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Editorial
In  th e  last issue o f  th e  Jo u rn a l I ind ica ted  th a t a n u m b er o f changes in the policy and 
o b je c tiv e s  w ere  in h a n d , and  I o u tlined  the  m ain changes. In this issue the ‘O b jec ts o f 
th e  J o u r n a l’ h av e  been  rep laced  by a revised  s ta tem en t en titled  ‘S C O P E ’ which 
p ro v id e s  a b r ie f  b u t co n tin u o u s rem in d e r o f th e  b ro a d e r ob jectives of th e  Jo u rn a l, fo r it 
w ill a p p e a r  in each  issue.

I also  in d ic a te d  th a t a rev ised  ‘N otice  to  C o n tr ib u to rs ’ w ould be  pub lished  in this 
issue . It is p rin te d  on  the  inside o f  the  back cover and  will con tinue  to  ap p ea r as 
‘In s tru c tio n s  to  A u th o rs ’. T h e  change o f head ing  ind icates a change o f em phasis which 
sh o u ld  be  n o te d  by p o ten tia l co n trib u to rs , w ho should  pay a tten tio n  to  the  b road  
in s tru c tio n s  as w ell as to  th e  re la tively  m in o r details.

T h e re  a re  tw o m ain  reasons fo r the  changes. T h e  first is spelt o u t in the new 
in s tru c tio n s— it is to  im prove the  efficiency o f  com m unica tion , w hich is the  prim ary  
p u rp o se  o f p u b lica tio n  o f resea rch . T h e re  a re  m any secondary , and  p erh ap s  m ore 
im p o r ta n t ,  p u rp o se s , such as im proving  o n e ’s re p u ta tio n  in o rd e r  to  increase available 
re so u rc e s  o r  to  gain  p ro m o tio n , o r  even  the  o ld -fash ioned  satisfaction  o f sharing  new 
d a ta  an d  u n d e rs ta n d in g  w ith  o n e ’s p ee rs , bu t all d ep en d  in the  first place upon  efficient 
c o m m u n ic a tio n . A ll skills incur tim e and  effo rt to  develop , and th a t o f efficient 
re p o r t in g  o f  re se a rc h  is no  excep tion . C lea r, concise exposition  o f a p rob lem , id en ti
fy ing  th e  critica l q u estio n s and  how  to  answ er th em , ob ta in ing  the d a ta , testing  hypo
th e se s  a n d  d raw in g  conclusions o ften  re p re se n t m any m an-m onths o f effort. T h e  use of 
2 0 %  o f  th is  tim e  to  distil the  u n d ers tan d in g  you have gained  in to  a concise and  logical 
a c c o u n t, su p p o r te d  only  by th e  necessary  d a ta , shou ld  n o t be  resen ted , for w hat you 
c o m m u n ic a te  is y o u r p ro d u c t, on  w hich you will be judged . F u rth e rm o re , the  g rea te r 
th e  n u m b e r  o f  p e o p le  w ho  read  you r w ork , the  g rea te r will b e  its im pact. I t is im portan t 
to  rea liz e  th a t c lea r, concise p ap ers  a re  m uch m ore  w idely read  and q u o ted  than  
e x te n s iv e , o b sc u re  and  w oolly  ones.

T h e  seco n d  re aso n  fo r im proving  efficiency is sim ply th a t it takes less space. T he  cost 
o f  p u b lish in g  is rising , w hereas the  resources o f  o u r m ain subscribers, libraries, are  
b e in g  h e ld  c o n s ta n t o r  declin ing  in rea l te rm s w orldw ide. W e also have increasing 
d e m a n d s  fo r  space  in th e  Jo u rn a l. A s a policy w e do n o t w an t to  use page charges, for 
th a t  w o u ld  p ro d u c e  u n fa ir  p ena liza tion  on  those  w ith  th e  least resources. If we increase 
th e  n u m b e r  o f  p ag es, th e  subscrip tion  m ust rise and  w e shall lose subscribers. T h e re 
fo re , w e h av e  no  cho ice  b u t to  m ake  m ore  efficient use o f the space w e have, o r re jec t 
m an y  m o re  p a p e rs .

T h e  new  in s tru c tio n s  a re  in ten d ed  to  en cou rage  positively the  subm ission o f c lear, 
conc ise  c o n tr ib u tio n s . T h e  instructions will be  increasingly im plem ented  o v er the  next 
tw o  y e a rs , d u e  a llow ance  being  m ade  as a p p ro p ria te . T he  effect will be to  speed the  
p ro cess in g  o f  such p a p e rs  a t th e  expense of th o se  th a t are  n o t c lear, concise and  well 
p re p a re d . T h e  c o -o p e ra tio n  o f  co n trib u to rs  will be o f  benefit, bo th  to  them selves and to  
th e ir  re a d e rs .

D erek  G . L and  
E d ito r
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R e v i e w :  T h e  d i r e c t  e p i f l u o r e s c e n t  f i l t e r  t e c h n i q u e

G .  L .  P E T T I P H E R

Summary

T h e  d ire c t ep iflu o rescen t filter techn ique  (D E F T ) fo r the rap id  enum era tion  o f m icro
o rg a n ism s is d esc rib ed  w ith  p a rticu la r re fe ren ce  to  m ilk and  foods. R ecen t develop
m e n t w ith  re g a rd  to  app lica tions and  au to m a tio n , and  th e  likely fu tu re  o f  the  m ethod  
a re  d iscussed .

Introduction

T h e  D E F T  w as o rig inally  d ev e lo p ed  fo r coun ting  b ac te ria  in raw  m ilk a t the  N ational 
In s titu te  fo r  R e se a rc h  in D airy ing , R ead in g  (P e ttip h e r  etal. , 1980; P e ttip h e r, 1983). It 
w as d e v e lo p e d  a t th e  req u est o f the  D airy  Industry  w hich, th rough  the  Scientific 
C o n su lta tiv e  P a n e l o f  th e  Jo in t C om m ittee  o f  the D airy  T rad e  F ed era tio n , expressed  a 
n e e d  fo r  a ra p id  m e th o d  o f  estim ating  d irectly  th e  n u m b er o f bac teria  in m ilks con
ta in in g  <  1 X 104-  >  106 b ac te ria  p e r  m illilitre . Such a te s t could  be  used fo r grading 
fa rm  m ilks on  th e  basis o f  hygienic quality  and  w ould p erm it b e tte r  m anagem en t o f 
su p p lie s  a t th e  c ream ery . T h e  req u irem en ts  o f th e  ‘id ea l’ new  m eth o d  w ere  th a t it 
sh o u ld  be:

(1) R a p id . A  re su lt shou ld  be  availab le in less th an  30 m in for de term in ing  the 
su ita b ility  o f  m ilk  fo r processing .

(2) S ensitive . T h e  test should  be  m o re  sensitive than  the  10 m in R esazurin  Test.
(3) P rec ise . T h e  te s t resu lts should  co rre la te  significantly w ith those  o b ta in ed  by 

o th e r  s ta n d a rd  m eth o d s .
(4) C o n v e n ie n t. T h e  m e th o d  should  b e  su itab le  fo r use by the labo ra to ry  staff o f the 

p ro c e sso r  o r  m an u fa c tu re r .
(5 ) E c o n o m ica l. T h e  te s t shou ld  be  econom ical in te rm s o f cost p e r sam ple. F o r a 

m a n u a l te s t a t th e  c ream ery  this m eans low lab o u r and  equ ipm en t costs because o f the 
sm all n u m b e r  o f  sam ples p e r  day  (1 0 -3 0 ). F o r cen tra lized  testing  the  high sam ple 
th ro u g h p u t p e rm its  a high eq u ip m en t cost p rov ided  th e re  is a low req u irem en t for 
la b o u r.
F ro m  th e  b eg in n in g  a m e th o d  using m icroscopy was envisaged as d irect m ethods are 
g e n e ra lly  m o re  acc u ra te  th an  ind irec t m eth o d s and  m icroscopy is one o f the  few rapid  
c ire c t  m e th o d s .

General principles
D E F T , w hich  uses m em b ran e  filtra tion  and  ep ifluorescence m icroscopy, takes less 

th a n  30 m in  to  co m p le te  and  does no t suffer from  m any  o f the  d isadvantages o f o th e r 
m ic ro sco p ic  m e th o d s . P re tre a tm e n t o f the  m ilk w ith a p ro teo ly tic  enzym e and surfac
ta n t  a t 50°C  lyses som atic  cells and  m akes fa t g lobules sufficiently fluid to  enab le  2 m l o f

Author's address: Cadbury Schweppes pic. Group Research Lord Zuckerman Research Centre. The 
University, Whiteknights, Reading. Berkshire RG62LA, U.K.
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m ilk  to  be filte red  rou tine ly  th rough  a 25 mm  d iam ete r m em brane filter. F iltra tion  
c o n c e n tra te s  and  d is trib u tes  the  b ac te ria  in a m an n er tha t m akes counting easier and 
th e  te c h n iq u e  circa 100 tim es m ore sensitive than the  B reed  sm ear. T he use o f a 
flu o re sc e n t sta in  p ro d u ces well s ta ined  m icro-organism s th a t are easily distinguishable 
fro m  th e  sm all a m o u n ts  o f fluo rescen t debris. A  po lycarbonate  m em brane filter is used, 
th e  flat su rface  o f  w hich is b e tte r  su ited  to  m icroscopy than  the  uneven surface of 
ce llu lo se  a c e ta te  m em b ran es. M icro-organism s on D E F T  slides can be coun ted  au to 
m atica lly , th e re b y  considerab ly  reducing o p e ra to r  fatigue. D E F T  can be used rapidly  to 
e n u m e ra te  m icro -o rgan ism s in urines, beverages and , with additional sam ple p re 
tre a tm e n t , a v a rie ty  o f  foods in add ition  to  m ilk.

Materials and methods

Apparatus and reagents
T h e  m ain  item s o f  a p p a ra tu s  req u ired  for the D E F T  include an epifluorescence 

m ic ro sc o p e , filter m an ifo ld , filter tow ers, filters, vacuum  pum p, w ater b a th , p ipe ttes, 
c o n ta in e rs  fo r re ag en ts , m icroscope slides and  coverslips. T he reagents needed  for the 
D E F T  inc lude  th e  enzym e trypsin , the  su rfac tan t T rito n  X-100, the  fluorochrom e 
ac rid in e  o ra n g e , citric acid —  N aO H  buffers, isopropano l and non-fluorescent im m er
sion  o il. B efo re  use , all reag en ts , except im m ersion oil, are  prefiltered  th rough  0.22 pan 
p o re  size cellu lose  ace ta te  m em b ran e  filters to  rem ove b ac teria  and particu la te  m a tte r, 
a n d  a re  d isp en sed  in to  s terile  con ta iners. A  kit o f co n cen tra ted  D E F T  reagen ts devel
o p e d  a t th e  N IR D  is availab le  com m ercially  (D ifco L ab o ra to ries , E ast M olesey and 
F oss U .K . L td , Y o rk ). T he  use o f  reag en t kits and a reagen t filtration and dispensing 
sy stem  d ev e lo p e d  by Foss U .K . L td m akes the  m ethod  considerably  easier for the 
o p e ra to r .

