 
observations over the flavour scales for light or dark meat, or for the appear-
Table 5. In hom e co nsum er assessm ent o f p o ly p h o sp h a ted  and non-in jected  ch ickens, m ean 
value fo r a trrib u te s

N . M. G riff ith s  a n d  C. C. L. W ilkinson

Trial I Trial II

N on-in jected P o lypho sph a ted N on-injected P olyphospha ted

F lavour light* 1.9 1.9 1.9 1.9
F lavour dark* 1.9 1.9 1.9 1.9
T ex tu re  light 1.9 1.6 1.8 1.5
T ex tu re  dark 1.9 1.6 1.8 1.5
Juiciness light 2.2 2.0 2.3 1.9
Juiciness dark 2.2 2.0 2.1 2.1
A ppearance raw 1.7 1.7 1.7 1.6
C arvability 1.8 1.7 1.9 1.7
Overall quality - - 2.1 1.9

* R efers to  light m eat (b reas t)  o r dark  m eat (leg).
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ance of the raw meat. The differences in distribution are highly significant 
(0.1% probability level) for texture and juiciness and for overall quality, and 
significant at the 5% level for carvability. The actual mean differences (Table
5) are very small in relation to the scales. However, when the differences in 
ratings between polyphosphated and non-injected samples for individuals, were 
plotted as histograms (Fig. 1), it became clear that, although over 30% of 
individuals recorded no difference between the birds, a larger proportion of the 
others found the polyphosphated samples more tender and juicy than found

Flavour dark* (726)

Texture dark (694)

Figure 1. Distribution of consumer scores (polyphosphate minus non-injected), Trials I and
II combined. The num ber of scores is shown in parentheses, * refers to light meat (breast) or
dark meat (leg).
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them less so. The histograms for texture and juiciness are not normally distri
buted but significantly skewed; the flavour histogram is symmetrical.

The texture differences between the two treatments in the dark meat are in
explicable as Grey et al. (1978) have shown no migration of polyphosphate 
into the thigh. However, of the 603 consumers who assessed the texture of 
both breast and leg meat, 37% found the same difference between treatments 
for both meats, possibly suggesting that their assessments were not independent.

No significant difference was shown between men and women in their 
assessments, there was no effect of method of cooking, how often the family 
normally ate chicken or time of day of processing the bird at the plant.

The high percentage of individual assessors giving the same score for specific 
attributes for non-injected and polyphosphated chicken was not reflected in 
the results of the supplementary question on the household preference in Trial 
II. Fifty-four percent of households preferred the polyphosphated chicken; 
36% the non-injected and 10% had no preference; the order of presentation of 
the birds had no significant effect on the results. The difference in these results 
could have occurred because the latter was a consensus of opinion. Chickens 
from both treatments were generally acceptable. Only three verbal complaints 
were received on the 778 birds distributed. No bird was rated unacceptable by 
any person.

Consumer preferences
In the side-by-side preference tests 41% preferred the polyphosphated 

chicken, 47% the non-injected and 12% had no preference. Over half (55%) of 
those preferring the polyphosphated bird found the sample more tender and 
juicy, whereas 63% preferred the non-injected bird for flavour (Table 6). This 
side-by-side preference test showed a smaller percentage of consumers preferred 
the polyphosphated bird than in the ‘in-home’ test, which relied on memory of 
one sample over a week.

General discussion
The suburbs of Norwich were included in the consumer trials to counteract 
the high percentage of municipal property in the City: in both trials there was a

Table 6. Reasons given for preferring sample in preference tests (% of responses)
Polyphosphate Non-injected

More/better flavour 38 63More tender 22 8More juicy 33 7Drier/firmer 2 15Better texture 4 3No reason 1 4
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selection of types of housing reflecting a wide cross-section of income. The 
willingness of households to participate in the work (39% and 38%) was slightly 
lower than the average for consumer trials, but nevertheless a large number of 
individuals (1090) did take part. Because the results from the experienced 
laboratory panel and the consumer panels have been obtained using different 
scales and applying different statistical tests, a detailed comparison of the 
results and of the two approaches is unjustified. However, in this series of trials 
both panels found that the polyphosphate injected birds were more tender and 
juicy than the non-injected, but individuals differed in their preference. What 
this work cannot forecast is which type of chicken a significant proportion of 
consumers would choose.
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‘Collapse’, a structural transition in freeze dried 
carbohydrates
I. Evaluation of analytical methods

EDDIE C. TO* and  JAMES M. FLINKf

Summary
A number of techniques used to study ‘collapse’ in freeze dried carbohydrates 
were described. These include heating of samples in sealed ampoules, DTA, 
TMA, and various methods involving heating under an optical microscope. 
Accuracy and reproducibility of ‘collapse’ temperature (Tc) measurements were 
evaluated. It was shown that glass transitions occur near Tc in a number of 
freeze dried carbohydrates. ‘Collapse’ was found to occur over a range of tem
peratures up to 40°C. The extent of ‘collapse’ was quantitatively measured and 
found to be linear with temperature. Tc was found to be independent of 
heating rate.

Introduction
Carbohydrate materials which have been prepared from solution by freeze 
drying are generally found to be in a metastable state, in that non-first order 
structural transitions can occur. These transitions have been described by a 
variety of labels, but in most cases involve a shrinkage of the matrix and onset 
of a glassy appearance. Crystallization of the amorphous material is often a 
result of these structural transitions. Some of the properties of these transi
tions, which have been called ‘collapse’, have been described by Tsourouflis, 
Flink & Karel (1976), while a number of authors have evaluated the recrystal
lization of the amorphous matrix (Makower & Dye, 1956; Karel, 1975; Silver, 
1976). In addition, related transitions in the frozen state or during freeze 
drying have been described by Luyet (1960), Ito (1970), MacKenzie (1966), 
and Bellows & King (1973).

In earlier work from this laboratory, we have described a method for evaluat
ing ‘collapse’ temperatures (hereafter denoted Tc) in freeze dried carbohydrates
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based on heating the samples in sealed ampoules (Tsourouflis et al., 1976). In 
this paper we will describe and evaluate a number of methods which have been 
used for the continuation of our studies on the ‘collapse’ phenomenon. We also 
demonstrate the range of information obtainable with the different methods. In 
the accompanying papers (To & Flink, 1978a, b) we present the results of 
studies in which these methods have been used.

Materials and methods
The methods which have been used to study the ‘collapse’ phenomenon include 
a modification of Tsourouflis et al. (1976) ampoule method, differential 
thermal analysis (DTA), thermal mechanical analysis (TMA), and various 
techniques based on optical microscopy. These are listed in Table 1 together 
with some specific properties and applications.

Table 1. Methods developed for the study of collapse

Method
Temperature 
range (°C)

Sample 
size (mg) Specific applications

Ampoules -2 0  to 250 25 to 1000 T c of dry and wet samples
Microscope

heater
25 to 250 < 1 Small quantities of dry samples, 

recrystallization temperatures
DTA -100 to 500 10 to 50 T s  of dry samples, volatile loss, re

crystallization
TMA -100 to 200 5 to 20 Complementary to DTA in T s , 

semi-quantitative ‘collapse’
Photomicroscopy 25 to 180 < 1 Quantitative measure of the degree 

of ‘collapse’

Ampoules
The ampoule method was modified from that of Tsourouflis et al. (1976). 

A single heating bath with improved temperature control allowed the tempera
ture intervals used for ‘collapse’ determination to be reduced. This eliminated 
the need for the interpolation procedure by Tsourouflis et al. (1976). Three 
different constant temperature baths were used to cover the range of Tc from 
— 20 to 250°C. For temperatures between —20 to +30°C, ampoules were 
immersed in denatured alcohol in a wide-mouth Dewar flask (15 cm diameter). 
Cooling was achieved by circulation of coolant (alcohol at —78°C) in a brass 
cooling coil, while heating was accomplished with a 250 W immersion heater. 
Temperature of the bath was monitored by a copper-constantan thermocouple
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and controlled by a Love Temperature Controller (Wheeling, Illinois), which 
starts or stops the flow of coolant into the coil. Vigorous stirring was main
tained with an electric stirrer. For temperatures between ambient and about 
55°C, a stirred water bath was used (Exatherm P5 el, Juchhein Labortecknik, 
Schwartzwald, West Germany). For most samples studied, T c were between 
40 and 180°C and a mineral oil bath (50 X 3 0 X 12 cm) with two Haake Tem
perature Controllers (Type E51, Berlin, West Germany) and an electric stirrer 
was used. Samples with T c above 180°C were heated in oil over a stirring hot 
plate (Corning PC 351, New York). The oil was in a 1 litre glass beaker, in
sulated with asbestos cloth. The heater was controlled by a Love Temperature 
Controller. All temperatures were measured with mercury-in-glass thermo
meters except in sub-ambient cases where an alcohol-in-glass thermometer was 
used. In a typical run, samples were placed into the corresponding baths at the 
lowest bath temperature. The temperature was raised 2°C every 15 min until 
‘collapse’ has occurred in all samples. It generally required less than 3 min for 
the bath to attain a 2°C rise in temperature. At the end of each 15 min period, 
all samples were inspected visually for ‘collapse’, the ‘collapsed’ ones noted, 
and the controllers set to a temperature 2°C higher.

Since flame sealed ampoules offered a completely closed system, this was the 
only method capable of determining T c of moist samples without changes in 
their moisture contents occurring during heating. Rehumidification of freeze 
dried samples was done according to Tsourouflis e t  a l. (1976) and moisture 
contents (expressed as a percentage of dry weight) were determined gravi- 
metrically.

D i f f e r e n t i a l  t h e r m a l  a n a l y s i s  ( D T A )
Differential Thermal Analyzer (model 900, Du Pont de Nemours and Co. 

Inc., Wilmington, Delaware) was used to measure transition phenomena in 
freeze dried samples. Thermograms were run in air at atmospheric pressure with 
glass beads in the reference tube. The instrument settings were generally 
20°C/in (0.8 mV/in) for the temperature scale, 0.5°C/in (0.2 mV/in) 
for the differential temperature scale, and 20°C/min for the heating rate. The 
sample was rapidly crushed to a powder in a manner aimed at minimizing water 
uptake. In order to better match the thermal properties of the sample and 
reference tubes, as well as to minimize boiling and bubbling of the sample at 
high temperatures, the powdered sample (about 2 mg) was packed into a 4 mm 
glass macro tube between two layers of glass beads approximately 0.5 mm 
in thickness. The macro tube was selected because the larger sample size 
increased the sensitivity of the method for detecting small A T  changes asso
ciated with second order transitions. Prior to the start of each thermogram, the 
silver heating block was cooled over liquid nitrogen vapours to bring its 
temperature down to around —20°C. This was necessary to prevent the uneven 
temperature distribution within the heating block at the start of heating from 
interfering with those transition signals which appeared close to ambient 
temperatures, e.g. those of freeze dried sucrose.
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Thermal mechanical analysis (TMA)
TMA was performed using a Du Pont 940 Thermal Mechanical Analyzer, 

which was a plug-in module of the Du Pont 900 DTA. It measured the tempera
ture at which a material started to soften or flow while subjected to a constant 
load. The vertical displacement of the sample was sensed by a movable core 
differential transducer (LVDT) capable of detecting a displacement of 2X 10“5 
in (5 X 10^ mm) at its highest sensitivity setting of 0.004 mV/in. The 
sample to be measured was first crushed between two glass slides and a piece of 
1 mm or less in height selected. This was sandwiched between two aluminium 
foil discs of 6 mm diameter and placed into the sample tube. The aluminium 
foil prevented sticking of the sample to the probe and sample tube, thus facili
tating cleaning after a run. The instrument settings were generally 20°C/in 
(0.8 mV/in) on the temperature scale. 0.4 mV/in on the A T  scale and 
10°C/min heating rate. The load on the sample was 5 g. All runs were started 
at least 20°C below the expected transition temperatures to allow the heating 
conditions to stabilize prior to structure transition. Limitations of the TMA 
apparatus were the relatively low maximum operating temperature (200°C or 
below) and the maximum heating rates achievable (10°p/min below 100°C, 
5°C/min above 100°C).

Optical microscopy
All optical microscopic examinations were made on an Olympus FH micro

scope equipped with trinocular head and a set of polarizing filters. Incorpora
tion of a heating stage on the microscope permitted viewing of structural 
transitions on a microscale and thus evaluation of Tc. Control of the sample 
temperature and heating rate was achieved using a custom-built temperature 
programmer. By photographing the sample at various stages during the heating 
procedure, changes in the sample size (in terms of area) was measured and the 
degree of ‘collapse’ evaluated as a function of temperature. In fact, it was 
through this method that ‘collapse’ was observed to occur over a wide range of 
temperatures (see Results and Discussions).