Method
W h o le  m ilk , enzym e and su rfac tan t are incubated  a t 50°C for 10 min in a sterile 

c a p p e d  test tu b e . A  po ly carb o n a te  m em brane  filter (N uclepo re , 0.6  pm  pore size) is 
m o u n te d , sh iny  side  u p p erm o st, in a m em b ran e  filtration  unit o f a filter m anifold 
c o n n e c te d  to  a vacuum  line. T he  filter is w arm ed  by filtration of su rfactan t at 50°C 
b e fo re  th e  t re a te d  m ilk is filtered . S u rfactan t at 50°C is used to  rinse the test tube  and 
filte r  to w e r a f te r  filtra tion  o f the  tre a te d  m ilk. A fte r filtration  of the trea ted  m ilk and 
r in se , th e  m e m b ra n e  is overla id  w ith stain . A fte r 2 min the  vacuum  is reapp lied , and the 
m e m b ra n e  is rin sed  w ith  bu ffer follow ed by isopropanol. T he sta ined  m em brane is air 
d r ie d  an d  th e n  m o u n te d  in non-fluorescen t im m ersion oil on a slide benea th  a cover 
slip .

T h e  m o u n te d  m em b ran e  filter is then  exam ined  by m eans o f a epifluorescence 
m ic ro sco p e  su itab le  fo r use w ith acrid ine  o range. In the D E F T , because o f the h igher 
R N A  c o n te n t, m etabo lica lly  active b ac te ria  fluoresce o range  w hereas inactive bacteria  
fluo resce  g re e n  (Fig. 1). C lum ps o f o range fluorescing bac teria  are coun ted  in m icro
sc o p e  fields o f  view  ta k en  a t random . D epend ing  on the num ber o f clum ps p er field, 
b a c te r ia  in tw o to  fifteen  fields a re  co u n ted  (P e ttip h e r etal. , 1980). T he D E F T  coun t per 
m illilitre  is e s tim a te d  from  the  m ean clum p count per field and the m icroscope factor 
(M F ). T h e  M F  d e p e n d s  upon  the  am oun t o f sam ple filtered  through  the given area  of 
th e  m e m b ra n e  and  th e  a rea  o f the  m icroscope field. T he  M F is calculated  as follows:
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Figure 1. Bacterial cells as seen in the DEFT.

A re a  o f  m e m b ra n e  th ro u g h  which sam ple is filtered  (m m 2)
M F  =  --------- ;------------------------------------- ------------------------------------------  .

M icroscope  field a rea  (m m 2) x sam p le  volum e (m l)

T h e  M F  can  vary  w idely as it is influenced by sam ple vo lum e, filter a rea , m agnification 
c f  o b je c tiv e  an d  eyep ieces an d  type o f ob jec tive  used , e .g . , s tan d ard  o r w ide field. F or a 
sam p le  v o lu m e o f  2 ml the  M F  will usually  range from  2000 to  11000.

In  ad d itio n  to  th e  co u n t p e r  m illilitre o f  sam ple , a p resum ptive  identification o f the 
ty p es o f  m icro -o rgan ism s p re sen t on D E F T  slides can be m ade by the o p e ra to r. 
G e n e ra lly  th e  fo llow ing  types o f b ac te ria  are d iscern ib le by m orphology: strep tococci, 
m ic ro co cc i, s taphy lococci and  som e bacilli and co ryneform s. Fungi, yeasts and spores 
can  a lso  b e  d is tin g u ish ed . A  ten ta tiv e  identification  o f the types o f m icro-organism s 
p re s e n t  in th e  sam p le  m ay be useful in locating  th e ir source , e .g ., a high bacteria l coun t 
in re f r ig e ra te d  fa rm  m ilk w here  the  m ajo rity  are strep tococci is usually indicative of 
m astitis  in th e  h e rd . A  full descrip tion  o f  the  m ethod  and  stain ing reactions can be found 
in a m o n o g ra p h  o f  th e  D E F T  (P e ttip h e r, 1983).

A u to m a t io n
T h e  D E F T  w as d ev e lo p ed  as a m anual techn ique  designed to  give rap id  results on  a 

sm all n u m b e r  o f  sam ples. F low ever, it soon becam e ap p a ren t th a t, due to  its rap id ity , 
th e  u se fu ln ess  o f  th e  m e th o d  w ould  be  considerab ly  increased  if the  sam ple th roughpu t 
co u ld  b e  im p ro v ed .

T h e  D E F T  cou ld  be  fully a u to m a ted  relatively  easily as the  m ethod  uses low 
te c h n o lo g y . I t has b een  the  cost o f such a dev e lo p m en t, no t practical p rob lem s, which
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h as  p re v e n te d  full a u to m a tio n  o f th e  techn ique . A  th re e  un it system  involving sam ple 
p re tr e a tm e n t ,  f iltra tio n  and  stain ing , and  coun ting  has been  envisaged (P e ttip h e r, 
1983). T o  d a te , th e  m a jo r  developm en ts have been  to  assist the  o p e ra to r  in the use of 
th e  m a n u a l te c h n iq u e . T h e  m a jo r p rogress tow ards au tom ation  has been  m ade in the 
a re a  o f  a u to m a te d  coun ting .

T h e  m an u a l D E F T  coun t is only  su itab le  for th irty  to  forty sam ples p e r day per 
o p e ra to r  as p ro lo n g e d  use o f the  m icroscope resu lts in o p e ra to r fatigue. M icro
o rg an ism s on  D E F T  slides can  be  co u n ted  au tom atically  using the  4 0 -1 0  im age 
a n a ly se r  (A n a ly tica l M easu ring  System s L td , S hirehill, Saffron W alden , E ssex, U .K .) . 
A  c lo sed  c ircu it T V  cam era  (scanner) a ttach ed  to  the  m icroscope cam era p o rt detects 
th e  m ic roscop ic  im age and the  resu lting  video signal is analysed to  ob ta in  quan tita tive  
d a ta  a b o u t th e  im age (Fig. 2). U sing  th e  im age analyser, an o p e ra to r  can coun t circa 
fifty  slides p e r  h o u r. T h e  o p e ra to r  has to  load  the  slide, focus the  m icroscope and  m ove 
th e  m ic ro sco p e  s tage  m anually . T he  im age analyser can be contro lled  by a m icro 
c o m p u te r  (n o t show n) w hich processes the  g en era ted  da ta . T he re levan t in fo rm ation , 
e .g . ,  sam p le  co d e , co u n t p e r  m illilitre and  g rade , is p rin ted  ou t and  can be  reco rded  
s im u lta n e o u s ly  o n to  m agnetic  disc fo r sto rage  purposes.

F ig u re  2. A p p ara tu s  fo r the  sem i-au tom ated  counting o f m icro-organism s on D E F T  slides,
m ic ro c o m p u te r no t show n.
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T h e  se m i-a u to m a te d  co u n t o f b ac te ria  on D E F T  slides agrees well w ith the  co rre 
sp o n d in g  v isua l D E F T  co u n t w ith  a  co rre la tio n  o f 0 .94 (P e ttip h e r  & R odrigues, 1982a). 
F o r  low  c o u n t m ilks, th e  sem i-au to m ated  coun t exceeds the  visual coun t b u t this 
d iffe re n c e  b eco m es p ro p o rtio n a lly  less as the  coun t increases; th e re  is close ag reem en t 
o v e r  th e  ra n g e  1 x 105—5 x 108/m l. T h e  h igher sem i-au to m ated  coun t is p robab ly  due to  
th e  inc lu sion  o f  p a rtic le s  such as sed im en t and  the  few som atic  cell nuclei w hich rem ain  
u n d ig e s te d  by  th e  p re tre a tm e n t. T h ese  p artic les a re  easily d istinguishable from  b ac teria  
by  eye  a n d  th e re fo re  w ou ld  n o t be included  in the  visual D E F T  count. A g reem en t 
b e tw e e n  th e  sem i-a u to m a te d  and  v isual D E F T  coun ts has subsequen tly  b een  im proved  
by  th e  inc lu sion  o f  a re d  filter in the  m icroscope which p reven ts the  im age analyser 
c o u n tin g  g re e n  flu o rescen t p artic les , w hich are  usually deb ris  o r  som atic cell nuclei.

O n e  p ro b le m  e n c o u n te re d  during  lab o ra to ry  tests o f  th e  sem i-au tom ated  counting  
sy stem  w as th e  te n d en cy  fo r o p e ra to rs  to  ‘sea rch ’ for a m icroscopic field contain ing  
b a c te r ia  o n  D E F T  slides p re p a re d  from  low coun t m ilks. In p ractice this m ay lead  to  
e le v a te d  c o u n ts . T h e  use o f  a single d irec tiona l stepp ing  m icroscope stage (Foss U .K . 
L td )  sh o u ld  e n su re  th a t ran d o m  m icroscope fields a re  coun ted .

T h e  c o u n tin g  system  could  be  fully a u to m a ted  by including a cassette  loading system  
fo r  slides a n d  focusing  u n d e r  m ic ro co m p u te r con tro l. T he  technology  fo r these 
m o d ifica tio n s  is a lread y  availab le  (P loem  e t a l . , 1979; T h o m aso n , H e rb e rt & C herry , 
1975). A u to m a tio n  o f  D E F T  p re p a ra tio n s  (w hich w ould  involve sam pling, p re tre a t
m e n t, f iltra tio n , s ta in in g  and  rinsing  stages) com bined  w ith au to m a ted  counting  w ould 
p ro v id e  a system  cap ab le  o f  analysing h u n d red s o f sam ples p e r  day.

T h e  u se  o f  a m ic ro co m p u te r fo r d a ta  logging also perm its d a ta  m an ipu la tion . T o  
d a te ,  th e  D E F T  co u n t has b een  based  on  the  m ean  coun t o f  b ac teria  in the  m icroscopic 
fields. U n re p re se n ta tiv e  fields o b ta in e d  d ue  to  o p e ra to r  e rro r  ( e .g ., p o o r focusing p rio r 
to  c o u n tin g ) , o r  th e  p resen ce  o f  deb ris  in som e fields o f  view w ould  b e  included. 
C u rre n tly , s ta tis tica l m eth o d s  are  being  eva lua ted  fo r analysing the  field coun ts w ith the  
a im  o f  re m o v in g  u n re p re se n ta tiv e  coun ts (ou tlie rs) p rio r to  calculation  o f  the  final 
D E F T  co u n t. T h is  shou ld  lead  to  a fu rth e r  reduction  in th e  counting  erro rs.

C o s t o f  e q u ip m e n t  a n d  d isp o sa b le  item s
T h e  co s t o f  eq u ip p in g  a lab o ra to ry  fo r th e  D E F T  is app rox im ately  £5000 o r  $6000. 

T h e  m a jo r  cap ita l cost is th e  ep ifluo rescence m icroscope w hich retails fo r circa  £4000. It 
is p o ss ib le  th a t a d ed ic a te d  ep ifluo rescence m icroscope m ay b e  p roduced  in th e  fu tu re  
w h ich  sh o u ld  cost on ly  o n e -th ird  o f this am o u n t. T h e  o th e r  expensive item s o f  eq u ip 
m e n t a re  th e  filte r m an ifo ld  an d  w a te rb a th . T h e  ad d itiona l cost o f th e  in stru m en ta tio n  
fo r  s e m i-a u to m a te d  coun ting  is circa  £7800. This includes the  T V  im age analyser system  
a n d  th e  m ic ro c o m p u te r  w hich, a lthough  n o t essen tia l, g reatly  facilita tes d a ta  logging, 
re c o rd  k e e p in g  and  re p o rt w riting.

T h e  c u rre n t  cost o f  d isposab le  item s used  in th e  D E F T  is circa  55 pence o r  $0.80 p er 
te s t , o f  w h ich  th e  N u c lep o re  m em b ran e  filter is the  m ost expensive single item  costing 
circa  35p ($0 .50).

Application of the DEFT

R a w  m i lk
T h e  D E F T  c o u n t c o rre la tes  w ell w ith  th e  p la te  colony coun t fo r fa rm , ta n k e r and 

silo  m ilk s , w ith  an  o vera ll co rre la tio n  coefficient o f  0.91 (T ab le  1). A g reem en t betw een 
th e  tw o  m e th o d s  is close a t th e  level o f  10 4- 10 5 b ac te ria /m l, b u t w here  counts exceed
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Table 1. Relationship between log,,, DEFT count per ml (y) 
and log,,, plate colony count per ml (x) for milk, meat and 
fish, rinses and urine

Material a b r

Raw milk 0.89 0.80 0.91
Stored pasteurized milk 1.37 0.71 0.93
Fresh meat and fish -  0.41 1.00 0.91
Frozen meat and fish 1.31 0.74 0.87
Rinses of milking equipment 1.38 0.66 0.83
Urine 0.02 0.88 0.85

y = a+bx: r, correlation coefficient.

10H/m l th e  p la te  co lony  coun t is h igher th an  the  D E F T  coun t. This is possibly due to  the 
in c re a se d  b re a k  up  o f  clum ps du rin g  th e  p re p a ra tio n  o f  d ilu tions in p la te  colony counts 
fo r  m ilks co n ta in in g  high num bers o f  b ac teria .

C o m p a riso n  o f  D E F T  coun ts and  p la te  colony counts ob ta in ed  by d iffe ren t 
o p e ra to rs  o n  fresh  an d  s to red  m ilks show s th a t th e re  is ag reem en t betw een  m ethods and 
b e tw e e n  o p e ra to rs  o v e r a w ide range  o f coun ts (P e ttip h e r et al. , 1980). F o r bo th  
m e th o d s  th e  coeffic ien t o f  varia tion  (C V ) be tw een  trip licate  log counts w ithin sam ples 
w as ± 1 .6 % . T h e  C V  b e tw een  m ean  log coun ts o b ta in ed  by d ifferen t o p era to rs  was 
± 2 .2 %  fo r  th e  D E F T  co u n t and  ± 2 .6 %  fo r the  p la te  colony count. R epeatab ility  o f the 
D E F T  c o u n t seem s to  be  sim ilar to  th a t o f  the  p la te  colony count.

T h e  D E F T  co u n t, w hich takes less th an  30 m in to  com ple te  and  is su itab le  fo r milks 
c o n ta in in g  5 x  10:!- 1 0 8 b ac te ria /m l, is b o th  sufficiently rap id  fo r m onito ring  ta n k e r and 
silo  m ilk  an d  sensitive  enough  fo r grad ing  farm  m ilk on the  basis o f bacterio logical 
q u a lity . Its  use  sh o u ld  p e rm it b e tte r  con tro l an d  m an ag em en t o f supplies, reducing  the 
risk  o f  p o o r  q u a lity  p ro d u c ts  resu lting  from  a high bac teria l coun t in the  raw  m ateria l.

T h e  hyg ien ic  q u a lity  o f  m ilk is re la ted  to  th e  n u m b er o f individual bac teria l cells no t 
th e  n u m b e r  o f  c lum ps. In  early  w ork  b o th  the  n u m b er o f cells and clum ps w ere coun ted  
in  th e  D E F T  (C o u sin s et al. , 1979). In  o rd e r  to  get the  m eth o d  accepted  the  D E F T  was 
b a se d  o n  a  c lum p  co u n t as th is gives c loser ag reem en t w ith  the  p la te  colony count. 
R e c e n t w o rk  by O ’C o n n o r, Ew ings &  H ollyw ood (1983) has show n th a t bo th  syringing 
a n d  b le n d in g  re d u c e  th e  average clum p size in the  D E F T  to  approxim ately  tw o bacteria l 
ce lls a n d  lead s  to  an  im proved  co rre la tio n  w ith  the  p la te  colony count. S im ilar resu lts on 
th e  e ffec t o f  syring ing  and  b lend ing  w ere  re p o rte d  by R odrigues & K roll (1985).

Milk products
F o r  all m ilk  p ro d u c ts  exam ined  by the  D E F T , tre a tm e n t w ith trypsin and T rito n  

X -100  w as e ssen tia l fo r efficient filtra tion  and  c lear p rep ara tio n s for the  m icroscope 
(P e t t ip h e r  &  R o d rig u e s , 1981). T he  D E F T  coun t is n o t sufficiently sensitive to  
a c c u ra te ly  d e te rm in e  b ac te ria l num bers in pasteu rized  p roducts w ith counts below  
l x  10 'Vml, b u t it w ou ld  d e te c t grossly co n tam in a ted  p roducts im m ediately  a fte r p ro 
d u c tio n . A n y  in c rease  in b ac te ria l num b ers  in pasteu rized  m ilk and pasteu rized  cream  
d u r in g  s to ra g e  can  be im m ed ia te ly  d e te c te d  by the  D E F T , th e  p la te  colony coun t gives a 
s im ila r  re su lt 2 - 3  days la te r. A g reem en t be tw een  the  tw o counting  m ethods w as good 
o v e r  a w ide  ran g e  o f  coun ts th e  regression  line having a co rre la tion  coefficient o f 0 .9 3
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(T a b le  1). F o r  th e  D E F T  to  be o f p ractical use for quality  con tro l o f pasteu rized  
p ro d u c ts  th e  b a c te ria l num b ers  m ust first be increased  by p re-incubation .

T h e  m ic ro flo ra  o f  pasteu rized  m ilk consists o f th e rm o d u ric  organism s th a t survive 
th e  h e a t  tr e a tm e n t an d  p o st-pasteu riza tion  con tam inan ts. In the  U .K . p o st
p a s te u r iz a tio n  co n ta m in a tio n  by p sych ro troph ic  G ram  negative bac teria  is the  m ost 
sign ifican t fa c to r  in reducing  the  keep ing  quality  o f re frig e ra ted  pasteu rized  m ilk 
(S c h ro d e r , C ousin s  &  M cK innon , 1982). In  poorly  re frig e ra ted  pasteu rized  m ilk, 
h o w e v e r , th e  th e rm o d u ric  flo ra m ay also cause spoilage (C ox, 1975).

T h e  D a iry  In d u s try  n eed s a rap id  m icrobio log ical m eth o d  fo r p asteu rized  p roducts, 
p re fe ra b ly  o n e  th a t p red ic ts  th e  likely keep ing  quality . P re-incubation  o f m ilks con
ta in in g  in h ib ito rs  an d  su b seq u en t estim ation  o f post-pasteu riza tion  con tam ination  
levels by  m e a su re m e n ts  o f  bac teria l A T P  has been  used to  pred ic t the  keeping quality  o f 
p a s te u r iz e d  m ilk  w ith in  24 h r (W aes & B ossuyt, 1982). T h e  keeping quality  (K Q ) of 
p a s te u r iz e d  m ilk  s to re d  a t 5°C  (satisfactory  re frigeration ) and 11°C (unsatisfactory  
re fr ig e ra tio n )  w as p re d ic ted  w ithin 24 h r by p re-incubating  sam ples and counting  
b a c te r ia  by  th e  D E F T  (R o d rig u es & P e ttip h e r, 1984). F or sam ples from  5°C sto rage, 
0 .0 3 %  (w /v) b en za lk o n iu m  ch lo ride  and  0.002%  (w/v) crystal violet (final con
c e n tra tio n s )  w ere  ad d e d  to  inh ib it the  grow th o f G ram  positive bac teria  during  p re 
in c u b a tio n . T h e  sam ples from  m ilk sto red  at 11°C w ere p re-incubated  w ithou t the 
a d d itio n  o f  in h ib ito rs . A fte r  p re -in cu b a tio n  a t 30°C th e re  was a satisfactory  re la tionsh ip  
b e tw e e n  th e  D E F T  c o u n t and  the  K Q  o f m ilks at bo th  5° and 11°C. T he D E F T  count 
fo llow ing  p re -in c u b a tio n  co rrectly  classified >  80%  o f pasteu rized  m ilks on  the  basis of 
K Q . G riffith s , Phillips & M uir (1984) show ed th a t p re-incubation  in the  p resence of 
in h ib ito rs  fo llow ed  by  use o f e ith e r the  D E F T  o r b io lum inescence m eth o d  could 
in d ica te  th e  e x te n t o f p o s t-p asteu riza tio n  co n tam ination  o f cream  w ithin 26 h r o f 
p ro d u c tio n . T h ese  m e th o d s  could  p red ic t w h e th er o r no t the p roduct w ould keep  for 
m o re  o r  less th a n  7 days a t 6 °C.