The heating system consisted essentially of three parts: a 25 X 25 mm glass 
coverslip having a transparent, electrically resistive coating, a programmable 
heating control unit, and a temperature monitoring system. The coverslip 
heater was fabricated by heating the 25 mm square cover glass (Corning No. 1, 
New York) to about 400°C on an aluminium block over a Bunsen flame. A 
mixture consisting of 17 g stannic chloride pentahydrate, 34 g of acetone and 
0.3 g of antimony pentachloride was sprayed onto the glass through an air 
brush (Paasche H 3") at 20psig dry nitrogen. About 20 mi of the mixture were 
needed for each batch of six cover glasses. Proper resistance was about 100 
ohms when measured with point electrodes placed near opposite edges of the 
coverslip. A well-sprayed coverslip would have a blue-grey tinge. Power to the 
cover glass was supplied through thin wires attached to the tin oxide side by 
conductive epoxy cement (Dynaloy 340, Hanover, New Jersey). For ease of
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handling under the microscope, the coverslip heater was taped, non-conducting 
side up, to a 75 X 25 mm glass microscope slide. A custom-built temperature 
programmer was used to regulate the DC voltage input to the coverslip heater 
(Chen, 1977). Temperature of the coverslip was monitored by a fine-wire 
copper-constantan thermocouple o f 0.002 in diameter with a bead diameter 
o f 0.006 in (Omega Engineering, Stamford, Conn.). Eleven discrete heating 
rates between 2 and 40°C/min were available and the upper limit of heating 
was variable from 30 to approximately 190°C. At any point during the 
heating program, the programmer could be manually switched to operate in the 
isothermal mode, after which heating could be resumed at the previous rate or 
at a new rate if desired. The fine-wire thermocouple was also connected to a 
recorder equipped with an event marker (Sargent DSRG) so that transitions 
observed in the microscope could be entered onto the temperature recording. A 
schematic of the system is given in Fig. 1.

In a typical determination, flakes of freeze dried sample were broken off 
with a needle and placed on the coverslip heater. Three to five drops of silicone 
oil (Dow Coming 200 Fluid, 500 cSt viscosity) were added, the controlling 
thermocouple placed in the centre of the sample and a 12X12 mm cover glass 
added to sandwich the sample flakes and thermocouple (Fig. 1). The silicone 
oil was necessary to give good thermal contact between the sample and the 
heater. The top cover glass held the sample and thermocouple in place and also 
prevented exposure of the sample to air due to flow of the silicone oil at high 
temperatures. After both sample and thermocouple bead were brought into 
focus (generally at X 150 magnification) the heating programme was commenced. 
Particular flakes were chosen for examination and photographed at various

F ig u re  1. Schematic of the microscope heating stage. A Slide heater, B micro
scope, C ice reference, D temperature programmer, E recorder; 1 coverslip 
( 1 2 x 12 mm), 2 sample-oil mixture, 3 thermocouple, 4 coverslip (25 x 25 mm), 
5 tin oxide coating, 6 conductive epoxy, 7 leadout wire.
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stages in the heating process. The area of the flake was determined gravimetric- 
ally by cutting the flake from the photograph and weighing the paper (so-called 
‘cut and weigh’ technique). The extent of ‘collapse’ was defined in terms of the 
change in flake area. Changes in flake area were expressed by either of two 
methods. The first method required carrying the ‘collapse’ treatment until the 
flake had become a round structureless ‘blob’ and no further change in area was 
observed. In this case fractional ‘collapse’ was defined as ( A f  — A ) / ( A [  — A f ) ,  
where and A f denoted initial and final areas respectively. The second method 
was to measure ‘collapse’ as percent of initial area, i.e. 04j— A ) / A { ,  thus elimin
ating the need to determine the final area.

Results and discussion
E v a l u a t i o n  o f  a m p o u l e  m e t h o d  f o r  d e t e r m i n i n g  Tc

The ampoule method is the only means by which effect of moisture on T c 
can be studied quantitatively. It has been found that moisture plays a very 
important role in ‘collapse’, and a 1% difference in moisture is enough to 
change T c by 5°C in most samples studied. Residual moisture after freeze 
drying therefore can drastically alter T c of the ‘dry’ substance. When ampoules 
containing different amounts of sucrose solution (20%w/w solids) are freeze 
dried for 48 hr and their T c determined, it is found that ampoules containing 
more solution initially have lower T c (Fig. 2, curve A). If the set of sucrose

2

70

0-5 1-5Sample volume (ml) 2-5
Figure 2. Effect of sample volume on residual moisture and T c of freeze dried 
sucrose. Curve A, freeze dried; curve B, residual moisture after freeze drying; curve C, freeze dried followed by vacuum oven drying.
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samples are subjected to additional vacuum over drying at 45°C for 12 hr and 
then their T c measured, the dependence on sample volume is eliminated. In 
every case the T c of samples additionally dried in the vacuum oven are higher 
than those which are merely freeze dried at ambient temperature conditions 
(Fig. 2, curve C). The reason for the lower T c in samples containing larger 
volumes of solution is that residual moisture in larger volume samples is higher 
(Fig. 2, curve B). Presumably this is due to the greater sample thickness, since 
the diameter of the ampoules is constant. Figure 2 shows that in order to 
obtain as low a moisture content as possible in the freeze dried samples without 
collapsing them, it will be necessary to further dry them in a vacuum oven at a 
temperature slightly below T c . All subsequent T c determinations with ampoules 
were done with prior vacuum oven drying.

E v a l u a t i o n  o f  o p t i c a l  m i c r o s c o p e  m e t h o d  f o r  d e t e r m i n i n g  Tc
The T c of any sample could be found by heating it at a fixed rate (usually 

40°C/min) and noting the temperature when sample shrinkage was first 
observed. This gave a quick and simple method for T c measurements making it 
comparable to routine melting point determinations. This microscope method 
was evaluated for accuracy and sensitivity by measuring the melting points of 
crystalline compounds having known melting points between 40 and 180°C.

F ig u re  3. Melting points of crystalline materials determined by the microscope 
heating stage. 1 Laurie acid, 2 Thymol, 3 a-tristearin, 4 sodium acetate 3H20, 
5 tripalmitin, 6 naphthalene, 7 a-naphthol, 8 benzoic acid, 9 fructose, 10 
malonic acid, 11 cholesterol, 12 glucose, 13 mannitol.
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The procedures were exactly the same as in Tc measurements. Figure 3 shows a 
very good correlation between measured and known melting points.

To evaluate the reproducibility of the microscope method for Tc determina
tions, measurements were made on five different batches of freeze dried 
maltose which have been stored over CaCl2 since preparation. Five Tc deter
minations were made on each batch and the results given in Table 2. Samples A 
and B had been given an additional 24 hr of vacuum oven drying at 80°C prior 
to Tc determination. It can be seen that within each batch, the standard devia
tions are all less than 2%. Analysis of variance shows that samples A and B 
differ significantly (P< 0.01) from C, D and E, but that there is no difference 
within each group (Table 3). This difference between A and B, and C, D and E, 
is due to the lower moisture content for the samples which were vacuum dried 
just prior to analysis. The between-day variation in Tc of maltose was also 
investigated over a 10-day period and no variation was found once the moisture 
content of the sample stabilized.

Evaluation o f  DTA and TMA methods for measuring Tc
DTA and TMA methods of Tc determinations will reduce the influence of 

operator variability which exists with the visual microscope or ampoule 
methods. Performance of the DTA was first evaluated with melting endotherms 
of a number of crystalline carbohydrates. The melting points were within 2 to 
3°C of the true values and A T  of melting were routinely between 1 to 3°C. 
Figure 4 shows DTA traces for freeze dried sucrose, maltose and their 1: 1 
mixture. All samples were prepared from solutions containing 20% solids by

Table 2. Microscope T (  for five samples of freeze dried maltose
Sample Tc(0C) T1 c s.d
A 102 101 104 103 103 102.6 1.14
B 102 99 101 102 102 101.2 1.30
C 95 95 95 96 93 94.8 1.10
D 96 94 96 98 94 94.6 1.67
E 99 95 96 95 97 96.4 1.67

Table 3. One-way analysis of variance of T c measurements of maltose

Groups d.f.* F

Tabulated F values
95% 99% Significance

A, B, C, D, E 4, 20 31.8 2.87 4.43 P <  0.01
A, B 1,8 3.27 5.32 11.3 NS
C, D, E 2, 12 1.41 3.89 6.93 NS

Degrees of freedom.
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F ig u re  4 . DTA of freeze dried sucrose, maltose and their mixture.

weight and freeze dried for 48 hr at ambient temperature with a pressure of 
<  50 millitorr. The DTA of freeze dried sucrose shows a second order transition 
at 52°C, a re crystallization exotherm at 112°C, and a melting endotherm asso
ciated with the now crystalline sample at 192°C. On cooling this melted sample 
of sucrose to ambient temperature and then reheating, no DTA features other 
than the melting endotherm can be seen. This type of DTA behaviour for 
freeze dried sucrose has previously been noted by Simatos & Blond (1975). 
Figure 4 also shows the DTA of freeze dried maltose which indicates a second 
order transition at 100°C, the Tc of the sample. When a solution of 10% sucrose 
and 10% maltose was freeze dried, the DTA of the resulting matrix shows 
transitions at 54 and 80°C, the latter temperature being close to the Tc for this 
mixture as determined microscopically. The data show that second order type

F ig u re  5. Transition temperatures of freeze dried maltose determined by DTA 
and TMA.
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F ig u re  6 . Transition temperatures of freeze dried maltodextrin (Maltrin M250) 
determined by DTA and TMA.

glass transitions occur at or slightly below the T c for freeze dried carbo
hydrates.

The DTA and TMA modes use the same x - y  recorder and accompanying 
electronics. Thus both the DTA and TMA traces can be put on the same 
thermogram, sharing the common x-axis temperature scale. In general, the 
TMA curve shows only one transition. This occurs at the T c of the freeze dried 
sample. In freeze dried maltose, both DTA and TMA show a transition at 
around 100°C (Fig. 5). In a few instances, T c cannot be readily determined from 
the DTA trace alone. An example is freeze dried maltodextrin M250 whose 
DTA shows only faint indications of transitions at 150 and 219°C (Fig. 6—DTA 
1, 2 and 3 are replicates for the same M250 sample). By overlaying the TMA 
curve onto the DTA, it becomes clear that T c of this sample is at 146—150°C. 
The suspected DTA transition at higher temperature cannot be confirmed by 
TMA since it is outside the operating range of the Du Pont 940 instrument. 
From these examples it can be seen that DTA and TMA complement each other in 
providing information on structural changes of freeze dried carbohydrates.

E v a l u a t i o n  o f  m e t h o d s  f o r  m e a s u r i n g  d e g r e e  o f  ‘c o l l a p s e ’

The discovery that ‘collapse’ occurs to varying extent at different tempera
tures was first noted on a series of freeze dried sucrose and maltose mixtures. 
These mixtures were subjected to vacuum oven drying at 80°C and their T c 
determined by TMA. Those samples with T c higher than 80°C prior to oven 
drying had their T c slightly elevated due to moisture removal. However, 
samples with T c lower than 80°C prior to drying underwent varying degrees of 
‘collapse’ during drying. When their T c were measured by TMA after drying, 
they were all about 80°C, the temperature at which the ‘collapse’ in drying 
took place (Fig. 7). Thus by merely heating a freeze dried sample to a tempera
ture slightly higher than its original T c , it is possible to then cool it and obtain a
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0 _ J ___________ 1____________ I_____________ I________________I20 40 60 80 100% maltose in solids
F ig u re  7. T c of freeze dried sucrose-maltose mixtures. Triangles, T c determined 
by the ampoule method after freeze drying. Circles, T c determined by TMA after 
freeze drying and exposure to 80°C.

new Tc equal to the highest temperature previously reached. This was further in
vestigated by heating a sample of freeze dried maltose on the microscope 
heater. The instant the sample was observed to shrink (i.e. ‘collapse’), it was 
cooled by turning off the heater. The Tc was noted and the cooled sample re
heated until ‘collapse’ was again observed. By plotting the Tc so obtained, 
against the respective maximum temperature reached previously, a linear 
relationship resulted (Fig. 8). Using TMA to determine the Tc, the same beha
viour was observed. A sample of freeze dried sucrose—glucose (9:1 w/w) was

F ig u re  8. Collapse of freeze dried maltose as a function of previous temperature 
history.
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Figure 9. T c of freeze dried glucose—sucrose mixture (2%: 18% w/w) determined 
by TMA. Curve A, continuous heating above 100°C. Curve Bl, a second sample 
heated to 75°C and immediately cooled, then reheated to 85°C (curve B2), 
cooled and heated past 100°C (curve B3). Curves are displaced vertically to 
facilitate comparison.

heated continuously past 100°C. Tc was found to be around 70°C (Fig. 9, 
curve A). Another sample was heated to 75°C (Fig. 9, curve B l) just slightly 
above the Tc noted in the curve A. The 5 g load was removed and the sample 
rapidly cooled by lowering the heater surrounding it. The same sample 
was reheated to a higher temperature (curve B2), cooled and heated up a third 
time to a still higher temperature (curve B3). It can be seen that after each 
cooling, renewed heating will not give ‘collapse’ until the previous maximum 
temperature is reached. This means that ‘collapse’ is not an all-or-nothing 
phenomenon; rather, once started, it can be stopped partway or allowed to 
proceed to a higher degree, depending on the temperature. The use of photo
microscopy shows this behaviour clearly. A flake of freeze dried maltose was 
heated from ambient to 140°C and photographs taken at various temperatures 
during heating. The outline of the flake at each temperature is given in Fig. 10 
and the fractional ‘collapse’ 04, -  A)!{AX — Af) is plotted against temperature in 
Fig. 11. The degree of ‘collapse’ increased linearly from 100 to 120°C and then 
started to plateau. Flake area did not stop shrinking until about 140°C, giving a 
range of 40°C in which ‘collapse’ of maltose was occurring. It is apparent that 
by measuring the flake area at a number of temperatures and extrapolating to 
‘zero collapse’, one can objectively find the Tc of a sample as it is usually de
fined. Extrapolation of Fig. 11 to ‘zero collapse’ gives a Tc of 100°C, identical 
to results obtained by other methods.

The influence of experimental variables on ‘collapse’ behaviour was studied 
using flake area as a measure of degree of ‘collapse’. The effect of heating rate
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Figure 10. Area of a freeze dried maltose flake at various stages of collapse 
(magnification x 150).

on Tc of freeze dried maltose was studied. Heating rates of 2, 10, 20, 30 and 
40°C/min were used to heat the sample. While slight differences were noted in 
degree of ‘collapse’ for heating at 2°C/min and 10-40°C/min, extrapolated Tc 
was found to be independent of heating rate (Fig. 12). The effect of holding a 
freeze dried sample of maltose at various temperatures above Tc was investi
gated. A sample flake was heated from ambient to 140°C. At 107, 115, 125

100 120 140Sample temperature (°C)
Figure 11. Normalized degree of collapse of freeze dried maltose at different 
temperatures.
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Figure 12. Effect of heating rate on measured T c of freeze dried maltose.

and 136°C, the temperature programmer was manually switched to the iso
thermal mode to hold the sample at constant temperature for 5 min. At 0, 2 
and 5 min holding time, photographs of the flake were taken. After 5 min the 
same sample was heated to the next higher temperature (Fig. 13). It can be 
seen that during each holding period, very little ‘collapse’ occurred after the 
first 2 min. Thus degree of ‘collapse’ is not a time dependent phenomenon, but

_______i_______i_______i_______i_______i0 2 4
Hold time (min)

Figure 13. Effect of holding at different temperatures above T c on the degree of 
collapse in freeze dried maltose.
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rather is solely dictated by the temperature reached in the sample. This type 
of ‘collapse’ behaviour is found not only in freeze dried maltose, but in other 
freeze dried carbohydrates and their mixtures. In most cases the range of 
temperature over which ‘collapse’ can be observed is 20—40°C, with degree of 
‘collapse’ varying linearly with temperature for the first 80% of ‘collapse’ in 
most systems studied.

Several reports have been noted on the importance of considering inter
mediate levels of ‘collapse’ for describing the retention behaviour of volatile 
flavour compounds during freeze drying (Bellows & King, 1973) and loss of 
entrapped flavour from previously freeze dried materials (Flink & Karel, 1972; 
Chirife & Karel, 1974). With the techniques noted above, quantitative deter
minations of the degree of ‘collapse’ are now possible. Use of these techniques 
for studying quantitatively the relationship between ‘collapse’ and flavour loss 
are presented in Part III of this series of papers on ‘collapse’ (To & Flink, 
1978b).

‘C o l l a p s e ’ in  f r e e z e  d r i e d  c a r b o h y d r a t e s .  I
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‘Collapse’, a structural transition in freeze dried 
carbohydrates
II. Effect of solute composition

EDDIE C. TO* a n d  JAMES M. FLINKf

Summary

The influence of moisture, component molecular weight or binary mixture 
composition on Tc of freeze dried matrices was evaluated. It was shown that 
log(Tc) is linearly related to moisture content, with a break in the curve 
at approximately the BET monolayer. The collapse temperature, Tc, was 
inversely proportional to molecular weight for a homologous series of malto- 
oligosaccharides. An expression giving the change in Tc for compositional 
changes in a binary mixture, with both components remaining amorphous, was 
shown to apply. Knowing the relationship between Tc and degree of polymer
ization enabled the prediction of Tc of any multi-component mixture of 
malto-oligosaccharides based on the general expression 1 /T c = 2  WJTC1. Large 
increases in Tc in the presence of a crystalline phase was shown for freeze 
dried inositol-containing systems at high inositol contents. These results are 
discussed on the basis of structure in the freeze dried matrix.

Introduction
Among methods commonly used by the food industry for drying, freeze drying 
is unique in that water is removed by sublimation of ice instead of evaporation 
of liquid water. Substances which have been freeze dried possess a set of 
properties that is characteristics of this method of drying. If the initial solids 
concentration of the starting solution is greater than 1% (weight basis), the 
freeze dried solid will retain the shape of the container in which it is frozen, 
thus forming a ‘cake’. Other methods of drying produce powders, as in spray 
drying, or sheets, as in drum drying. Only in freeze drying is it possible to 
obtain an extensive gross structure of low bulk density. Microscopic examina
tion of freeze dried substances shows layers of needle-like void spaces
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previously occupied by the ice crystals which formed during freezing (Gejl- 
Hansen & Flink, 1976). When the freeze dried cake is subjected to heating, at a 
certain temperature a change in structure known as ‘collapse’ generally occurs 
(Tsourouflis, Flink & Karel, 1976). This ‘collapse’ phenomenon is most notice
able as a radial shrinkage of the cake. The cause of this shrinkage has generally 
been attributed to reduction in the viscosity of the matrix to the point where it 
becomes too low to support its own weight resulting in flow of the matrix 
(Bellows & King, 1973). The temperature at which this occurs is a function of the 
moisture content, as well as the type of solute (Tsourouflis et al., 1976). They 
found that ‘collapse’ temperature ( Tc) decreases as moisture content of the 
freeze dried solid increases. It was shown that low molecular weight solutes 
have lower Tc values than higher molecular weight solutes, and further that 
addition of high molecular weight gums or starches to solutions of low molecular 
weight sugars, such as orange juice will increase the Tc of the freeze dried juice.

The phenomenon of ‘collapse’ is not limited to dried materials. During 
freeze drying, when the material subjected to drying consists of an ice core, a 
moist layer with a moisture gradient and a dry layer, part of the moist layer can 
undergo ‘collapse’ if the temperature is increased beyond certain critical levels. 
Using microscopic techniques, MacKenzie (1965) has determined the Tc of a 
number of solutes during freeze drying. These temperatures also show a depen
dence on the solutes’ molecular weight. Starches and proteins have Tc close to 
— 10°C, while glucose and fructose are found to collapse around — 40°C. 
Bellows & King (1973) studied the collapse phenomenon by visually observing 
the temperature at which the freeze drying sample started to show puffing. 
Their amorphous viscosity theory proposed that during freezing, formation of 
ice results in development of a concentrated amorphous solute phase (CAS), 
and that collapse occurs during drying when the viscosity of the CAS phase is 
below a critical level of 107 to 1010 cP.

Other examples of structural changes in the ‘dry’ state due to the combined 
effects of temperature and moisture can be cited. In a spray drying operation, 
if the operating temperature or humidity in the chamber are too high for the 
particular food material, the dried powder will stick to the dryer walls (Brennan, 
Herrera & Jowitt, 1971). One way to reduce this sticking is by adding less 
sensitive materials as carriers (Mizrahi, Berk & Cogan, 1967). The process of 
agglomeration, in which dry powders are carefully re-wetted to cause them to 
stick together in clumps which are then re-dried, is related to the same ‘collapse’ 
(Masters & Stoltze, 1973). Caking of dry powders following exposure to humid 
air or fluctuating temperatures is also a form of ‘collapse’ (Peleg & Mannheim,
1977). In all these cases, the dry powders exist initially in an amorphous solid 
state. ‘Collapse’ is the visual result of the amorphous solid undergoing viscous 
flow, when it takes on a liquid-like property. As described in all the above 
examples ‘collapse’ appears comparable to second order glass transitions of 
amorphous polymers in which the transition temperature, Tg is dependent 
on the diluent content in much the same way that moisture affects ‘collapse’.

‘Collapse’ also appears to be an important factor relative to retaining organo
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leptic quality of dry powders during storage. It is well known that freeze drying 
and spray drying processes have a high ability to encapsulate flavours and 
volatile compounds. For freeze drying, flavour volatiles so entrapped have been 
found to be confined to very minute regions in the matrix and neither grinding 
nor vacuum packaging can bring about the removal of the entrapped volatiles 
(Flink, 1975). However, loss of volatiles does occur when the samples are 
heated or exposed to moisture. At increasing moisture levels in the sample 
above a critical value more volatile is lost (Chirife, Karel & Flink, 1973; Flink & 
Karel, 1972). When heat is applied, loss of volatiles does not occur until Tc is 
exceeded (Chirife & Karel, 1974). Recently Gejl-Hansen & Flink (1977) noted 
that if the surface-oil layer of carbohydrate emulsions is removed by hexane 
extraction the dry emulsions do not undergo oxidation even though micro
scopic examinations showed the presence of entrapped oil. However, when 
the sample is ‘collapsed’ by the addition of water, oxidation commences 
immediately.

It appears that the metastable amorphous state obtained by freeze drying has 
many exploitable properties such as flavour entrapment and protection of 
emulsified fat against oxidation, but that retention of these properties depends 
on maintenance of the metastable, non-collapsed state. Previous studies have 
focused attention on the moisture and temperature effects of ‘collapse’ 
(Tsourouflis et al., 1976). In this paper we present evidence of the existence of 
second order transitions in freeze dried carbohydrates and give quantitative 
relationships between moisture and Tc, molecular weight and Tc, and solids 
composition in mixtures and Tc. The form of these quantitative relationships 
for the ‘collapse’ phenomena is similar to ones used in describing glass transi
tion behaviour of polymers. The relationship of ‘collapse’ to the amorphous 
and/or crystalline nature of the freeze dried sample is discussed.

Materials and methods
Methods used to determine Tc are described in the preceding paper (To & 
Flink, 1978). Freeze dried samples which have not been rehumidified were 
crushed and Tc found by heating under the microscope, by DTA or TMA. The 
ampoule method was used to study the effect of moisture on Tc. Microscopic 
observation under cross polarizers was used to test for crystallinity.

In order to establish a quantitative relationship between molecular weight 
and Tc, gel filtration chromatography on Sephadex G25 was used to fractionate 
a commercial maltodextrin (Maltrin M250, Grain Processing, Muscatine, Iowa) 
into the component oligosaccharides. Maltrin M250 was the material chosen for 
Tc evaluation because its elution profile shows an even distribution of solids in 
all fractions. Tc was determined on the freeze dried pooled fractions of three 
gel filtration runs. A 55 X 4.3 cm column was used with a flow rate of 100 ml/ 
hr. The elution time was 8 hr with fractions collected at 6 min intervals. The 
oligosaccharide concentration in each fraction was determined by the phenol-
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sulphuric acid assay (Dubois et al., 1956). This information was used to 
calculate the amount of solids in each fraction so that all fractions could be 
rehydrated to 2% solids prior to a final freezing in liquid nitrogen and freeze 
dried. Tc of each dried fraction was determined microscopically.

Results and discussions
Effect o f  moisture on Tc

The addition of moisture to freeze dried solids lowers their Tc. In fact the 
exposure of any dry powder which is water soluble to humidity at room 
temperature will eventually cause their Tc to be lowered below the ambient 
temperature and ‘collapse’ or sticking will result. Tsourouflis et al. (1976) 
found decreases in Tc for increasing moisture content for freeze dried sucrose 
and maltose as well as for freeze dried maltodextrins of higher molecular 
weight. (As an aside, it can be noted that the effect of moisture on Tc of two 
freeze dried proteins, gelatin and bovine serum albumin, showed similar beha
viour to that seen with the carbohydrates though the proteins could tolerate a 
higher level of moisture than the carbohydrates without collapsing.)

A quantitative relationship between moisture and Tc has been presented by 
Tsourouflis et al. (1976). They proposed a linear relationship between log(mc) 
and Tc or \/Tc where me is the moisture content on a dry weight basis. Using 
this relationship they indicated that the Tc during freeze drying could be found 
by extrapolation of data obtained with dry and rehumidified samples. They 
also noted that literature values for the sticky point during spray drying and 
moisture-temperature relationships for agglomeration follow the log(mc) versus 
Tc or l/Tc plots. This was interpreted to support the amorphous viscosity 
theory of collapse with the log(rac) versus Tc curves giving the interdependence 
of moisture and temperature for the critical viscosity of about 107 to 1010cP.

In the present study when collapse of freeze dried maltose was examined at 
high moistures and subzero Tc. it was found that the plot of log (me) versus Tc 
or \/Tc is not linear. (It should be noted that the form of the equation does not 
provide a Tc for samples at zero moisture since log of zero is undefined.) Thus, 
while the Tsourouflis, et al. (1976) relationship had its practical value, it will 
be shown below that more meaningful interpretations can be obtained by 
relating log Tc and me. Such a plot for maltose shows a straight line with a 
change in slope around 7% moisture (Fig. 1). Nissan (1976) studied the effects 
of hydrogen bond breaking on the mechanical strength of cellulosics and found 
the following linear relationship between log of the normalized Young’s modulus 
and moisture content:

where E is the Young’s modulus and is related to the number of hydrogen

In (E/E0) = - me 
In (E/E0) = C\ - C2 (me) me > BET

me < BET (1)
(2)
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Figure 1. Log(rc) versus moisture content for freeze dried maltose. •, Slow frozen, ■ , fast frozen.

bonds per unit volume, E0 is Young’s modulus at zero moisture, C, and C2 are 
constants, and BET is the moisture content at the monolayer value. Equations 
(1) and (2) represent two straight lines of different slopes and intercepts. 
According to Nissan (1976) the first equation represents the situation when the 
moisture content is less than the BET value and the addition of one molecule 
of H20  leads to the breaking of one H-bond. The second equation is applicable 
when the moisture content is greater than the BET value and sorption of an 
additional H20  molecule leads to multiple H-bond breakage. It is noted that in 
a similar manner the log(7^) of maltose is linearly related to moisture content 
with a change in slope at 7% moisture, which is near the BET for freeze dried 
maltose (Flink & Karel, 1972). This similarity leads us to believe that both Tc 
and E  measure an equivalent structural force which is hydrogen bonding. Thus 
there is a theoretical basis for the lo g (rc) versus me equation; in addition this 
form also permits the assignment of Tc for samples of zero moisture as well as 
the possibility for extrapolation of a Tc value for freeze drying if the moisture 
content of the concentrated amorphous solute is known (MacKenzie, 1965; 
Aguilera & Flink, 1974). From data of Tsourouflis et al. (1976) and Maltini
(1977), a plot of lo g (rc) versus me for freeze dried sucrose also was found to 
be linear with a break at 10% moisture. Further, when data from Karivaya & 
Hoeve (1975) showing the effect of moisture on the glass point of elastin was

37
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Figure 2. Log(rg) versus moisture content for oven dried elastin (data of 
Karivaya & Hoeve, 1975).

plotted as logiTg) versus me, two straight line segments were obtained with a 
break occurring at 8% moisture (Fig. 2). This suggests that collapse in freeze 
dried carbohydrates and glass transition of an oven dried protein, elastin, may 
be related phenomena associated with the breaking of H-bonds.