B o th  th e  D E F T  co u n t and  the  p la te  colony coun t failed to  de tec t any b ac teria  in 
m o st sam p les  o f  U H T  m ilk w hich is supposed  to be a sterile  p roduct. In one carton  of 
E1HT m ilk  w h e re  a f te r  p re -in cu b a tio n  the  grow th  o f a Micrococcus sp. had  occu rred , 
th e  D E F T  c o u n t an d  p la te  colony coun t w ere  4 .3 x l 0 4 and  1 .8 x l0 4/m l respectively  
(P e t t ip h e r  & R o d rig u e s , 1981). T h e  D E F T  could  rep lace  th e  p la te  colony coun t in the 
s ta tu to ry  te s t m e th o d , th e reb y  giving resu lts 2 - 3  days earlier.

T h e  sh o rtco m in g s o f  th e  D E F T  fo r certa in  hea t tre a te d  p roducts w ere first revealed  
by  an  a ty p ica l sam p le  o f  cream . O n e  ca rto n  o f com m ercially  pasteu rized  cream  had  a 
D E F T  c o u n t o f  >  10 7/m l and  a p la te  colony coun t o f circa 100/ml, w hereas the  two 
m e th o d s  h a d  been  in close ag reem en t fo r p rev ious sam ples (P e ttip h e r & R odrigues,
1981). T h e  b a c te ria  responsib le  for the  high D E F T  coun t w ere cocci. In a follow up 
in v e s tig a tio n  b o th  th e  raw  and  pasteu rized  cream  w ere  m o n ito red  during  the  12 h r 
p ro d u c tio n  ru n . A n  o rgan ism , w hich la te r was identified  as Strep, bovis, gradually  
in c re a se d  in  n u m b e rs  in the  s tan d ard iza tio n  tank  during  the  run , finally reaching 
>  10fi/m l. T h is  o rgan ism , a lthough  killed by the  p asteu riza tion  tre a tm en t, still 
f lu o re sc e d  o r a n g e - r e d  in the  D E F T  and  w as th e re fo re  included in the D E F T  count. 
T h e  s tre p to c o c c u s  had  th e  sam e stain ing  reac tion  in th e  D E F T  even afte r the  p a s te u r
ized  c re a m  h ad  b een  s to re d  at 7°C  for 1 w eek . A  sim ilar phenom enon  w as observed  for 
so m e  o th e r  h e a t tre a te d  p roducts.

T h e  effec t o f  h e a t tre a tm e n t on  th e  acrid ine  o range  staining characteristics of 
d if fe re n t b a c te ria l species was exam ined . T h e  persistence  o f acrid ine o range stainable
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o ra n g e -re d -f lu o re sc in g  m ateria l in non-v iab le  cells o f Strep, bovis and  Micrococcus 
sp p . is a fun c tio n  o f  th e  h ea t trea tm en t. N on-viable cells o f these species recovered  from  
th e  c u ltu re s  in  th e  dec line  phase  of g row th fluoresce g reen  in the  D E F T , as do  sim ilar 
cells o f  o th e r  b a c te ria l species. T h e  p rob lem  o f non-viable bac teria  fluorescing o ra n g e -  
re d  in th e  D E F T  is com plex  and  no t re la ted  to  G ram  type e .g ., the  G ram  positive 
s tre p to c o c c i, m icrococci and bacilli behave d ifferen tly . F o r p roducts contain ing  high 
n u m b e rs  o f  s trep to co cc i o r  m icrococci befo re  heat tre a tm e n t e .g ., w hey and  milk 
p o w d e rs , th e  D E F T  co u n t is p robab ly  c loser to  the  p la te  colony coun t im m ediately  
b e fo re , ra th e r  th an  a fte r , h ea t tre a tm en t.

W h e re  a g re e m e n t be tw een  the D E F T  coun t and the p la te  colony coun t is good e .g . , 
p a s te u r iz e d  m ilk , sk im  m ilk , c ream , w hey and sw eet cream  b u tte r , the  D E F T  could  be 
u sed  fo r  q u a lity  co n tro l and  in som e cases to  p red ic t the  keep ing  quality  o f  these 
p ro d u c ts . W h e re  the  D E F T  coun t and  p la te  colony coun t a re  no t in close ag reem en t 
e .g . ,  m ilk  p o w d ers , p asteu rized  w hey and  ripened  cream  b u tte r , the D E F T  m ay still 
p ro v e  u sefu l, b ecau se  o f  its rap id ity , in d e tec ting  bac teria l con tam ination  by m onito ring  
th e  b a c te rio lo g ica l cond ition  o f th e  p ro d u c t at various stages during its m anufac tu re .

Foods
F o r s to m a c h e re d  suspensions o f m ost foods te s te d , enum era tion  o f m icro 

o rg an ism s in th e  D E F T  p roved  difficult because o f the presence o f food debris. 
P re -f iltra tio n  o f th e  suspension  th rough  nylon filters (m esh size 5 /urn) rem oved  m ost of 
th e  fo o d  d eb ris  and  only  slightly reduced  the  recovery  o f m icro-organism s, as d e te r
m in e d  by th e  p la te  co lony  coun t (P e ttip h e r  & R odrigues, 1982b). T he recovery  rates 
fell as th e  m ic rob ia l c o n te n t o f th e  food  increased  e .g ., approxim ately  10 0%  at 10 4/g, 
85%  a t 10(i/g , 70%  a t 108/g and  60%  at 10lo/g -T h e  loss o f m icro-organism s is unlikely  to 
su b s ta n tia lly  affec t the  coun t o f  m icro-organism s in the  food.

F o r  m ilk , 0 .6  /¿m p o re  size po lycarbona te  m em brane  filters are used in the D E F T  
b u t fo r  so m e "c leaner’ liquids, such as certa in  pre-filtered  food suspensions, beverages 
an d  w a te r , a p ro p o rtio n  o f the  b ac te ria  (up  to  2 5% ) m ay e n te r  the  pores o f these 
m e m b ra n e s . If a sufficient vo lum e o f  sam ple can be filtered  to  achieve the requ ired  
sen sitiv ity , it is re c o m m en d ed  th a t a sm aller p o re  size (0 .4  o r  0 .2  pm) m em brane filter is 
u sed  fo r  th e se  p ro d u c ts .

If T w een  80 is used  as the  su rfac tan t fo r the p re tre a tm en t o f  sam ples in the  D E F T , 
th e  m ic ro -o rg an ism s a p p e a r la rger than  if T rito n  X-100 is used. T hese larger organism s 
f lu o resce  m o re  b righ tly  and  are  m ore  easily coun ted . A s T w een 80 is relatively 
in e ffec tiv e  a t lysing som atic  cells, even in the p resence o f trypsin , it should  no t be used 
as th e  su rfa c ta n t fo r p ro d u c ts  con tain ing  large num b ers  o f som atic  cells. H ow ever, for 
o th e r  p ro d u c ts  w h ere  som atic  cells a re  few o r absen t, e .g . b u tte r  and p re-filtered  m eat 
su sp e n s io n s , th e  use o f  T w een  80 as the  su rfac tan t in the D E F T  in place o f T riton  X-100 
m ay  re su lt in b e tte r  qua lity  m icroscope p rep ara tio n s.

D e p e n d in g  up o n  the  food , 4 -1 5  ml o f stom achered  food suspensions (10 g food plus 
90 m l d ilu e n t)  cou ld  be  filtered  th rough  a single nylon pre-filter and 3 -1 0  ml o f these 
p re -f ilte red  su spensions could  be  filtered  in the  D E F T . A  sam ple size o f  2 m l was 
ro u tin e ly  u sed  in the  D E F T , to g e th e r  w ith a m icroscope fac to r o f 57500.

F o r fre sh  m e a t an d  fish, the  p re-filte red  D E F T  co u n t agreed  well w ith  th e  p la te  
c o lo n y  c o u n t o v e r th e  range  104-1 0 '° /g , w ith a c o rre la tio n  coefficient o f 0.91 (T able 1). 
F o r  c o u n ts  on  frozen  m ea t and  frozen  fish the  p refilte red  D E F T  coun t also agreed  well 
w ith  th e  p la te  co lony  coun t over the  range 5 x  104- 5 x  107/g (T able 1). O f the  o th e r
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fo o d s te s te d , th e re  w as good  ag reem en t betw een  the  pre-filtered  D E F T  coun t and p late  
co lo n y  co u n t fo r co o k ed  m ea ts , cream  d oughnu t and  spices (P e ttip h e r & R odrigues, 
1982b). T h e  coeffic ien t o f  varia tion  betw een  trip lica te  log D E F T  counts on food 
su sp e n s io n  w as <  ± 1 % , low er th an  th a t o b ta in ed  for m ilk.

O th e r  w o rk e rs  have ex ten d ed  the  application  o f  D E F T  to o th e r  foods. R ecen t 
re su lts  from  a la b o ra to ry  in D en m ark  show  good ag reem en t betw een  the D E F T  count 
a n d  p la te  co lony  co u n t fo r m inced  p o rk , b ee f and  bacon , various types o f fish, 
m a y o n n a ise  sa lads an d  m ilk (B o isen , 1983). F or m inced beef, the m anual D E F T  count 
a n d  a u to m a te d  D E F T  coun ts had  coefficients o f variation  o f 10.2 and 7 .9%  
re sp ec tiv e ly . T h e  re p ea tab ility  o f a u to m a ted  coun ts on a single D E F T  slide w as ± 6 .1 % . 
Q v is t &  Ja k o b se n  (1985) re p o rte d  good  ag reem en t betw een  D E F T  counts and plate  
c o lo n y  c o u n ts  fo r g ro u n d  beef.

B ev e ra g e s
M e th o d s  using th e  sam e princip les as the D E F T  are used to  estim ate  viable and 

n o n -v iab le  y east and  b ac te ria  in w ines and  on  w inery  eq u ipm en t surfaces (C oo tes & 
J o h n so n , 1980). T h e  m eth o d  fo r w ine takes only  15 m in to  com plete  and has a sensitivity 
o f  less th a n  1 m icro -o rgan ism  p er ml.

W a te r  a n d  r in ses  o f  f o o d  co n ta c t su rfa ces
C o u n ts  o f  b a c te ria  in n a tu ra l w aters o b ta in ed  by m em brane filtra tio n - 

e p iflu o rescen ce  m icroscopy  techn iques generally  ag ree  w ith counts ob ta in ed  using the 
scan n in g  e le c tro n  m icroscope  (B ow den , 1977). T he  repea tab ility  o f the  m icroscopic 
m e th o d  is g o o d  w ith  a  coefficient o f  varia tion  be tw een  o p e ra to rs  and  betw een  replicates 
o f  7 .5  a n d  3 .1 % , respectively .