Effect o f  molecular weight on Tc
The effect of molecular weight on Tc has been qualitatively studied by 

Tsourouflis et at. (1976). They found that within a series of maltodextrins 
having dextrose equivalents (DE) of 10, 15, 20 and 25, the Tc increased as the 
DE values decreased. The DE value is an index of the degree of hydrolysis 
undergone by a starch, with higher DE values corresponding to greater extents 
of hydrolysis (i.e. lower average molecular weight). Thus, mixtures containing 
low molecular weight solutes (i.e. high DE values) gave low Tc and vice versa. In 
addition, Tc of a homologous series of pure compounds are also found to 
increase with molecular weight. For example starch has a higher Tc than the 
sugars maltotroise, maltose or glucose. A quantitative relationship between Tc 
and molecular weight has not been established.

In the present study, a DE 25 maltodextrin (Maltrin M250) was fractionated 
and the Tc of all fractions determined. An average molecular weight for each 
fraction was calculated from the elution volume using the method of Schmidt 
& Enevoldsen (1976). They showed that the degree of polymerization for a 
malto-oligosaccharide series is linearly related to log(AT), where K is defined 
as (F e — F0)/(F t -  V0). Ve is the elution volume, V0 is the void volume, and Vt
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is the total volume. Tc measurements on maltose and maltodextrin series were 
used to develop a relationship between degree of polymerization and Tc. Since 
unfractionated maltodextrins were used, an average degree of polymerization 
based on the dextrose equivalent value had to be used. The validity of this was 
tested by using this relationship and the Tc measurements of the M250 
fractions noted above to determine the degree of polymerization versus 
- lo g ( tf )  behaviour for the M250 fractions. As predicted by Schmidt & 
Enevoldsen (1976) a straight line was obtained. From this, a plot of degree of 
polymerization versus Tc for the fractionated M250 was made (Fig. 3) and by 
assuming that only malto-oligosaccharides are present, an average molecular 
weight calculated. In Fig. 4 it is seen that Tc of the fractions versus the re
ciprocal of their molecular weight gives a straight line for degrees of polymer
ization greater than or equal to three (i.e. glucose and maltose deviate from the 
line). Included in Fig. 4 is the molecular weight dependence of the glass transi
tion temperature (Tg) of polystyrene taken from the literature (Meares, 1965). 
This curve shows that Tg of polystyrene is related to its molecular weight by 
the expression
Tg = Tg + K) MW (3)

Degree of polymerization (no of glucose)
Figure 3. T c of chromatographed fractions of Maltrin M250 on G25 versus 
degree of polymerization. •, chromatographed fractions, \  reference com
pounds, not chromatographed.
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Figure 4. Effect of molecular weight on T c of malto-oligosaccharides and on Tg 
of polystyrene.

where Tg is the glass transition temperature at infinite molecular weight, K  is a 
constant related to the physical properties of the polymer and MW is the mole
cular weight. T c of malto-oligosaccharides, which follow the same relationship 
(Fig. 4) have an extrapolated T f  of around 280°C. This higher value of 7 “ as 
compared to Tg of polystyrene (about 100°C) may be due to the higher bond 
energies in H-bonds in the freeze dried carbohydrate network as compared to 
Van der Waals’ forces in the polystyrene network.

P r e d ic t io n  o f  Tc in  f r e e z e  d r ie d  m ix tu r e s  o f  k n o w n  c o m p o s i t io n
The results of Tsourouflis e t  al. (1976) have shown that freeze dried solids 

containing a mixture of two solutes have a Tc intermediate between the T c of 
each of the pure components. A smooth curve could generally connect the T c 
values for all mixtures of a given binary solute system, with the exception of 
some food gums where addition of small quantities of gum to a low T c solute 
such as orange juice powder resulted in a discontinuous jump in T c . In the 
present study, microscopic evaluation showed the T c of a number of dry binary 
solute systems to be quantitatively related to the weight fraction and T c of 
each pure component in the following manner:
1/7'c = ( W j T cl + W 2 B I T c2) l ( W l + W 2 B )  (4)
where T c are in degrees absolute, W is the weight fraction, B  is a constant, and
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the subscripts 1 and 2 denote the tw o solute com ponents in the mixture. For 
Tg o f  ideal copolym ers the B  value is obtainable from free volum e theory  
(Meares, 1965) but in practice its value is hard to predict. Knowing the Tc o f  
the pure solutes and one m ixture, eqn (4) is used to solve for the constant B. 
Once the B  for a system  is know n, the Tc o f  m ixtures o f  the tw o solutes in any 
ratio can be predicted. Presumably the same type equation will also be valid for 
hum idified system s. Equally valuable, eqn (4) permits the prediction o f  Tc o f  
pure solutes which are very hard to freeze dry due to the low  ‘collapse’ tem 
perature during freeze drying (e.g. fructose and glucose). In this case, B  is 
found from Tc values for tw o or three m ixtures o f  the low  Tc com ponent with  
a high Tc solute such as m altodextrin M l50. The fit betw een predicted and 
measured values o f  Tc for m ixtures containing m altose or M l50 is shown in 
Fig. 5, together w ith the B  values for each o f  the binary solute system s. In the 
strictest sense the term binary should not be used in m ixtures containing  
m altodextrins (e.g. Maltrin M l50), since even though freeze dried malto- 
dextrins can be characterized by a single Tc, they in fact contain solutes having 
a wide range o f  degree o f  polym erization (DP). As noted in Fig. 5, however, 
m altodextrins do act as a single com ponent in mixtures. Using the relationship  
betw een Tc and DP given in Fig. 3, together with m alto-oligosaccharide distri-

▲

o 0-50 1-00Wt froction of maltose or MI50
Figure S. T c of mixtures containing Maltrin Ml 50 (solid symbols) or maltose 
(open symbols). Symbols are measured values, lines follow T c as predicted by 
eqn (4) in text; the numbers indicate B  values for that mixture.
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bution data obtainable by gel filtration chromatography, the T c o f  any m ulti
solute matrix com posed o f  the hom ologous series o f  malto-oligosaccharides can 
be predicted using a generalized form o f  eqn (4):
1IT C = 2  W i/T ci. (5)
This relationship has been tested with m altodextrins having DE values o f  10, 
15, 20 and 25 as well as various m ixtures o f  Maltrin M l50 (DE 15) w ith glucose 
and m altose. The predicted Tc, based on  com position, are reasonably close to  
actual values measured experim entally. Table 1 shows the com position o f

Table 1. Fractional weight percentages and T c used for predictions of T c of malto- 
oligosaccharide mixtures

Weight of maltrin fractions (%)
DP T c { °  C) M250 M200 Ml 50 M100

1 35 4.50 2.04 1.04 0.31
2 100 9.40 6.05 3.96 1.34
3 120 9.50 8.53 6.32 3.44
4 145 7.60 6.39 5.25 2.98
5 175 6.60 6.11 4.75 2.64
6 184 9.80 12.00 8.79 5.35
7 205 8.60 10.38 8.98 6.41
8 215 4.90 4.29 4.78 4.20
9 220 3.10 2.71 3.26 2.41

10 225 2.30 2.09 2.57 2.41
11 230 1.90 1.77 2.07 2.12
12 235 1.70 1.73 1.94 1.85
13 240 1.60 1.43 1.74 1.73
14 242 1.50 1.21 1.48 1.62
15 245 1.00 1.19 1.34 1.47
16 248 1.10 0.86 1.18 1.1717 250 1.10 0.83 0.95 1.1020 255 23.30 30.59 39.49 56.78

Predicted T c 1 50°C uor-~- 1 90°C 217°C

different m altodextrins together with their predicted Tc, based on T c values for 
each DP given in the second colum n. Using this com position data, it is possible 
to calculate the weight average and number average molecular weights o f  the 
four m altodextrins. The results in Fig. 3 are based on a relationship betw een T c 
and DE values. Since DE values are indices o f  number average molecular 
weights, Fig. 4 therefore shows a relationship betw een Tc and number average 
m olecular weight o f  malto-oligosaccharides. However, the fact that Tc o f  the 
four m altodextrins lie on the T c versus DP curve for chromatographed fractions 
(Fig. 3) clearly indicates that m olecular weight dispersion o f  the m ixture has 
little effect on its resulting Tc .
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Crystallinity in freeze dried solids
A lm ost all water-soluble carbohydrates freeze dry to an amorphous powder. 

While X-ray diffraction studies o f  freeze dried sucrose have indicated a largely 
unorganized condition , electron diffraction studies have shown that m inute 
regions o f  crystallinity exist in these samples. Such regions are not found in the 
am orphous state obtained by rapid quenching o f  m olten sucrose (Sim atos & 
Blond, 1975). These regions are too  small to be observed under polarized light 
with the optical m icroscope. In the present study, crystallinity is defined in 
terms o f  a sample being able to  refract polarized light and having a melting 
temperature at which this ability is lost.

The im portance o f the amorphous or crystalline state in determining Tc o f  
freeze dried substances is shown with binary solute system s containing the 
h exito l, inositol. Binary solute solutions containing various weight fractions o f  
inosito l and a second solute were prepared at a total solids content o f  20% 
(weight basis). These solutions are freeze dried and their Tc determined by the 
am poule m ethod. Results show that freeze dried inositol has a ‘T f  close to  
220°C , comparable to that o f  freeze dried Maltrin M l50 (Fig. 6). H owever, Tc 
o f  binary solute m ixtures containing inositol do not follow  values predicted by 
eqn (4). A ddition o f  inositol to  m altose resulted in the lowering o f  Tc to below

glucose
0 50Inositci in solids (%) 100

Figure 6. T c of mixtures containing inositol. Initial solution concentrations are 
20%w/w (open symbols) and 10%w/w (filled symbols).
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100°C instead o f  an increase toward higher temperatures. The fact that 
addition o f  inositol low er the Tc o f  Maltrin M l50, m altose and sucrose ( Tc in 
the pure state 22 0 , 100 and 70°C respectively) but does not affect the Tc o f  
glucose indicates that it behaves as if  it has a ‘7V o f 35°C. M icroscopic investi
gations indicate that the anom alous behaviour o f  inosito l in the freeze dried 
state is due to the form ation o f  a crystalline matrix when pure inositol is freeze 
dried, but not when it is freeze dried in binary m ixtures. Further investigations 
were conducted at total solids contents o f  2, 10, 15 and 20% (weight basis) 
using m altose as the second solute. Tw o freezing rates were obtained by either 
im m ersion in liquid nitrogen (fast frozen) or placing in still air at — 20°C (slow  
frozen). A fter freeze drying, T c o f  the m ixtures were determined by the 
am poule m ethod (Fig. 7). Results show that the T c o f  the m altose-inositol 
system  depends on the total solute concentration, solute ratio in the m ixture 
and the freezing rate. At either freezing rate, as total solids in the starting solu
tion  decrease from 20 to 2%, the inversion from amorphous to crystalline 
matrix occurs at a higher and higher percentage o f  inosito l in the solids. For 
samples having 20% solids w ith fast freezing, inversion occurs above 50% 
inositol in the solids whereas in the slow frozen sample, inversion to the crystal
line state occur at 40% inositol. As the total solids content decreases, freezing 
rate has much less effect on the com position giving inversion o f  the inositol 
structure. The addition o f small am ounts o f  m altose to inositol does not cause 
the matrix to becom e amorphous. Rather it lowers the m elting point o f  the 
crystalline inositol as would be expected from the m elting point lowering 
effect o f  impurities. M icroscopic exam ination o f  this system  reveals that

Figure 7. T c of maltose-inositol mixtures having different total solids contents 
in the initial solution.
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200 -

150 - 
o

Inositol in solids (%)
Figure 8. T c of maltose-inositol mixtures having 10% solids in the starting 
solution. Open symbols, fast frozen; solid symbols, slow frozen. Triangles, Tc 
determined by ampoules; squares, T c determined by microscope.

m orphological behaviour can be divided into three parts, based on the percent
age o f  inositol in the total solids. Thus in a sample prepared from a solution o f  
10% total solids, the matrix is totally amorphous when the inosito l is from 0 to  
30% o f  the total solids, partially amorphous from 30  to  80% inositol, and 
totally crystalline above 80% inositol (Fig. 8). The demarcation betw een the 
three regions is not sharp but depends on the freezing rate, and probably on the 
initial solids content as well. From DTA thermograms, the existence o f  crystal
linity was shown for samples with 30% inositol in the solids. The m elting endo- 
therm for the crystalline inosito l is shifted to lower temperatures as the per
centage o f  m altose in the solids is increased. Recrystallization exotherm s at 
8 9 —94°C  were also observed in samples w ith 50 and 70% inosito l in the solids.

Conclusions
Quantitative relationships betw een Tc and the tw o main factors which affect 
it, m oisture content and m olecular weight, have been established. In addition, 
an equation was developed for predicting Tc o f  binary solute m ixtures from  
known values o f  Tc and weight fractions o f any three com binations o f  the 
solutes including pure systems. For a hom ologous series o f  m alto-oligosac-
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charides, this relationship was extended to predict Tc of any multi-component 
mixture based on its composition.

The relationship between Tc and moisture is based on a theory which 
assumes hydrogen bonding as the main structural force. The relationship 
between Tc and molecular weight is identical to the equation for Tg of mixed 
polymers, which is based on the free volume theory of glass transition in poly
meric materials. It is clear that ‘collapse’ and glass transition are phenomeno
logically similar events. However, while glass transitions in polymeric materials 
are generally reversible, ‘collapse’ behaviour of freeze dried matrices are 
irreversible. Furthermore, just as amorphous polymers can have regions of 
crystallinity, amorphous freeze dried matrices can also be partially crystalline. 
When the crystalline component of the mixture is present in sufficient concen
tration to form the supporting matrix after freeze drying, the ‘7V is markedly 
increased. Only on a microscopic scale can the difference between ‘collapse’ of 
the amorphous phase and melting of the crystalline phase be distinguished.
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‘C o lla p se ’, a stru ctu ra l tr a n sitio n  in  fr e e ze  d ried  
ca rb o h y d ra tes
III. P r e r e q u is ite  o f  r e c r y s ta l l iz a t io n

EDDIE C. TO* and JAMES M. FLINKf

S u m m a r y

A quantitative correlation between loss of entrapped volatiles and ‘collapse’ 
was established using methods which permitted the degree of ‘collapse’ to 
be measured. The chronological relationship between ‘collapse’, recrystallization 
and volatile loss was studied in sucrose—acetone systems using DTA. The 
structure of sucrose—acetone systems after freeze drying (i.e. a crystalline or 
amorphous matrix) depended on the composition of the starting solution rather 
than on conditions during freeze drying. Oxidation behaviour of freeze dried 
linoleic acid—maltodextrin—glucose emulsions with different ‘collapse’ tempera
tures was explained based on recrystallization of the matrices. In the absence of 
deliberate rehumidification, recrystallization of some freeze dried carbo
hydrates was found to occur by heating past ‘collapse’ and holding at these 
elevated temperatures. There were indications that loss of volatiles and oxida
tion of entrapped fat is more rapid after the structure turned crystalline than 
when it was merely in the ‘collapsed’ condition.

I n tr o d u c t io n

The stability of many dry food products depends very much on the storage 
conditions. Three parameters most commonly controlled in an effort to pro
long storage life of dry foodstuffs are water activity, temperature, and oxygen 
availability. Of these three parameters, moisture and temperature have been 
shown to markedly influence the structure of dry food substances (Tsourouflis, 
Flink & Karel, 1976; To & Flink, 1978b). In particular, freeze dried carbo
hydrates can be made to undergo a structural transition called ‘collapse’ when 
exposed to high temperatures and/or high levels of moisture. After the onset of 
‘collapse’, the product may become sticky and cake together if it is a powder,
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or if the pieces are large, some of the pieces will fuse at the surfaces, as in 
boiled sweets (White & Cakebread, 1966). In addition to the loss of structure, 
other detrimental consequences can occur in the product after ‘collapse’, such 
as the loss of flavour volatiles. Flavour retention in freeze dried substances has 
been studied in much detail by a number of investigators (see Flink, 1975a, b; 
Thijssen, 1975 for reviews). It is generally believed that entrapment of small 
molecules which have vapour pressures higher than water during freeze drying 
is due to the selective diffusion of water out of the freeze drying matrix 
(Rulkens & Thijssen, 1972). On a macromolecular scale, Flink & Karel (1970,
1972) found that flavour volatiles are trapped in discrete micro-regions in the 
freeze dried matrix. This evidence tends to imply that the entrapment of vola
tiles starts with freezing of the solution, and that the volatiles are already 
locked into the matrix of supporting solutes prior to sublimation of ice (Flink 
& Gejl-Hansen, 1972). In addition to flavour retention, freeze dried substances 
have been found to encapsulate fats and prevent their oxidation (Gejl-Hansen,
1977). The ability to encapsulate either volatiles or fat is dependent on the 
integrity of the freeze dried structure. Flink & Karel (1972) and Chirife, Karel 
& Flink (1973) found that exposure of freeze dried substances containing 
trapped volatiles to various levels of relative humidity will give decreased vola
tile content, which is lower as the relative humidity is increased. Chirife & 
Karel (1974) also showed that exposure to methanol vapours resulted in vola
tile loss, while ethanol vapours had no effect. In the case of encapsulated fat, 
Gejl-Hansen (1977) found that the extent of oxidation in freeze dried maltose— 
linoleic acid emulsions whose surface fat had been removed by Soxhlet extrac
tion with hexane increases with relative humidity up to 75% and then decreases 
slightly at higher relative humidities. He postulated that the loss of encapsula
tion ability is related to the loss of structure.

Chirife & Karel (1974) further showed that at a constant moisture content 
in the freeze dried solid, the loss of volatiles will not occur unless some critical 
temperature is exceeded, which in the case of maltose—propanol systems is 
found to be 100°C, the ‘collapse’ temperature (7'c) of maltose (Tsourouflis et 
ai, 1976; To & Flink, 1978b). These authors have implicated ‘collapse’ (i.e. 
loss of structure) as the determining factor in the release of encapsulated 
materials. In addition, Bellows & King (1973) indicated a relationship between 
visually observed puffing and retention of ethyl acetate during freeze drying. 
However, no objective quantitative correlation has been established between 
the two phenomena. More significantly, the state of the freeze dried materials 
after ‘collapse’ has not been studied in detail since from a practical standpoint, 
any dry product would be considered undesirable once it has ‘collapsed’. Yet, 
some of the desirable properties of the freeze dried structure, such as entrap
ment of flavours, are only partially lost after ‘collapse’. In fact, samples which 
usually ‘collapse’ during freeze drying, such as glucose are found to retain 
substantial volatiles. Hence, it is probably not ‘collapse’ per se which causes the 
loss of entrapment ability but rather some additional changes in the structure 
of the material. When foods containing sugars or other carbohydrates are dried
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from aqueous solutions, dry solids with an amorphous structure can be 
obtained regardless of whether they are dried by drum drying, spray drying or 
freeze drying. The ability of amorphous substances to trap other small mole
cules is a consequence of the existence of ‘free volume’ in these solids. The 
amorphous state is not a defined state like the crystalline state, where each 
molecule has a fixed relationship to other molecules in the structure. Rather, it 
may be defined as the amount of ‘free volume’ existing in the system, which 
varies with temperature (Williams, Landel & Ferry, 1955). The crystalline state 
because of its limited ‘free volume’ is unable to accommodate ‘impurities’ in 
its structure. It is well known that one of the best ways of purifying a sub
stance is by repeated crystallization. The importance of the amorphous state in 
retention of volatiles has been shown by Flink & Karel (1972) who presented 
data on the effect of rehumidification on the level of retained propanol in 
freeze dried lactose. When kept at 61% relative humidity, the lactose initially 
picked up water and the level of propanol dropped slightly after a moisture 
content of around 8% dry weight was reached. However, after attaining a mois
ture level of 12% the lactose started to recrystallize, as evidenced by the 
expulsion of water, and the level of propanol dropped sharply thereafter.

In this paper, the relationship between ‘collapse’ and recrystallization 
behaviour is investigated and the results used to explain the loss of encap
sulated volatiles or oxidation of entrapped lipids which occurs when freeze 
dried materials are humidified or heated above critical levels.

M a ter ia ls  a n d  m e th o d s

The Tc of freeze dried samples were determined on a microscope heating 
system. By photographing a particular freeze dried flake at various tempera
tures and measuring its area (gravimetrically by cut and weight), the degree of 
‘collapse’ can be found. Thermograms of the sucrose—acetone systems were 
measured on a Du Pont 900 DTA. Details of these techniques have been given 
by To & Flink (1978a). All freeze dried carbohydrates containing volatiles 
were prepared by dissolving the specified amount of solute in distilled water, 
adding the appropriate volatile, and freeze drying 1 ml aliquots which have 
been frozen in liquid nitrogen. Freeze drying was conducted for 48 hr in a 
Virtis laboratory freeze dryer (Model 10-100, Gardiner, New York) with 
ambient chamber temperature and a vacuum of less than 50 millitorr. Freeze 
dried emulsions were prepared using mixtures containing glucose and a malto- 
dextrin with DE of 15 (Maltrin M l50) as the carbohydrate solute, linoleic acid 
as the oil phase and a system of Tween 80 and Span 80 as the emulsifiers. The 
amounts of the various components/100 g emulsion (prior to freeze drying) 
were carbohydrate solute, 15g; oil, 1.5 g; Tween 80, 0.09 g in the aqueous 
phase; and Span 80, 0.45 g in the oil phase. Emulsification was achieved by 
maximum speed mixing in a Sovall Omnimixer for 10 min. Freeze dried 
emulsions were sealed in aluminium foil, crushed to a powder and stored in
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evacuated desiccators over P2Os. The free fat on the surface of the crushed 
flakes was removed by extraction with hexane at ambient temperature. Com
pleteness of removal of surface fat was demonstrated by the absence of staining 
after 6 hr exposure to osmic acid vapours. Oxidation of the oil phase was evalu
ated by measuring oxygen uptake with Warburg manometers using Apiezon B 
oil as manometer fluid (Gejl-Hansen, 1977).

R e s u lts  a n d  d is c u ss io n

C o r r e la t io n  b e t w e e n  lo s s  o f  v o la t i le s  a n d  ‘c o l l a p s e ’

Data in the literature suggest a relationship between ‘collapse’ and loss of 
trapped volatiles. However, since ‘collapse’ has not been measured quanti
tatively, this relationship has only been expressed in terms of factors causing 
the ‘collapse’, such as the relative humidity to which the sample is exposed, or 
the temperature. In the first paper of this series To & Flink (1978a) described a 
method to measure the degree of ‘collapse’. They noted that ‘collapse’ occurred 
to various degrees depending on the temperature to which the sample was 
heated. Presumably, a similar relation between ‘collapse’ and the moisture 
content of the sample could be found, especially considering the results of 
studies on humidification and volatile loss (Flink, 1975b). However, such a 
relationship is difficult to determine directly since the minute size of the 
sample flakes prohibits accurate measurement of the moisture content.

The system used to correlate volatile loss and ‘collapse’ was freeze dried 
lactose—hexanol. The initial solution was 20% lactose and 0.5% hexanol on a 
weight basis. Both heat and moisture have been used to cause ‘collapse’. The T c 
of freeze dried lactose was close to 100°C and the moisture content necessary 
to ‘collapse’ lactose at ambient temperature was about 8% (Tsourouflis, 1975). 
Photographs of an individual freeze dried flake were taken at X600 magnifica
tion under an optical microscope. At this magnification, the entrapped volatile 
was clearly visible as droplets and their concentration can be expressed by 
counting the number of droplets present. Rehumidification of the flake was 
achieved by directing a stream of moist air (bubbled through saturated K2C 03) 
at the sample flake. Photos were taken at various intervals up to 375 min. 
‘Collapse’ by heat was conducted on the microscope heater as described by To 
& Flink (1978a) and photos were taken at various temperatures above T c up to 
140°C. Figure 1 shows a linear relationship between loss of volatile and degree 
of ‘collapse’. This observation explains the results of Chirife e t  al. (1973) in 
which the loss of volatiles was shown to attain different final levels at different 
relative humidities. In their study, different levels of ‘collapse’ had occurred at 
the equilibrium moisture levels corresponding to the various humidities used.

The difference in slope between the two curves in Fig. 1 may be due to onset 
of recrystallization in the lactose sample ‘collapsed’ by moisture. While the 
moisture ‘collapsed’ sample has not been observed in polarized light, Flink &
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F ig u re  1. C orre lation  be tw een  degree o f ‘co llapse’ and volatile loss in freeze 
dried  lac to se—hex an o l system s.

Karel (1972) showed that freeze dried lactose will undergo recrystallization 
after about 6 hr of exposure to 61%r.h. and that total loss of volatiles generally 
accompanies recrystallization of freeze dried matrices. In our studies, freeze 
dried lactose has not undergone recrystallization following ‘collapse’ by 
heating. It is also possible that in the case of the heat ‘collapse’ study (Fig. 1) 
loss of hexanol was hindered by the silicone oil heating medium in which the 
lactose was immersed.