T h e  rin se  p la te  m e th o d  o ften  takes 6 days o r longer to  locate the  source o f high 
n u m b e rs  o f  b a c te ria  on  m ilk ing eq u ip m en t. T he  D E F T  could  be used to  coun t bacteria  
in r in ses  o f  m ilk ing  eq u ip m en t in circa  5 m in and  th e re  was reasonab le  ag reem ent 
b e tw e e n  th e  D E F T  co u n t and  p la te  colony coun t (T ab le  1). This enables the source of 
h igh  n u m b e rs  o f  b a c te ria  to  be  traced  w ithin one w ork ing  day perm itting  speedy 
c o rre c tiv e  ac tio n . P re-filtra tion  th rough  a 5 .0  /am po re  size nylon filter increased  the 
sen s itiv ity  o f  th e  rinse  D E F T  by five tim es giving a sensitivity  o f 200 bac teria  p e r  ml o f 
r in se .

H u n te r  & M cC o rq u o d a le  (1983) rep o rte d  good ag reem en t be tw een  the  D E F T  
c o u n t a n d  p la te  co lony  co u n t o f  b ac te ria  in rinses o f a m ilking m achine cleaned  w ith 
c h lo rin e  b ase d  chem icals (r  = 0 .82) b u t p o o re r ag reem en t in rinses o f  equ ipm en t 
c le a n e d  w ith  acid ified  boiling w ate r (r  =  0.46). T he p o o r ag reem ent be tw een  the 
m e th o d s  fo r  rinses o f  eq u ip m en t c leaned  solely by hea t was probab ly  due to  the 
in c lu sio n  o f  h e a t k illed  b ac te ria  in the  D E F T  coun t. T hese  au thors exam ined  the 
s ta in in g  ch a rac te ris tic s  o f  h ea t killed pu re  cu ltu res in the  D E F T  and essentially  con
firm ed  th e  findings o f P e ttip h e r  & R odrigues (1981). H u n te r  & M cC orquodale  (1983) 
a lso  su g g ested  th a t th e  D E F T  is a useful and  rap id  m eans o f counting bac teria  in rinses 
o f  e q u ip m e n t w h ere  d isin fection  is p rim arily  ach ieved  by ch lorination  b u t, in the 
a b se n c e  o f  a s ta in  w hich can d iffe ren tia te  m ore  accurately  betw een  dead  and  living 
o rg an ism s, its use  is lim ited  w here  d isin fection  is ca rried  o u t solely by heat. In E ngland 
an d  W ales ap p ro x im a te ly  85%  o f farm s use chem ical disinfection and  only 15% 
acid ified  bo iling  w a te r.
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M e d ic a l

P re se n t sta te  o f  a ccep ta n ce  a n d  lik e ly  fu tu r e  o f  D E F T
F o r any  new  tech n iq u e  to  gain accep tance it is advan tageous if the  results are  sim ilar 

to  o r  c o rre la te  w ith  th o se  o f a s tan d a rd  m ethod . T he D E F T  coun t based on the  num ber 
o f  o ra n g e  fluo resc ing  clum ps o f b ac te ria  m eets this req u irem en t fo r raw m ilk, raw  foods 
a n d  u rin e s , as it is in close ag reem en t w ith the p la te  colony count. In the  case o f m ilk, 
th e se  c lum ps m ay co n ta in  from  1 to  50 b ac te ria  depend ing  on the  age o f the  m ilk. T he 
b a c te rio lo g ic a l qu a lity  o f m ilk and o th e r  foods is m ore  closely re la ted  to  the to ta l 
n u m b e r  o f  v iab le  b a c te ria  ra th e r  than  the  num ber o f viable clum ps, as d e te rm in ed  by 
th e  p la te  co lony  co u n t. O nce  the  techn ique  has gained  acceptance it is possib le th a t a 
D E F T  c o u n t based  on th e  n u m b er o f individual o ran g e  fluorescing cells m ay be 
p re fe r re d . T h is shou ld  be  a m ore  realistic  m easure  o f  the bacterio logical sta tus o f the  
p ro d u c t.

It is very  im p o rta n t th a t any new  techn ique  should  perform  well in each lab o ra to ry  
th a t  a tte m p ts  it, o th e rw ise  its cred ib ility  m ay be adversely  affected . T he D E F T  has now 
b e e n  in tro d u c e d  successfully  into num erous labo ra to ries. W here  req u ested , assistance 
w as g iven  and  tra in in g  courses w ere  held  for prospective  users. O nly m inor prob lem s 
w ere  e n c o u n te re d  w ith the  in troduction  o f the techn ique , and these w ere quickly 
re so lv e d . O p e ra to rs  in lab o ra to ries  o th e r  than  the  N IR D  have also ob ta in ed  good 
c o rre la tio n s  b e tw een  the  D E F T  coun t and  p la te  colony coun t. In a co llaborative trial, 
la b o ra to r ie s  genera lly  ach ieved  a co rre la tion  coefficient o f >  0.9 for raw  m ilk 
(P e tt ip h e r , F u lfo rd  & M abb it, 1983). In d ep en d en tly , o p era to rs  in A ustra lia  using 
m in o r  m od ifica tions to  the  p re -tre a tm en t stages ob ta in ed  a co rre la tion  coefficient o f 
0 .95  b e tw e e n  th e  D E F T  coun t and p la te  colony coun t (B eck & H eh ir, 1982). T he 
re a g e n t k its and  d isp en sers  now  available com m ercially  have m ade the in troduction  of 
th e  D E F T  in to  a la b o ra to ry  considerab ly  easier than  previously.

T h e  D E F T  is now  o p e ra tin g  satisfactorily  in m ore than  forty  laborato ries which are  
s itu a te d  in th e  U .K ., E ire , G erm an y , F rance , T he  N eth erlan d s, F in land , D en m ark , 
S w ed en  an d  A u s tra lia . O f these  lab o ra to ries , m ore than  tw enty-five use semi- 
a u to m a te d  co u n tin g . M ore  than  four labo ra to ries  situ a ted  in the  U .K ., Ire land  and 
D e n m a rk  have  successfully  used the D E F T  for m eat and o th e r foods.

It has  b een  estim a ted  th a t app rox im ately  50000 D E F T  counts are m ade p .a . T he 
J e rse y  M ilk  M a rk e tin g  B o ard  was quick to  see the  advantages o f the  D E F r  and has 
b e e n  using th e  sem i-au to m a ted  D EFT coun t to  assess the bacterio logical quality  o f 
fa rm  m ilk  fo r p a y m e n t p u rposes since A pril 1982. Since its in troduction , a considerab le 
im p ro v e m e n t in th e  bacterio log ical quality  o f the incom ing m ilk has been  achieved. In 
a d d itio n , th e  in c reased  speed  o f testing  has b enefitted  the  advisory service, and  the  use of 
m ic ro c o m p u te rs  has g rea tly  im proved  bo th  the  d a ta  sto rage  and reporting . T he D E F T  
has re c e n tly  been  included  in B ritish S tan d ard  4285 ‘M ethods o f M icrobiological 
A n a ly s is  fo r D a iry  P ro d u c ts ’ which gives the  m ethod  o f ‘seal o f app roval’ in the  U .K . It 
is h o p e d  th a t o th e r  co u n tries  will include it in the ir s tan d ard  m ethods. C u rren tly  the 
D E F T  is b e in g  u sed  m ainly  fo r raw  m ilk bu t its use fo r o th e r  foods, m ost n o tab ly , m ea t, 
is in c reas in g . N o  o th e r  m e th o d  can give an accu ra te , sensitive coun t o f b ac teria  in raw  
fo o d s  in as sh o rt a tim e  as the  D EFT.

The DEFT can be used for applications in the medical field for example detecting
bacteria in intravenous fluids (Denyer & Ward, 1983) and to enumerate rapidly bacteria
and somatic cells in urine (Pettipher, 1983).
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T h e  im m e d ia te  p ro sp ec ts  fo r the  D E F T  seem  to  lie in new applications, im proved 
sam p le  p re p a ra tio n , im proved  sensitiv ity  and possibly im proved  rapidity . N ow  tha t the 
m e th o d  is b e in g  w idely  u sed , D E F T  users are  likely to  apply the m ethod  to  d ifferen t 
fo o d s  an d  th e re fo re  find new  applications. D E F T  will no t be suitab le for all p roducts as 
th e re  a re  som e in h e re n t p rob lem s associated  w ith h ea t tre a te d  p roducts, b u t it is still 
p o ssib le  to  g e t usefu l in fo rm ation  using the  m ethod  e .g ., pasteu rized  m ilk. Im prove
m e n ts  in sam p le  p re p a ra tio n  are  possib le e .g ., b lending  to  b reak  up clum ps to  give a 
m o re  rea lis tic  assessm en t o f hygienic quality  and d ifferen t enzym e trea tm en ts  for 
d ifficu lt to  filter p ro d u c ts . Im proved  sensitivity  can be achieved if g rea te r am ounts o f 
sam p le  a re  filte red  w ith o u t increasing  the  back g ro u n d /fo o d  debris. R ecen t w ork at the 
F o o d  R e se a rc h  In s titu te , R ead in g  (R odrigues & K roll, 1985) has show n th a t the 
sen s itiv ity  o f  th e  D E F T  fo r raw  m ilk can be increased  five tim es to  1200 bacteria  
p e r  m l. Im p ro v e d  rap id ity  was also ach ieved  enab ling  the result to  be ob ta ined  in less 
th a n  10  m in .

A n  a re a  w hich is likely to  receive increasing a tten tio n  is the com bination  o f D E F T  
w ith  o th e r  s ta in in g  m eth o d s. T he d iffe ren tia tion  o f G ram  type is possible in the D E F T  
using  a m od ified  G ram  sta in ing  p ro ced u re  w ith acrid ine  o range as the  coun tersta in  
(R o d rig u e s  & K ro ll, 1985). This is particu larly  useful for dairy  applications. If the 
D E F T  co u ld  b e  com bined  w ith im m uno-fluorescence techn iques, then  it w ould  be 
p o ss ib le  to  ge t a  to ta l and  specific coun t o f b ac teria  in a single p rep ara tio n .