I n f lu e n c e  o f  r e c r y s ta l l i z a t io n  o n  v o la t i le  lo s s
The system of freeze dried sucrose—acetone was selected to illustrate the 

effect of structure on volatile retention and loss. This system took on special 
interest when it was discovered that certain concentrations of acetone in the 
initial sucrose solution resulted in a crystalline structure after freeze drying. 
This phenomenon seems quite unusual and to our knowledge it has not been 
reported before that sucrose can be freeze dried to the crystalline state. How
ever, some investigators (Shallenberger & Birch, 1975) have indicated that 
addition of small amounts of acetone can greatly facilitate the crystallization of 
some sugars such as stachyose from solution. Table 1 gives the effect of sucrose 
and acetone concentration on the structure of the matrix after freeze drying. 
Two sets of conditions have been used to freeze dry the samples: the ones in 
the main chamber of the dryer experience less mass transfer resistance than 
the samples in the side arm and are less apt to ‘collapse’ during freeze drying. 
‘Collapse’ during drying can be noticed by the presence of puffed surfaces 
on the samples. Table 1 shows that at 2% sucrose, none of the samples showed

38
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Table 1. E ffect o f solids and ace to n e  co n cen tra tio n  on s tru c tu re  o f freeze dried sucrose

Sucrose
co n cen tra tio n

A cetone co n cen tra tio n s  (w eight basis)

C ham ber sam ples Side arm  sam ples

5% 1% 0.5%  0.25% 5% 1% 0.5% 0.25%

Collapse during freeze drying
30% + -  -  - + + + +
20% + -  -  - + + + +
10% - - + + - -

2% - - + + - -
C ry sta llin ity  a fte r  freeze; drying

30% + + -  - + + + +
20% + + -  - + + - -
10% + ± — — + + + -

2% - — -  — — — — —

any crystallinity or were ‘collapsed’, while at 30% sucrose, all collapsed’ 
samples were also crystalline. The interaction between sucrose and acetone 
concentrations and its effect on the crystallinity of the freeze dried matrix is 
shown in Fig. 2. At high sucrose concentration only small amounts of acetone 
are required to bring about crystallization, while at low sucrose concentrations, 
the curve appears to asymptotically approach an infinite acetone concen
tration.

Each of the sixteen freeze dried sucrose-acetone samples in Table 1 was 
analysed in the DTA, and as expected, crystalline samples showed no features 
other than a melting endotherm associated with the crystalline state. When the 
DTA of the amorphous samples were examined (Fig. 3), four distinct features

Figure 2. E ffect o f initia l sucrose and ace ton e  co n cen tra tio n s  on c rysta llin ity  of 
sucrose a fte r freeze drying.
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Figure 3. DTA therm ogram s o f  sucrose-acetone m ix tu res rem aining am o rp h ou s 
afte r freeze drying.

were observed: a second order transition at 55°C which was slightly lower than 
the Tc of freeze dried sucrose; an exotherm at 70—108°C corresponding to the 
recrystallization of freeze dried sucrose (To & Flink, 1978a; Simatos & Blond,
1975); an endotherm at 116—146°C which can be attributed to the vapor
ization of the now free acetone; and the endotherm at 190°C caused by the 
melting of the now crystalline sample. The appearance of a second order transi
tion slightly below the visual Tc was reported in a previous paper (To & Flink, 
1978a). It is significant to note the order in which these events occur. The 
second order transition at 55°C is followed by recrystallization, then volatile 
loss, and finally melting. The loss of acetone does not take place after ‘collapse’, 
only after recrystallization. However, since DTA is run at a heating rate of 
20°C/min, the results shown in Fig. 3 do not exclude the possibility that 
volatile loss may also occur if the sample is held at a temperature between 
‘collapse’ and recrystallization. On the other hand it is also possible that in the 
study of maltose—propanol by Chirife & Karel (1974), the holding of maltose 
above its Tc may have resulted in recrystallization of the maltose to the extent 
that some of the trapped propanol is lost. Crystallinity in the maltose was not 
checked in that study.

Influence o f  recrystallization on fa t oxidation
The effect of ‘collapse’ on the oxidation of encapsulated oil was studied 

using three emulsions having different Tc values, obtained by varying the ratio 
of glucose to Maltrin M l50 in the matrix-forming solute. Samples with 90, 75
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F ig u re  4 . O xidation  o f unw ashed  freeze dried  em ulsions at 52.5°C .

and 50% glucose have Tc of 46, 55 and 81°C respectively, as determined by the 
microscope method (To & Flink, 1978a). When the oxidation of the unwashed 
freeze dried emulsions were followed, the levels of oxidation were found to be 
related to the Tc of the emulsion regardless of the temperature at which the 
oxidation was followed. Figure 4 shows a set of representative oxidation curves

F ig u re  5. O x idation  o f washed and unw ashed freeze dried em ulsions at 35°C. 
□  , 90% glucose, w ashed; ■ , 90%, unw ashed ; %  75% glucose, w ashed; 75%, un 
w ashed; o, 50% glucose, w ashed; • ,  50% unw ashed .
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F ig u re  6 . O x idation  o f washed and unw ashed freeze dried  em ulsions at 52.5°C  
(see Fig. 5 legend).

at 52.5°C. It can be seen that the highest oxidation level is attained by the 
sample with 50% glucose and hence the highest Tc (81°C). This tends to indi
cate that the amount of encapsulated oil is highest in the sample with the 
lowest Tc, which is in agreement with data of Gejl-Hansen (1977) showing that 
maltose, with a Tc of 100°C has a higher oil encapsulation level than Maltrin 
M150, whose Tc is 220°C.

The oxidation studies were carried out at temperatures of 35, 52.5 and 
65°C, chosen so that zero, one, or two emulsions would be ‘collapsed’ respec
tively. Figure 5 shows the oxidation at 35°C, where none of the Tc are 
exceeded. As expected, only the emulsions containing free surface fat show up
take of gas indicative of oxidation. All three emulsions which have been washed 
free of surface fat show no oxidation. Figure 6 shows the oxidation at 52.5°C 
and in this case, the washed emulsion whose Tc is below the oxidation tempera
ture, shows oxidation after about 20 hr. The other two washed emulsions 
whose Tc are above 52.5°C show no signs of oxygen uptake. The oxidized 
washed emulsion can be seen to behave unpredictably at first by its release 
of gas instead of uptake. (This will be discussed later after further data are 
presented.) In Fig. 7, the oxidation was conducted at 65°C and the drop in the 
curve can be observed in three cases, i.e. washed samples with 90 and 75% 
glucose, and the unwashed sample with 90% glucose. At 65°C, the two samples 
with the lower Tc are expected to ‘collapse’ and as a result release their en
trapped fat and show oxidation. Only one of the two samples showed oxidation, 
and only after what appeared to be a release of some gas. When the samples 
were examined after the oxidation run under polarized light in the optical 
microscope, the four samples whose Tc have been exceeded were found to
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F ig u re  7 . O x idation  o f w ashed and unw ashed freeze dried  em ulsions at 65°C  
(see Fig. 5 legend).

be crystalline (Table 2) while the two whose Tc was above 65°C remained 
amorphous. On this basis it seems likely that the dip in the oxidation curve was 
caused by the release of water as the samples recrystallized following ‘collapse’. 
The moisture being expelled could be the normal residual water which has 
been trapped in the sample during freeze drying or it could have been picked 
up from the air during transfer of the sample to the Warburg apparatus. The 
significant point, however, is that release of trapped oil, like release of acetone 
from freeze dried sucrose, did not occur after ‘collapse’ but rather after re
crystallization when the structure can no longer accommodate other molecules. 
It should also be pointed out that the Warburg manometer curves really do not 
measure oxygen absorption specifically but rather the net change in the gas

T a b le  2 . Presence (+) and absence ( —) o f c rysta llin ity  in 
em ulsions and after o x id a tio n  runs at th ree  tem p era tu res

O x idation  tem pera tu re  (°C )
Percentage ----------------------------------------------
glucose 65 52.5 35

90 + + +
90W* + + —
75 ± _ _
75W* + _ _
50 — _ _
50W* _ _ _

Washed with hexane after freeze drying.
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v o lu m e  in  th e  m a n o m e te r .  T h u s  i f  o x id a t io n  o c c u r s  a t  th e  s a m e  t im e  as th e  
r e le a se  o f  w a te r  d u e  t o  r e c r y s ta l l iz a t io n  a f la t  cu rv e  m a y  r e su lt . In  th e  ca se  o f  
th e  75%  g lu c o s e  e m u ls io n  a t 6 5 °C  th e  ra te s  o f  o x id a t io n  a n d  r e c r y s ta l l iz a t io n  
c o u ld  b e  o f f s e t t in g  so  th a t  n o  n e t  c h a n g e  in  th e  ga s p h a se  w a s  n o te d .

C o n c lu s io n s

L in ea r  r e la t io n s h ip s  b e t w e e n  an  o b je c t iv e ly  m e a su r e d , q u a n t ita t iv e  e x t e n t  o f  
‘c o l la p s e ’ a n d  v o la t i le  lo s s  h a s  b e e n  e s ta b lis h e d  in  a fr e e z e  d r ied  l a c t o s e —h e x a n o l  
s y s t e m  e x p o s e d  to  m o is tu r e  o r  h ig h  te m p e r a tu r e s . A t  a g iv e n  e x t e n t  o f  
‘c o l la p s e ’, m o r e  v o la t i le s  w ere  lo s t  w h e n  ‘c o l la p s e ’ w a s  a c h ie v e d  b y  m o is tu r e  
s o r p t io n  th a n  b y  h e a t in g  in  th e  d ry  s ta te . A  p o s s ib le  c a u se  c o u ld  b e  th e  re 
c r y s ta l l iz a t io n  o f  la c t o s e  a fte r  b e in g  ‘c o l la p s e d ’ b y  m o is tu r e . L o ss  o f  a c e t o n e  
fr o m  a f r e e z e  d r ie d  s u c r o s e —a c e t o n e  s y s t e m  w a s  d e t e c t e d  b y  D T A  a fte r  
‘c o l la p s e ’ a n d  r e c r y s ta l l iz a t io n  o f  su c r o s e . R e le a s e  o f  e n tr a p p e d  l in o le ic  a c id  
a n d  its  s u b s e q u e n t  o x id a t io n  w a s  d e te r m in e d  b y  m a n o m e tr ic  t e c h n iq u e s  t o  
o c c u r  a f te r  in i t ia t io n  o f  m a tr ix  r e c r y s ta l l iz a t io n  f o l lo w in g  ‘c o l la p s e ’ o f  f r e e z e  
d r ied  e m u ls io n s .  In  fr e e z e  d r ie d  c a r b o h y d r a te s , th e  tr a n s fo r m a t io n  o f  th e  
a m o r p h o u s  s tr u c tu r e  to  a c r y s ta l l in e  o n e  w a s  p r e c e e d e d  b y  ‘c o l la p s e ’. R e c r y s ta l
l iz a t io n  o f  m a tr ix  s o lu t e s  w a s  fo u n d  t o  b e  a m a jo r  c a u se  o f  lo s s  o f  e n tr a p m e n t  
a b il ity  in  th e  d ry  s ta te .
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B o o k  rev iew s

F o o d  Q u a li ty  a n d  N u t r it io n  (R e s e a r c h  P r io r it ie s  fo r  T h erm a l P r o c e s s in g ) . E d .
b y  W. K . D o w n e y .
L o n d o n :  A p p lie d  S c ie n c e  P u b lish e r s  L td .,  1 9 7 8 . P p . x x  +  7 1 2 .  £ 2 5 .0 0 .

T h is  b o o k  w h ic h  is p r in te d  d ir e c t ly  fr o m  th e  ty p e s c r ip t  h a s  b e e n  p r o d u c e d  
r e m a r k a b ly  q u ic k ly .  I t d e ta ils  th e  p a p e r s  g iv en  a t th e  c o n f e r e n c e  h e ld  in  D u b lin  
in  N o v e m b e r  1 9 7 7 ,  o r g a n iz e d  b y  C O S T  (E u r o p e a n  C o -o p e r a t io n  S c ie n t i f ic  
T e c h n ic a l  R e s e a r c h )  as an  in d u s tr ia l f o o d  t e c h n o lo g y  se m in a r . C O S T  is  th e  
in te r g o v e r n m e n ta l  f r a m e w o r k  p r o p o s e d  b y  th e  E u r o p e a n  C o m m u n ity  a n d  
a d o p te d  b y  n in e te e n  E u r o p e a n  s ta te s  in  1 9 7 1  to  p r o m o te  c o - o p e r a t io n  in  
th e  f ie ld  o f  s c ie n c e  a n d  t e c h n o lo g y .  A  n u m b e r  o f  o th e r  p r o je c ts  h a v e  b e e n  
d e v e lo p e d  an d  th e  in d u s tr ia l f o o d  t e c h n o lo g y  p r o je c t  w a s  s u g g e s te d  in  1 9 7 4  
w ith  th e  f o o d  c o m m it t e e  o f  th e  o r g a n is a t io n  p r o p o s in g  fo o d  q u a li ty  a n d  
n u tr it io n  — th e r m a l p r o c e s s in g  as th e  fir s t s em in a r . T h e  o b je c t iv e s  w e r e  to  
fa m ilia r iz e  r e se a r c h  d ir e c to r s  a n d  t h o s e  in v o lv e d  w ith  re se a r c h  a n d  d e v e lo p m e n t  
w ith  p r o je c ts  in  t h e  area  an d  t o  d e f in e  s p e c if i c  a s p e c ts  w h ic h  w o u ld  re q u ir e  
fu r th e r  re se a r c h  a n d  d e v e lo p m e n t .

T h e  in it ia l  f iv e  p le n a r y  p a p ers  a t th e  s y m p o s iu m  s e t  o u t  th e  c u r r e n t  fo c u s  
o f  re se a r c h  a n d  d e v e lo p m e n t  fo r  th e  d if f e r e n t  fo o d  c o m m o d it ie s .  M. J u l d e a ls  
w ith  m e a t  p r o c e s s in g  an d  d is t r ib u t io n , W. K . D o w n e y  and  P. F . F o x  d e a l w ith  
m ilk  p r o c e s s in g , J . J . C o n n e ll  d e a ls  w ith  fish  and  fish  p r o d u c ts ,  C . M erc ier  and  
J. D e lo r t -L a v a l d e a l w ith  c e r e a ls  an d  f in a lly  C . C a n ta r e lli d e a ls  w ith  t h e  th e r m a l  
p r o c e s s in g  o f  fr u it  a n d  v e g e ta b le s . T h e s e  f iv e  a d d r e sse s , ta k in g  u p  s o m e  1 4 0  p a g e s  
o f  th e  b o o k ,  are in te r e s t in g  t o  read  a n d  are w e ll  r e fe r e n c e d . A ls o  in c lu d e d  are 
th e  o p e n in g  a d d ress  b y  th e  M in is te r  fo r  I n d u s tr y , C o m m e r c e  a n d  E n e r g y  fo r  
Ire la n d  an d  th e  k e y n o t e  a d d ress  b y  E . v o n  S y d o w  d e a lin g  w ith  th e  a r r a n g e m e n ts  
fo r  C O S T . T h is  p a p e r  b y  D r. E. v o n  S y d o w  is a u s e fu l  r e fe r e n c e  fo r  th e  h is to r ic a l  
d e v e lo p m e n t  o f  th e  p r o je c t .

F o l lo w in g  th e  f iv e  p le n a r y  le c tu r e s  th e  in v ite d  le c tu r e s  g iv e n  a t th e  f iv e  
s e s s io n s  are th e n  p r in te d  in  fu ll . T h e  fir st s e s s io n  d e a lt  w ith  p a s te u r iz a t io n  a n d  
b la n c h in g  p r o c e d u r e s . T . O h ls s o n  d e a lt  w ith  m e a t ,  f ish  a n d  c o n v e n ie n c e  fo o d  
p r o d u c ts ,  an in te r e s t in g  p a p e r  w ith  a u s e fu l  l is t  o f  r e fe r e n c e s . T h is  w a s fo l lo w e d  
b y  a p a p e r  b y  J . F o le y  a n d  J. B u c k le y  d e a lin g  w ith  m ilk  a n d  th e  b la n c h in g  o f  
fr u it  a n d  v e g e ta b le s . I t  is a p ity  h e r e  t o  se e  s u c h  te r m s  as f ih e r m iz a t io n ’ 
g a in in g  in te r n a t io n a l  u se . T h e  n e x t  s e s s io n  d e a lt  w ith  s t e r i l iz a t io n  a n d  h e re
F . W irth  d e a lt  w ith  th e  m o d e m  h e a t  p r e se r v a tio n  o f  c a n n e d  m e a t  p r o d u c ts .  
H e w a s  fo l lo w e d  b y  H . B u r to n  d e a lin g  w ith  q u a li ty  a s p e c ts  o f  th e r m a l s te r i l 
iz a t io n  p r o c e sso r s . T h is  w a s  an  in te r e s t in g  p a p e r  to  read  an d  s e ts  fo r th  v e r y  
c le a r ly  th e  a im s and  n e e d s  o f  th e  m ilk  an d  o th e r  in d u s tr ie s . H . A . L e n ig e r  and
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S. B ru in  d e a lt  w ith  th e  p r e s e n t  s ta te  o f  th e  art o f  fo o d  d e h y d r a t io n  in  th e  
th ir d  s e s s io n  a n d  t h e y  w e r e  fo l lo w e d  b y  F . E sc h e r  an d  B . B la n c  d e a lin g  w ith  
th e  q u a li ty  a n d  n u tr i t io n a l  a s p e c t s  o f  f o o d  d e h y d r a t io n . W . V y n c k e  d e a lt  w ith  
a s p e c t s  o f  c h ill in g , fr e e z in g  an d  th a w in g  o n  f ish  q u a li ty  a n d  J. M u n o z -D e lg a d o  
s p o k e  o n  t h e  e f f e c t s  o f  fr e e z in g , s to r a g e  an d  d is tr ib u t io n  o n  q u a li ty  and  
n u tr it iv e  a t tr ib u te s  o f  f o o d s  in  p a r t ic u la r  fr u it  a n d  v e g e ta b le s  in  th e  fo u r th  
s e s s io n . In th e  f in a l s e s s io n  o f  in v ite d  p a p ers . R . Z a ch a r ia s  d e a lt  w ith  th e  
e f f e c t s  o f  d o m e s t ic  an d  large s c a le  c o o k in g  o n  q u a li ty  a n d  n u tr it iv e  v a lu e  o f  
v e g e ta b le s  a n d  fr u its  an d  f o l lo w in g  h e r , A . E . B e n d e r  d e a lt  w ith  th e  e f f e c t  o f  
h e a t  o n  p r o te in  r ich  f o o d s .

A t  th is  s ta g e  in  th e  b o o k  w e  h a v e  th e  in v ite d  a d d ress  g iv e n  a t th e  d in n e r  b y  
J. B e r n s te in  d e a lin g  w ith  th e  n u tr it io n a l  n e e d s  a n d  re sea rch  p r io r it ie s  as v ie w e d  
fr o m  th e  U .S . N a t io n a l  A c a d e m y  o f  S c ie n c e s .  A n  in te r e s t in g  an d  p r o v o c a t iv e  
p a p e r  a n d  w e ll  w o r t h y  o f  s t u d y  b y  t h o s e  o f  u s b a se d  o n  th is  s id e  o f  th e  A t la n t ic .  
W h a t h a s  h a p p e n e d  in  th e  la st f e w  y e a r s  in  th e  U n ite d  S ta te s  c o u ld  w e ll  c o m e  
to  u s b e fo r e  lo n g . M a ln u tr it io n , in te r v e n t io n  a n d  re sea rch  p r io r it ie s  are a ll 
s o m e th in g  th a t  w ill  h a v e  t o  b e  c o n s id e r e d  b y  th e  re sea rch  a n d  d e v e lo p m e n t  
d ir e c to r s  o f  th e  fo o d  in d u s tr y  in  E u r o p e  as w e ll  as a c a d e m ic  a n d  g o v e r n m e n ta l  
r e p r e s e n ta t iv e s .

T h e  f in a l 2 5 0  p a g e s  o f  th e  b o o k  are o c c u p ie d  b y  th e  b r ie f  p a p ers  p r e s e n te d  
b y  in v ite d  e x p e r t s  o n  p r o b le m s  o f  s p e c if ic  q u a li ty ,  n u tr it io n a l ,  s a f e t y  a n d  
o th e r  a s p e c t s  o f  th e r m a l p r o c e s se s  w h ic h  in  th e ir  e y e s  n e e d  fu r th e r  re sea rch  
a n d  d e v e lo p m e n t .  T h e s e  p a p e r s , th e  m a jo r ity  o f  w h ic h  are o n ly  th r e e  o r  fo u r  
p a g e s  in  le n g th , s o m e  w ith  and  s o m e  w it h o u t  r e fe r e n c e s , are v ery  in te r e s t in g  
t o  read  and  c le a r ly  s e t  b e fo r e  th e  rea d er  w h a t  h a s  t o  b e  d o n e  in  th e  fu tu r e .  
A m o n g  th e  in v ite d  s p e a k e r s  w e  h a v e  p a p ers  fro m  D . H. B u ss , G . B r u b a c h er , 
A . D a h lq u is t  a n d  c o -a u th o r s  fo l lo w e d  b y  G . T o m a s s i ,  J. W . G . P o r te r , F . 
F id a n z a  an d  W. S e ib e l  a ll d e a lin g  w ith  n u tr it io n a l  p r o b le m s  as a p p lie d  t o  th e  
d if f e r e n t  c o m m o d it y  g r o u p s  u n d e r  d is c u s s io n . T h e s e  are fo l lo w e d  b y  a  ser ie s  
o f  p a p ers  d e a lin g  w ith  d a ir y  p r o d u c ts  in c lu d in g  B . B la n c , J . F . A . R o o k ,  M. 
N a u d ts , R . N e g r i, G . C. C h e e se m a n , M. C a ric , H . G . K e ss le r  a n d  M . H e ik o n e n  
an d  P. L in k o . In th e  n e x t  s e c t io n  d e a l in g  w ith  m e a t  p r o d u c ts  th e r e  are p a p ers  
fr o m  O . K v a a le  an d  H . M a rten s , K . O s t lu n d , C . B a ile y , L . L e is tn e r  a n d  A . W. 
H o lm e s . C erea ls  are d is c u ss e d  b y  D . A . S o u th g a te ,  G . F a b r ia n , J. O lk k u  a n d
P. L in k o , W . S e ib e l ,  D . S c h le t tw e in - G s e l l  an d  f in a lly  P. F . F o t tr e l l  a n d  c o 
a u th o r s . T h e  n e x t  g r o u p  d e a lt  w ith  fru it a n d  v e g e ta b le s  a n d  w e  h a v e  p a p ers  
b y  M . W o o d s , V . W en n er , S . D . H o ld s w o r th , J. S o lm s  and  F . E sc h e r , J . R y le y  
a n d  G . G le w  an d  f in a lly  K . G ie r sc h n e r . In th e  f in a l g r o u p , fish  p r o d u c ts  w e r e  
d is c u ss e d  b y  G . L o n d a h l, F . B r a m sn a e s , P. S tr o m , M. d e  la  H ig u e ra , J . C . 
O ’C o n n o r  a n d  W . V y n c k e .

T h e  la st th ir ty - fo u r  p a g es  o f  th e  b o o k  are ta k e n  u p  b y  th e  c o n c lu d in g  
r e p o r ts  fr o m  th e  f iv e  d i f f e r e n t  c o m m o d it y  p a n e ls  a n d  th e  n u tr it io n  c o -o r d i
n a t io n  g r o u p . C le a r ly  th e s e  r e p o r ts  are o f  im m e n s e  v a lu e  t o  a n y o n e  w h o  h a s  
t o  p la n  re sea rch  fo r  th e  n e x t  5 — 10  y e a r s  in  h is  o r  h e r  p a r t icu la r  area . T h e se  
p a p e r s  s h o u ld  b e  a u to m a t ic  rea d in g  fo r  a n y o n e  r e s p o n s ib le  fo r  re sea rch  a n d
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d e v e lo p m e n t .  T h e  b o o k  e n d s  w ith  an a lp h a b e t ic a l  lis t  o f  th e  p a r t ic ip a n ts  
fo r  th e  s y m p o s iu m  to g e t h e r  w it h  th e ir  fu ll  a d d r e sse s .

A n  in te r e s t in g  b o o k  w h ic h  s h o u ld  b e  b r o w s e d  th r o u g h  a n d  v a r io u s  p a g e s  
rea d  as in te r e s t  is  a r o u se d . C le a r ly , th is  v o lu m e  m a y  o n ly  b e  o f  in te r e s t  a n d  
h e lp  fo r  t h e  n e x t  5 —1 0  y e a r s  a n d  a fte r  th a t ,  i t  is  h o p e d  th a t  a ll t h e  p r o b le m s  
o u t l in e d ,  w i l l  b e  s o lv e d . T h e  p u b lis h e r s  an d  th e  e d ito r  are t o  b e  c o n g r a tu la te d  
o n  p r o d u c in g  t h e  v o lu m e  s o  q u ic k ly ,  w ith in  9  m o n th s  o f  t h e  se m in a r  a n d  
a lt h o u g h  ty p e s c r ip t  is  n o t  q u ite  s o  e a s y  t o  rea d  as th e  n o r m a l le t te r p r e s s , a 
la y o u t  fr o m  d o u b le  s p a c in g  t y p in g  o f f e r s  n o  d i f f i c u lt y  t o  t h e  rea d er .

I . D . M o r t o n

H o w  R e a d y  are  R e a d y -to -s e r v e  F o o d s ?  E d . b y  K . P a u lu s .
B a s le :  S . K a rg er  A G , 1 9 7 8 .  P p . v iii  +  3 3 6 .  U S $ 7 4 .0 0 .

T h is  b o o k  r e c o r d s  t h e  p r o c e e d in g s  o f  a c o n f e r e n c e  w h ic h  t o o k  p la c e  in  K a rls
r u h e  in  A u g u s t ,  1 9 7 7 .  T h e  m e e t in g  w a s  o r g a n iz e d  b y  I U F O S T  a n d  th e  
C o m m is s io n  I n te r n a t io n a l  d e s  In d u s tr ie s  A g r ic o le s  e t  A lim e n ta ir e s . T h e  c o m p le t e  
a b s e n c e  o f  a n y  p a p e r  fr o m  th e  U .K . in d ic a te s  h o w  b a d ly  th e  c o n f e r e n c e  w a s  
a d v e r t is e d  in  th is  c o u n tr y . I n d e e d  fr o m  n e a r ly  2 0 0  d e le g a te s  th e r e  w e r e  o n ly  
f iv e  p e o p le  fr o m  B r ita in .