T h e  accep tab ility  and  use o f the  D E F T  by m icrobiologists is increasing and the 
m e th o d  is b eco m in g  w idely used in the  dairy , food and  beverage industries. A u to 
m a tio n  o f  th e  tech n iq u e  is likely to  speed  its in troduction  bu t it should no t be fo rgo tten  
th a t no  a u to m a tio n  is req u ired  if only a sm all n u m b er (3 0 -4 0 ) o f sam ples are analysed 
daily . T h e  D E F T  has the  advan tage  th a t as a m anual techn ique it can be used fo r the 
ra p id  asse ssm en t o f  sm all num bers o f sam ples o f d iffe ren t foods in less than  30 m in, 
w h e re a s  a fully  a u to m a te d  D E F T  in stru m en t, because o f its sensitivity, has the 
p o te n tia l to  b eco m e th e  fu tu re  m eth o d  o f choice fo r the  bacterio logical analysis o f milk 
in c e n tra liz e d  te stin g  schem es.
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b o v i n e  m u s c l e .  I I .  I n f l u e n c e  o n  s o l u b i l i t y ,  v i s c o s i t y  
a n d  e l e c t r o p h o r e t i c  b e h a v i o u r  o f  m y o f i b r i l l a r  p r o t e i n s

J .  R .  W A G N E R  a n d  M .  C .  A Ñ Ó N

Summary

T h e  e ffe c t o f  fro z e n  s to rag e  on  th e  solubility , viscosity, rheological and e lectrophoretic  
b e h a v io u r  o f  m yofibrils w as stud ied . T h e  so lubility , viscosity, swelling and th ixotropic 
b e h a v io u r  o f  m yofib rils show ed  a p e rio d  in w hich it was constan t o r changed slowly, and 
th e n  b e g a n  to  d e c re a se . T h e  resu lts o b ta in ed  by polyacrylam ide gel electrophoresis 
in d ic a te d  th a t  d u rin g  s to rag e  th e  fo rm atio n  o f aggregates occurred  in addition  to  
a l te ra t io n  in  th e  a c tin -m y o s in  in te rac tio n . T hese  resu lts w ere co rre la ted  w ith those 
o b ta in e d  fro m  m e a su re m e n ts  o f  viscosity, rheological behav iour and swelling of 
m y o fib rils  in  so lu tio n .

Introduction

D u rin g  freez in g  an d  fro zen  s to rag e , changes in the  quality  o f m eat and fish are evident. 
T h e  c o n se q u e n c e  o f  th e se  changes m ay be loss o f w ater-ho ld ing  capacity , undesirab le 
c h a n g e s  in  te x tu re  and  d e v e lo p m en t o f  rancid ity  (F ennem a, Pow rie & M arth , 1973).

M o st o f  th e  s tu d ie s  in d ica te  th a t d en a tu ra tio n  o f m uscle p ro te ins, especially m yo
fib rilla r  o n e s , p lay s an  im p o rta n t ro le  in the  d e te rio ra tio n  o f m eat quality  during  frozen 
s to ra g e . C h a n g e s  in th e  s tru c tu re  o f  m yofibrillar p ro te in s , decrease o f solubility and 
a l te ra t io n s  in  th e  rh eo lo g ica l b eh av io u r o f the  m yofibrillar p ro te ins have been  rep o rted  
(M a ts u m o to , 1980a).

M o s t o f  th e  s tu d ie s  have  been  carried  o u t w ith fish m uscles (K ing, 1966; C onnell, 
1968; S ik o rsk i, O lley  &  K ostuch , 1976; M atsu m o to , 1980b) although a little w ork has 
b e e n  p e r fo rm e d  o n  ch ick en  (K h an , 1966; Y am am o to , S am ejim a&  Y asui, 1977), rabb it 
( I to ,  S u n g  & F u k a z a w a , 1978; K ang , I to  & Fukazaw a, 1983) and bovine m uscles 
(A w a d , P o w rie  & F e n n e m a , 1968; R ahelic , Pribis & Skenderovic, 1974; C arro ll, 
C a v a n a u g h  &  R o re r , 1981). In th e  p re sen t w ork  we re p o rt the results ob ta in ed  on the 
e ffe c ts  o f  fro z e n  s to ra g e  a t d iffe ren t te m p e ra tu re s  on solubility, w ater absorp tion  
c a p a c ity  a n d  rh e o lo g ica l and  e lec tro p h o re tic  behav iou r o f m yofibrillar p ro te in s o f 
b o v in e  m u sc le  fro z e n  a t tw o d iffe ren t freezing  ra tes.

Materials and methods

M e a t s a m p le  p re p a ra tio n
E x p e r im e n ts  w ere  p e rfo rm e d  w ithin 48 h r post-m ortem  on sem itendinosus m uscle 

fro m  s te e rs , fre sh  an d  frozen  at high and  low ra te . M eat slices w ere frozen as described 
in  p re v io u s  s tu d ies  (B ev ilacqua , Z aritzk y  & C álvelo , 1979; W agner & A ñ ó n , 1985). The
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(CONICET-CIC-UNLP). Facultad de Ciencias Exactas 47 y 115 La Plata (1900). Argentina.
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fre e z in g  p ro c e ss  w as e n d ed  w hen sam ples reached  —25°C. A characteristic  freezing 
tim e  ( tc ) w as assigned  to  each slice (B evilacqua et al., 1979). H igh freezing ra tes 
c o r re s p o n d  to  tc < 5 m in and  low freezing  ra tes to  fc >  60 m in. T he m eat slices w ere 
s to re d  in p o ly e th y le n e  bags at —5 ± 1 . —10±1 and —20±1°C . F o r experim ental 
p u rp o s e s , th e  frozen  sam ples w ere thaw ed  overn igh t at 4°C. M easurem ents w ere 
c a r r ie d  o u t  on  th e  in n e r p a rt o f the  m eat slices, avoiding the  surface tissue.

Preparation o f  myofibrils
M yofib rils  w ere  p re p a re d  accord ing  to  the p rocedu re  described by G oll & R obson  

(1967) fro m  2 g o f  g ro u n d  m uscle. T he purified  m yofibrils w ere suspended  in 0.15 m  KC1 
-  0 .03  M T ris -H C l. p H  7 .6  (so lu tion  1). P ro te in  concen tra tion  was determ ined  by the 
m o d ified  b iu re t m e th o d  (R o b so n , G oll & T em p le , 1968).

Solubility o f m vofibrillar proteins
M y o fib rilla r  p ro te in s  w ere  ex trac ted  from  iso la ted  myofibrils with 0.6 M KC1 -  0.03 

M T ris -H C l a t p H  7 .6  (so lu tion  2). P rep a ra tio n s  w ere gently  stirred  overn igh t at 4°C, 
c e n tr ifu g e d  a t 1 7 0 0 0 x g  fo r 15 m in and  the  am o u n t o f ex trac ted  p ro te ins in the  resu lting  
s u p e rn a ta n t  m e a su re d .

Myofibrillar A TPase activity measurements
T h e  A T P a se  activ ity  in the  p resence  o f  C a2+ and  M g2+ was assayed according to  the 

p ro c e d u re  d e sc rib e d  by H ay , C urrie  & W olf (1973).

Viscosity
T h e  v iscosity  and  th e  flow b eh av io u r o f purified myofibrils suspended in solu tion  2 

w as d e te rm in e d  a t 10°C w ith a H aak e  R o tav isco  RV 2 V iscom eter using a sensor system  
N V  a n d  a ro to r  sp eed  o f  0 to  64 rpm . A  P G  142 H aake  p rogram m er was used. T he 
re su ltin g  flow  cu rv es w ere  reco rd ed  w ith a H ew le tt Packard  y-x-t H aake  recorder. 

A p p a re n t  v iscosity  (i7aPP) w as ca lcu la ted  as follows:

T?app =  G \ —  (m P a .se c )

w h e re : G =  in s tru m e n t fac to r (m P a.sec /sca le  grad , m in); S =  scale value (scale g rad .) 
a n d  n =  ro to r  sp eed  (p e r  m in).

T h e  re d u c e d  viscosity  (i7red) o f  the  p rep a ra tio n  was calculated as the ap p aren t 
v iscosity  (r/app) d iv id ed  by th e  co n cen tra tio n  o f m yofibrils (m g/m l).

Water absorption capacity
M y o fib rils  su sp e n d e d  in so lu tion  1 w ere cen trifuged  at 3000x g  for 10 min. T he 

p e lle t  (W |) w as re su sp e n d e d  w ith 8 volum es o f distilled w ater and gently stirred  at 4°C 
o v e rn ig h t. T h e  v iscous suspension  o b ta in ed  was cen trifuged  at 3 0 0 0 x g  for 10 m in. T he 
p e lle t  w as w e ig h ed  (m2). T he  w a te r abso rp tion  capacity  was calculated as follows:

w ,  = P h Z H L  o r  w ,  =  P h Z P L

w h e re  m = w e ig h t o f  m yofibrils (m g); m, =  pelle t w eight of m yofibrils suspended  in 
s o lu tio n  1 ( m g ) ;m 2 =  pe lle t w eight o f  m yofibrils suspended  in w ater (mg).
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S o d iu m  d o d e c y l  su lp h a te  p o ly a c ry la m id e  ge l e lec trophoresis  (SD S -P A G E )
S lab  S D S  p o ly ac ry lam id e  gel e lec tropho res is  was carried  ou t using the Laem m li 

d is c o n tin u o u s  b u ffe r  system  (L aem m li, 1970; L aem m li & Favre, 1973) at a gel con
c e n tra t io n  o f  10% . A  P harm ac ia  gel e lec tropho resis  appara tu s G E -2/4  was used. 
M y o fib rils  w e re  su sp e n d e d  in 10% glycerol, 0 .001%  brom opheno l b lue , 2%  SD S. 0.125 
M T ris -H C l b u ffe r  so lu tio n  (pH  6 .8 ) w ith and  w ithou t 5%  2-m ercaptoethanoI (M E ) for 
5 m in  a t 100°C. T h e  gels w ere  fixed in isop ropano l/ace tic  ac id /w ater (25 :10 :65 , by vol) 
a n d  w e re  s ta in e d  w ith  0 .02%  C oom assie  B rillian t B lue R-250 in 7 .5%  acetic acid. G els 
w e re  sc a n n e d  in a S h im adzu  dual w avelength  T L C  S canner CS-910 (sam ple w avelength  
570 nm  a n d  re fe re n c e  w aveleng th  395 nm ) a ttach ed  to  a C -R  IA  C hrom atopac  
S h im a d z u  in te g ra to r . T h e  gels w ere  rep ro d u c ib le  and all peaks m easured  w ere w ithin 
fu ll sca le . M o le c u la r  w eights o f  the p ro te in  bands w ere estim ated  by use o f  the 
P h a rm a c ia  p ro te in  m o lecu la r w eight ca lib ra tion  kit.

S ta tis tic a l m e th o d s
V a ria n c e  ana ly sis  (A N O V A ) a t a 95%  confidence level was used fo r statistical 

e v a lu a tio n  o f  d a ta . T h e  m ean  values w ere o f  th ree  to six replicates carried  o u t on 
p re p a ra tio n s  from  d iffe re n t m uscles. N o  significant differences w ere de tec ted  am ong 
m u sc le s  fro m  d iffe re n t an im als. T h e  least significant difference (LSD ) w as calculated .