T h e  b o o k  is d iv id e d  in t o  s ix  m a in  s e c t io n s .  T h e  f ir s t  s e c t io n  p r e s e n ts  d e f i 
n i t io n s  o f  r e a d y -to -se r v e  fo o d s  w h ic h  are e x t r e m e ly  u s e fu l  a n d  c o u ld  r e p la c e  
th e  o ld e r  w id e r  te r m  ‘c o n v e n ie n c e  f o o d s ’. T h e  a u th o r  o f  th e  f ir s t  p a p e r  su g g e s ts  
th a t  w e  n e e d  t o  d if f e r e n t ia te  b e tw e e n  d i f f e r e n t  d e g r e e s  o f  ‘r e a d in e s s ’. T h r e e  
o th e r  p a p ers  t h e n  s u m m a r iz e  th e  m a r k e t  s it u a t io n  in  E u r o p e  a n d  N o r th  A m e r ic a .  
T h e  n e x t  s e c t io n ,  w h ic h  is th e  la r g e s t , d e a ls  w ith  p r e p a r a tio n  a n d  p r o d u c t io n  
t e c h n o lo g y .  T h e r e  are tw e lv e  p a p ers  o f  u n e v e n  q u a li ty ;  s o m e  r e ite r a te  o ld  
m a te r ia l,  o th e r s  p r e s e n t  r e fr e sh in g  n e w  m a te r ia l. In  th e  la t te r  c a te g o r y  th e r e  
are p a p ers  o n  m ic r o w a v e  s t e r i l iz a t io n , r ig id  tr a y -p a c k  f o o d s  o f  A 1 0  c a n  s iz e  
s u ita b le  f o r  c a te r in g  o u t le t s  a n d  m e a t  p a t t y  fr y in g . A n o th e r  p a p e r  d e a ls  w ith  
n u tr it io n a l  c o m p a r is o n s  o f  r e a d y - to -e a t  w ith  tr a d it io n a l  f o o d s .  T h e r e  is  a u s e fu l  
r e v ie w  s e c t io n  o n  p a c k a g in g  an d  s to r a g e  o f  th e s e  p r o d u c ts  f o l lo w e d  b y  a 
s e c t io n  c o n ta in in g  th r e e  p a p ers  o n  r e g e n e r a t io n  an d  r e h e a t in g . M ic r o b io lo g y  
a n d  h y g ie n e  are w e l l  c o v e r e d  in  th e  n e x t  s e c t io n  w h ic h  is  f o l lo w e d  b y  t w o  
p a p ers  o n  e c o n o m ic  c o n s id e r a t io n s . O n e  p a p e r  d e a ls  w ith  e n e r g y  u s e  in  c o ld  
s to r e s ,  w e ig h t  lo s s e s  a n d  c h a n g e s  in  s e n s o r y  q u a li ty . In th e  f in a l p a p e r  o f  th is  
s e c t io n  s o m e  o f  th e  e c o n o m ic  c o n s id e r a t io n s  r e la te d  t o  th e  u se  o f  p o u c h  
s te r i l iz e d  f o o d s  in  in s t i tu t io n a l  fe e d in g  are e x p lo r e d .

It is a d if f ic u lt  ta sk  t o  in v ite  p e o p le  t o  p r e s e n t  p a p ers  a t a m e e t in g  o f  th is  
k in d  an d  e x p e c t  th e m  t o  n e c e s s a r ily  fa ll in t o  a p a tte r n . D r  P a u lu s  h a s  o r g a n iz e d  
th e  m a te r ia l as u s e f u l ly  as p o s s ib le  an d  in  h is  f in a l rem a rk s s u m m a r iz e s  th e  
p r o b le m s  to  b e  fa c e d  b y  b o t h  f o o d  m a n u fa c tu r e r s  a n d  ca tere rs . T h e  b o o k  is  
e x p e n s iv e  b u t  d o e s  c o n t a in  s o m e  v e r y  u s e fu l  m a te r ia l.

G . G l e w
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B ib lio g r a p h y  o f  S e le c t e d  R e fe r e n c e s  o n  B e e f . B y  Z . A . H o lm e s .
C h ic a g o :  T h e  A m e r ic a n  D ie t e t ic  A s s o c ia t io n ,  1 9 7 8 .  P p . 1 4 8 . U S $ 9 .5 0 .
I n c lu d e s  2 7 6  a n n o ta te d  an d  1 0 6 3  u n a n n o ta t e d  r e fe r e n c e s  t o  re se a r c h  p a p ers  
( 1 9 3 0 - 1 9 7 7 ) .

F o o d ,  H e a lth  a n d  F a rm in g . E d . b y  C . J . R o b b in s .
R e a d in g :  C e n tr e  fo r  A g r ic u ltu r a l S tr a te g y , 1 9 7 8 .  P p . 1 1 9 . £ 2 .2 0 .

T h is  v o lu m e  c o n t a in s  r e p o r ts  o f  th r e e  p a n e ls  o f  th e  C e n tr e  fo r  A g r ic u ltu r a l  
S tr a te g y  d e a lin g  w ith  fa t s , c e r e a ls , fr u it s  a n d  v e g e ta b le s  a n d  s w e e te n e r s .

T h e  P r e v e n tio n  o f  F o o d  P o is o n in g . B y  J. T r ic k e t t .
C h e lte n h a m : S ta n le y  T h o r n e s  L td , 1 9 7 8 .  P p . x  +  1 1 4 . £ 3 .9 5 .

A n  in tr o d u c t io n  fo r  s tu d e n t s  o f  c a te r in g  a n d  p u b lic  h e a lth  c o u r se s .

M eal M a n a g e m e n t. C o n c e p ts  a n d  A p p l ic a t io n s .  B y  G . G . F o n o s c h  a n d  E . F . 
K v itk a .
S an  F r a n c is c o :  H a rp er  & R o w , 1 9 7 8 .  P p . x  +  3 9 5  U S $ 1 1 .9 5 .

A  fir s t  u n iv e r s ity  t e x t b o o k  fo r  h o m e  e c o n o m ic s  s tu d e n ts .



O V E R S E A S
D E V E L O P M E N T
KNOW-HOW: vital to developing countries

F O O D  P R O C E S S I N G  
T E C H N I C I A N

BOLIVIA (S an ta  Cruz)
Required to assist in identification and assessment of 

possible industrial projects involving food processing. An 
appropriate degree or professional qualification is called for 
together with a minimum of 5 years experience in food 
processing or technology. Applicants will require a good 
working knowledge of Spanish; an intensive course can 
be arranged.

Appointment 3 years. Salary according to experience and 
qualifications plus tax free allowance in range £1440—£2825  
depending upon marital status. Superannuation may be 
safeguarded. (Ref 319X).

T h e  p o s t  is w h o l ly  f in a n c e d  b y  t h e  B r it ish  G o v e r n m e n t  
u n d e r  B r ita in 's  p r o g r a m m e  o f  a id  t o  t h e  d e v e lo p in g  c o u n tr ie s .  
In  a d d it io n  t o  b a s ic  sa la ry  an d  o v e r s e a s  a l lo w a n c e s  o th e r  
b e n e f i t s  n o r m a lly  in c lu d e  p a id  le a v e , fr e e  fa m ily  p a ssa g e s ,  
c h ild r e n 's  e d u c a t io n  a l lo w a n c e s  a n d  h o l id a y  v is it s ,  f r e e  
a c c o m m o d a t io n  a n d  m e d ic a l  a t t e n t io n .  A p p lic a n t s  s h o u ld  b e  
c i t i z e n s  o f  t h e  U n ite d  K in g d o m .

F o r  fu ll  d e ta ils  a n d  a p p lic a t io n  fo r m  p le a s e  a p p ly ,  q u o t in g  
r e fe r e n c e  s ta t in g  p o s t  c o n c e r n e d ,  a n d  g iv in g  d e ta i l s  o f  a g e ,  
q u a li f ic a t io n s  a n d  e x p e r ie n c e  t o :

Appointm ents Officer.
MINISTRY OF OVERSEAS DEVELOPMENT.
Room 301. Eland House.
S tag  Place. London SW1E 5DH.

HELPING NATIONS HELP THEMSELVES
(0



Problem?

Solution... Thank goodness we went to a well seasoned team!

J A M E S  DAL.TOIM(SEASONING & SRCES) LIMITED
Pennine Range Mills, Starbeck, Harrogate HG1 4PT England Telephone: Harrogate (0423) 85255/8 Telegraphic Address 'Spaspice' Harrogate, Telex: 57903

(ii)



OCCUPATIONAL ASTHM A 
STU D Y  BY INDUSTRIAL IN JU R IES 

A D V ISO R Y  COUNCIL
The Industrial Injuries Advisory Council has been asked by the Secretary of State for Social Services to consider whether occupationally induced asthma, caused by exposure to substances encountered at work, should be prescribed as an industrial disease.
A disease may be prescribed if it can properly be regarded as a risk of occupation and not a risk common to everyone, and if the occupational link can be established in particular cases or presumed with reasonable certainty. In the course of its study, the Council will be concerned to identify occupations, and substances used in those occupations, which may give rise to occupational asthma; and to consider the medical aspects, including the problem of distinguishing

occupationally caused asthma from non- occupationally caused asthma.A number of substances which are commonly encountered at work are believed to be associated with asthma including isocyanates, penicilljn, grain dust, flour, wood dusts and biological washing powders. Some of these substances are also widely met outside the working environment.The Council wishes to receive evidence from any interested persons or organisations and will supply a short explanatory memorandum on request. Evidence and communications should be sent to the Secretary, Industrial Injuries Advisory Council, Room 511 (A17), Keysign House, 429 Oxford Street, London W1R 2HT as soon as possible and not later than 31 January 1979.

I N S T I T U T E  O F  F O O D  S C I E N C E  A N D  T E C H N O L O G Y
OF THE UNITED KINGDOM

T h e  i n c o r p o r a t e d  p r o f e s s io n a l  q u a l i f y in g  b o d y  f o r  f o o d  s c ie n t i s t s  a n d  t e c h n o lo g is t s  

RING ANY BELLS?
Some professional scientists and technologists in the food field work in circumstances giving a feeling 
of isolation -  for example -  

in a small organisation:or in a locality where there is little or no other food science/technology activity: 
or just not knowing fellow professionals in the area.

The Institute, with its combination of national organisation and regional Branches, effectively banishes 
that isolated feeling.
Each Branch provides a local forum (sometimes at different geographical centres within the Branch area) for members to be in touch with fellow professionals, to exchange ideas and experiences, to 
participate in local events of scientific/technical, educational and social character, and to make friends. 
There are, of course, many other good reasons why professional scientists and technologists in the 
food field should be members of their professional institute.
For more information, and to find whether you may be eligible for one of the grades of membership, 
send the form, or a request on your letterhead, to the Institute Office._____________________________
The Assistant Secretary, IFST, 105 — 111 Euston Street, London NW1 2ED.Please send me information about I FST, the leaflet “Requirements and Criteria for Institute Membership" and an application form.

BLOCKCAPITALSPLEASE
Date........................................................
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JOURNAL OF FOOD TECHNOLOGY: NOTICE TO CONTRIBUTORS
The Journal of Food Technology publishes original 
contributions to knowledge of food science and tech
nology and also review articles in the same field. 
Papers are accepted on the understanding that they 
have not been and will not be, published elsewhere in 
whole, or in part, without the Editor’s permission. Papers accepted become the copyright of the Journal. 
This journal is covered by Current Contents.

Typescripts (two complete copies) should be sent to the Editor, Dr H. Liebmann, c/o Research and De
velopment Department, Metal Box Ltd, Twyford Abbey Road, London NW10 7X Q. Papers should be 
typewritten on one side of the paper only, with a 1 £ inch 
margin, and the lines should be double-spaced. In addition 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 a l e.g. Smith et at. (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 L ist o f  Scientijic Publications, 4th edn and supplements; (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 Jkilogram kg = 10» g Newton Nmilligram mg = 10“3 g Watt Wmetre 111 Centigrade °Cmillimetre mm =  10-3 m hour hrmicrometre [xm =  10-6 m minute min
nanometre
litre

nm =  10~9 m 
1 =  10-3 m 3 second see

NON SI UNITS
inch in =  25-4 mmfoot ft =  0*3048 m
square inch in2 =  645*16 nun2square foot ft2 =  0*092903 m 2cubic inch in3 ■ = 1*63871 x 104 mm3cubic foot ft3 =  0*028317 m 3gallon gal =  4*5461 1pound lb =  0*453592 kgpound/cubicinch lb in-3 =  2*76799 x 104 k g m -:dyne =  10-5Ncalorie (15°C) cal =  4*1855 JBritish Thermal

Unit BTU =  1055*06 JHorsepower HP =  745*700 WFahrenheit °F =  9/5 r ° C  + 32
Figures. In the text these should be given Arabic 
numbers, e.g. Fig. 3. They should be marked on the 
backs with the name(s) of the author(s) and the title of the paper. Where there is any possible doubt as to 
the orientation of a figure the top should be marked with an arrow. Each figure must bear a reference 
number corresponding to a similar number in the 
text. Photographs and photomicrographs should be unmounted glossy prints and should not be retouched. 
Line diagrams should be on separate sheets; they 
should be drawn with black Indian ink on white paper and should be about four times the area of the 
final reproduction. Lines and lettering should be of sufficient thickness and size to stand reduction to one- 
half or one-third. Whenever possible, the originals of line diagrams, prepared as described above, should be 
submitted and not photographs. The legends of all the figures should be typed together on a single sheet of paper headed ‘Legends to figures’.

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

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