Results and discussion

S o lu b i l i ty  o f  m y o fib r i ls  in  0 .6  M K C l so lu tio n
F ig u re  1 show s th e  va ria tio n  o f th e  solubility  o f m yofibrils in 0 .6  M KCl solution  w ith 

th e  tim e  d u rin g  s to ra g e  a t - 5 ,  - 1 0  and  -2 0 ° C  follow ing both  fast and slow freezing. It

Figure 1. The time-dependent change of solubility of myofibrils during frozen storage of muscle 
at -2 0 . -1 0  and —5°C; for fast freezing (•) and slow freezing (O) ■ Af0 and M  are respectively the 
solubility of myofibrils isolated from fresh and frozen stored muscle. M 0 =  81.0±5.8. Each 
value is an average of a minimum of four assays (maximum standard deviation: 10.5). 
(l-S-d-0.05 = 9.2).

37
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can be seen that the loss of myofibrillar solubility was greater at the higher storage 
temperatures. At -5 °C  the solubility of myofibrils decreased from the first weeks; at 
— 10°C the solubility began to decrease markedly after a period of about 6 weeks 
whereas at — 20°C there appeared to be an initial period of slightly increased solubility 
which lasted for about 13 weeks, then solubility decreased slowly. Statistical analysis 
showed significant differences for both time and temperature of storage 
(l.s.d.o.o5 = 9 .2 ) . In Fig. 1 it can be seen that at —5 and — 10°C the loss of solubility 
appeared higher in the case of fast freezing (l.s.d.0 05 =  2.9), while at -20°C  the reverse 
appeared true (l.s.d .0.05 =  4.2). The yield of myofibrils did not change during storage.

In order to estimate the kinetics of insolubilization of myofibrils during frozen 
storage, the natural logarithm of the percentage of soluble myofibrilar protein (in 
relation to fresh muscle) was plotted against the time of storage, both for fast and slow 
freezing (Fig. 2). Two straight lines could be fitted to the points obtained for each 
tem perature, suggesting a process of two first-order stages; an initial stage lasting 
approximately 13 weeks, in which the solubility remains constant (—20°C) or decreases 
slowly ( - 5  and -  10°C), and a second faster stage. The values of the rate constants in 
this second stage were, for fast freezing, k =  0.043; 0.042 and 0.012/week at —5, —10 
and —20°C, respectively; and for slow freezing k =  0.042; 0.040 and 0.014 at —5, —10 
and -2 0 °C , respectively. From these values the energy of activation (£a ) was cal
culated by means of the Arrhenius equation. Values for E a of 12.6 and 10.5 kcal/mol 
were obtained for fast and slow freezing, respectively. In the first stage the rate of 
insolubilization at -5 °C  was more than three times that at — 10°C. At these two 
temperatures the rates were comparable in the second stage, in which they were about 
three times as high as at -20°C .

Figure 2. Estimation of the kinetics of insolubilization of myofibrils with the time of storage at
— 5°C (•■ ■ ),— 10°C(-----) and - 20°C(----- ); for fast freezing (•) and slow freezing (O) • M„ and
M  are respectively the solubility of myofibils isolated from fresh and frozen stored muscle. Each 
value is an average of a minimum of four assays (Maximum standard deviation: 0.1).

Comparison of these results to those obtained by measuring the ATPase activity and 
the enthalpy of dénaturation (AH )  (Wagner & Anón, 1986), indicate that during the 
slow step of insolubilization the greatest decrease in ATPase activity and AH  take place,
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implying that rapid dénaturation of the myofibrillar proteins (mainly myosin) takes 
place. Conversely, during the second stage the decrease in ATPase activity and A/7 is 
slow yet a rapid decrease in the solubility of myofibrillar proteins takes place. Thus, 
dénaturation of myofibrillar proteins appears to occur prior to the formation of 
insoluble aggregates. As an illustration of this phenomenon. Fig. 3 shows the expo
nential correlation between the values of solubility and myofibrillar ATPase activity; it 
can be seen that the solubility decreased rapidly only after the ATPase activity, in the 
presence of Ca2+ or Mg2+, had decreased to about 80 and 60% of the initial values 
respectively.

y-a\l-e cl)

Figure 3. Relationship between myofibrillar solubility and myofibrillar ATPase activity
(A/A„) in the presence of Mg2+ or Ca-+: for fast freezing (•) and slow freezing (Of • Each value 
is a mean of at least four assays.

V is c o s ity  a n d  rh e o lo g ic a l b e h a v io u r  o f  the m yo fib r ils  in 0 .6  M K C I so lu tion
Figure 4 depicts the effect of time and temperature of storage of frozen muscle upon 

the reduced viscosity (pred) of the myofibrils in 0.6 M KCI solution. The reduced 
viscosity did not change significantly upon freezing (l.s.d.0 05 =  0.32) but was modified 
by protracted storage. During the first 13 weeks, r\Kd tended to remain constant at all 
three temperatures. After this period, r)Ted decreased rapidly at - 5  and — 10°C and 
more slowly at -2 0 °C  (l.s.d.0.„r, =  0.26). At 47 weeks of storage the decrease in 
viscosity at — 20°C was only 35% of the initial value but had decreased by 70 and 76% at 
- 5  and — 10°C, respectively.

The rheological behaviour of myofibrils in 0.6 M KCI solution was not modified by 
freezing itself, though it changed with the time of storage. In the case of slowly frozen 
muscle with no storage, the myofibrillar solution behaved as a pseudoplastic, thixo
tropic liquid (Fig. 5). The myofibrils of both fresh muscle and non-stored fast frozen 
muscle behaved similarly (results not shown). The rheological behaviour changed 
gradually with the storage time from a pseudoplastic, thixotropic liquid to a newtonian, 
non-thixotropic one; the time needed to complete this process varied according to
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Figure 4. Effect of frozen storage on the reduced viscosity (\ed) of myofibrils isolated from 
fresh ('©). fast frozen (• ) and slow frozen (O) muscle, suspended in solution 2 . Reduced 
viscosity was calculated as follows:

T7apri at 64/min (mPa.sec)
T)rcd myofibrils concentration (mg/ml)

was calculated using the maximum S value reached. Myofibrils concentration was 10-12' dPP
mg/ml. Each value is an average of at least three assays (maximum standard deviation: 0.31). 
(l.s.d.,, =  0.26).

Figure 5. Flow curves obtained with myofibrils suspended in solution 2. Myofibrils con
centration: 10-12 mg/ml. (a) Slow frozen muscle without storage, (b). (c) and (d) Slow frozen 
muscle stored 26 weeks at -20 . -  10 and — 5°C. respectively. The programme used was:

0 —» 64/min 2 rpm 
64/min 1 rpm 

6 4 ^  0/min 2 rpm
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t ie  temperature. Thus, it is seen in Fig. 5 that at 26 weeks of storage the behaviour of the 
myofibrils was already newtonian in muscle stored at -5 °C , while at -10°C  the 
pseudoplastic behaviour and thixotropy, though diminished, were still noticeable. 
Flowever, at -2 0 °C , though the viscosity decreases (Fig. 4), the rheological behaviour 
was not greatly altered.

The water absorbing capacity or swelling of the myofibrils was also determined. 
With fast and with slow freezing, the swelling ability decreased by 9 and 14%, 
respectively. During storage, swelling of myofibrils (in water or in solution 1) exhibited 
similar behaviour to that observed with the reduced viscosity, and a linear correlation 
was found between these two properties (Fig. 6).

Figure 6. Relationship between water absorption capacity and reduced viscosity of myofibrils. 
The water absorption capacity was measured on myofibrils suspended in water (A) and solution 
1(B). The reduced viscosity was measured on mvofibrils suspended in solution 2. •: Myofibrils 
from fast frozen muscle. O', myofibrils from slow frozen muscle. A; myofibrils from fresh 
muscle. Each value is an average of three assays as a minimum (maximum standard deviation: 
8.0 (A) and 1.5 (B)). r: Correlation coefficient.

E le c tr o p h o r e s is  in  p o ly a c r y la m id e  gels
Myofibrils isolated respectively from fresh, frozen and stored muscle were studied 

by means o f electrophoresis in 10% polyacrylamide gels after being treated with SDS or 
SD S +  M E. Figure 7 shows the electrophoretic patterns of the myofibrils of fresh muscle 
(a and b), fast frozen muscle (c and d) and slow frozen muscle (e and f); the main 
myofibrillar proteins are shown. It is seen that in the samples treated with SD S+M E  (b, 
d and f) the area under the myosin peak (MHC) is greater than in those treated with 
SD S alone (a, c and e) (similar differences are seen in the areas under the peak AM). A 
possible explanation is that, when the myofibrils are in 0.6 M KC1 solution, the 
molecules of myosin and actin are induced to form actomyosin filaments (AM)



554 J. R . W a g n er  a n d  M . C. A n o n

Figure 7. Densitograms of the SDS polyacrylamide gel electrophoretograms from myofibrils 
suspended in solution 2. Samples a, c and e were treated with SDS and samples, b. d and f with 
SDS +  ME. respectively, s: Loading sample point: d.f.: dye front: s -» 0: stacking gel AM. 
filaments of actomyosin; MHC. myosin heavy chain; a-Ac. a-actinin and A. actin. (a), (b):
Fresh muscle: (c). (d): fast frozen muscle without storage; (e). (f): slow frozen muscle without 
storage.

(Matsumoto, 1980a). Disulphide bridges would be involved in the aggregate’s forma
tion since the peak AM disappeared when the samples were treated with M E. The 
disappearance correlated with increased amounts of myosin heavy chain (MHC) and 
actin (A ) entering the gel. The ratio between the areas under peak MHC, with and 
without M E for the same sample, yields information about the actin-myosin 
interaction. The values of these ratios were 1.37, 1.15 and 0.93 for myofibrils from 
fresh, fast frozen and slow frozen muscle. Thus there appears to be a greater decrease in 
the actin-myosin interaction in slow frozen muscle than in the fast frozen samples 
(notice that the area under the peak AM is smaller for the slow frozen samples than for 
the fast frozen ones). Similar differences were found in the decrease of myofibrillar 
M g2+ ATPase activity following fast and slow freezing (Wagner & Anon, 1985).
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The ratio of the areas under peak MHC and peak A (actin), both with and without 
M E is, for myofibrils of fresh muscle, approximately 4, which is the ratio of the weights 
of the heavy chain of myosin and actin; i.e ., in fresh muscle the heavy chain of myosin 
and actin interact in a 1:1 molar ratio to form the actomyosin complex. After fast or 
slow freezing the ratios are 3.3 and 2.3 respectively, presumably due to the modification 
of the actin-m yosin interaction. Figures 8a,b and c show the percent variation of peak 
MFIC, with respect to the total area of the gel, during storage at -2 0 , - 1 0  and -5°C , 
respectively, for fast and slow frozen muscle. As a result of freezing, increased MHC is 
seen, supporting the contention that partial loss of the actin-myosin interaction occurs.

Storage time (weeks)

Figure 8. Effect of the frozen storage on the area of myosin heavy chain from the 
electrophoretic densitograms of myofibrils. • . A: Myofibrils from fast frozen muscle treated 
with SDS and SDS +  ME respectively. O. A: myofibrils from slow frozen muscle treated with 
SDS and SDS + ME respectively. ©. A: myofibrils from fresh muscle treated with SDS and 
SDS +  ME. respectively.
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During storage at — 20°C (Fig. 8a) there was an increase, between weeks4 and 13, of 
the difference between the values of MHC with and without M E, both for fast and slow 
freezing; this may be attributed to an increased interaction between actin and myosin 
(which might indicate an alteration of the myosin head and/or actin). At 47 weeks at 
— 20°C there is little evidence for any actin-myosin interaction. However, effects of 
storage at —10 and —5°C are quite different. At — 10°C, there is already at 26 weeks 
little evidence of actin-myosin interaction, but at 38 weeks the difference between the 
values of MHC with and without ME can again be observed suggesting the formation of 
disulphide bridges in the insoluble aggregates. Furthermore, there is a decrease in 
M H C area in the presence of M E which would indicate a breakdown of the myosin 
heavy chain (in accordance with an increase of bands corresponding to polypeptides of 
low molecular weight in the gels). Since there is no evidence for the formation of 
disulphide bridges at 26 weeks but decreased myofibrillar solubility is observed (Fig. 1), 
the insoluble aggregates would appear to be formed by non-covalent bonds only.

On storage at — 5°C, the time for total loss of actin-myosin interaction is reduced to 
13 weeks and there is formation of disulphide bridges at 26 weeks. At 36 weeks, the 
myosin breakdowns and so the value of MHC with ME decreases and an increase in the 
concentration of polypeptides of low molecular weight is seen (results not shown).

At all three temperatures, prior to the formation of disulphide bridges, there must 
be a formation of insoluble aggregates which involve non-covalent bonds, leading to the 
observed decrease in myofibrillar solubility. An analysis of the actin area (A), with and 
without M E (Figs 9a,b and c), shows that at —20°C there are no significant changes due 
to the presence of M E with either freezing or storage. However, at — 10°C there are, at 
26 weeks, decreased A values for samples without ME. This suggests that disulphide 
bridges are present in the actin aggregates; these effects are more marked at 38 weeks. 
At —5°C the loss of the actin-myosin interaction is observed at 13 weeks. At 26 and 36 
weeks there is a decrease of A with and without M E, thus indicating the formation of 
disulphide bridges and actin breakdown.

Conclusions

An objective of this work was to relate the present results to the changes of ATPase 
activity and of enthalpy of denaturation (AH )  observed during freezing and frozen 
storage of beef muscle (Wagner & Añón, 1985; 1986).

From Figs 1 and 2 it can be seen that during the first 13 weeks of storage the solubility 
of the myofibrils remained constant (at -20°C ) or fell slowly (at - 5  or — 10°C), 
thereafter the solubility rapidly decreased. The results obtained suggest a process of 
two first-order stages. However, the values of ATPase activity and AH  both showed an 
initial stage of rapid denaturation (4-13  weeks) and a subsequent slower phase 
(W agner & Anón, 1986). Thus, denaturation of myosin occurs prior to the formation of 
insoluble aggregates.

During the first 13 weeks the viscosity and the swelling of myofibrils tended to 
remain constant at all three storage temperatures; although at -5 °C  the myofibrillar 
solubility decreases from the first weeks on (Figs 1, 4 and 6). This indicates the 
formation of aggregates with few intermolecular bonds, allowing a high degree of 
hydration. After 13 weeks of storage, the viscosity, swelling and thixotropic effects 
rapidly decrease (Figs 4, 5 and 6) due to the formation of more compact, less hydrated 
aggregates which include in their structure a higher number of bonds. Breakdown of
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Figure 9. Effect of the frozen storage on the area of actin from the electrophoretic densitograms 
of myofibrils. • . A: Myofibrils from fast frozen muscle treated with SDS and SDS + ME 
respectively. O. A: myofibrils from slow frozen muscle treated with SDS and SDS+ME. 
respectively. ©. A: myofibrils from fresh muscle treated with SDS and SDS+ME. respectively.

myosin and actin, indicated by the increase of polypeptides of low molecular weights in 
the polyacrylamide gels, contributes to the decrease of these parameters towards the 
end of the storage period.

The electrophoretograms (Figs 7, 8 and 9) indicate that the first change observed 
after freezing is an alteration in the actin-myosin interaction. These results agree with 
previous studies carried out with rabbit muscle (Ito e t a/., 1978; Kang e t a/., 1983). 
During storage the formation of aggregates, probably formed by actomyosin, myosin 
and/or actin, occurs in addition to this phenomenon, first through non-covalent bonds, 
and thereafter by means of disulphide bridges (only at —5 and — 10°C). King (1966), 
Connell (1968) and Matsumoto (1980a,b) have reported the formation of aggregates 
during storage of frozen fish muscle. According to Matsumoto (1980a) the aggregation 
is caused by the progressive formation of hydrogen bonds, ionic bonds, hydrophobic 
interactions and disulphide bridges.

Changes in ATPase activity, A/7 (Wagner & Anon, 1986) and water absorption 
capacity due to the freezing rate were observed, while during frozen storage, differences
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between muscles frozen at fast and slow freezing rate were only observed in the 
solubility of myofibrillar proteins. The origin of this effect is being studied in our 
laboratory.
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Summary

Chloride, nitrate, and calcium ion-selective electrodes were tested and found satis
factory for the determination of the corresponding ions in highly refined white sugar, 
molasses and other impure sugar samples at different stages of sugar manufacturing or 
refining. The interferences by B r- and I ions in CD determination were eliminated by 
oxidation with 3 M HNO,3 and passing air to remove the free Br2 and I2 formed. The C F  
concentration was then determined with a chloride-selective electrode against a cali
bration curve. Chloride should not be determined by ashing sugar, since this causes high 
losses of Cl- . It was found that N 0 3 and free Ca2+ ions could be determined directly in 
the sugar solution against corresponding calibration curves. Total calcium was deter
mined after ashing of sugar samples. The ash was dissolved in 0.1 M HC1 and passed 
through an anion exchange resin to remove POij-  and SiOrf ions, and Ca2+ was 
determined as before. Bound calcium was obtained by subtracting values of free from 
total calcium. Determination of bound calcium was useful to monitor the process of 
liming. For comparison, the three ions were also determined with acceptable precision 
without removing interfering ions using the method of standard addition and Gran’s 
plot. The errors of determination for both direct and standard addition techniques were 
3%  for C F  and N 0 3 and 1 -5 %  for Ca2+.

Introduction

Ion-selective electrodes have proved to be ideal sensors for use in the analysis of 
industrial samples or in the control of a particular constituent in a process stream. The 
advantages they offer including fast response to changes in analyte concentration, and 
insensitivity to sample colour, viscosity or suspended solids (Thomas, 1980-1984), 
were the important reasons for their adoption in many applications.

The present work considers analysis of C F , N 0 3 and Ca2+ in sugar samples and 
procedures with minimum pretreatment and reasonable accuracy are suggested.

The standard method for CF determination in sugar was potentiometric titration 
with A g N 0 3 using a Ag wire electrode. Deitz & Carpenter (1963), and Stachenko
(1970) reported that Br and F  were not present in sugar to such levels as to interfere. 
This is true in pure white sugar, but in the presence of these ions, in less pure samples of 
sugar or molasses, the method failed to give accurate results.

Pommez & Stachenko (1970), Brown & Pommez (1974), and later Juvier, 
Fernandez & Armas (1982) used a chloride ion selective electrode for monitoring the 
affination process in the sugar industry. These workers did not recommend procedures 
for accurate determination of CF ion in sugar samples, especially when significant
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quantities of Br and I were present. Such objectives have been undertaken in the 
present work.

The second ion considered was NO:!. It is important to monitor its level as it can 
cause a reduction of sugar yield, if present in large quantities (McGaslin, Franklin & 
Dillon, 1970). Previous spectrophotometric methods for the determination of NO7 

(W ood, Armstrong & Richard, 1967) had several drawbacks. They were lengthy and 
suffered from low accuracy. Nitrate ion-selective electrodes, however, have been found 
useful for analysis of beet root (McGaslin, e t a l., 1970) and plant extracts (Jaroslav & 
Jiri. 1979). No application of this electrode for sugar samples could be traced in the 
literature up to 1983.

The third sugar analyte studied was calcium. This ion has, usually, been determined 
by E D T A  (G ee, Domingues & Deitz, 1974) in the range 5 -1 0  ppm. The method failed 
when applied for higher levels of Ca2+ due to the precipitation of Ca-sacchrate 
(C 12H2 2 0 11. 3CaO) especially at pH >  11 (Mark, McKetta & Othmer, 1969 and 
Bobrovnik, Voloshanenko & Khorunzhaya, 1981).

Other methods for Ca2+ determination in sugar include the indirect polarographic 
method (Iwasa, 1970) and atomic absorption (Lew, 1974). These methods, although 
useful for white refined sugar (Schiweck & Kilcioglu, 1969, ICUMSA, 1974), are not 
appropriate for high levels of Ca2̂  in sugar syrups.

The calcium ion-selective electrode has only been used in sugar analysis by Juvier, 
Fernandez & Armas (1981), in cane juice. The present work shows the importance of a 
calcium electrode for control of the liming process. It presents procedures for the 
determination of both free and bound calcium in sugar samples.

Materials and methods

R e a g e n ts . All chemicals were analytical grade, doubly distilled water was used 
throughout and all readings were taken at room temperature.

Io n ic  s tr e n g th  a d ju s te rs  (I S A ) .  5 M NaNO.,, for C L , 2 M (NH4)2S 0 4 for N ():i and 4 M 
KCI solution for Ca2+ determination. Two ml of the appropriate solution were added to 
each 100 ml portion of a standard or a sample to adjust the ionic strength. Nitrate 
solutions were preserved with 1 Mboric acid (1 ml/100 ml of standard or sample).

E x tra c tio n  rea g en t f o r  N O 3. (Orion Methods Manual.) A solution of 16.66 g 
A12( S 0 4);! • !8H 20 ,  1.24 g If .BO.,. 4.67 g Ag2S 0 4, 2.43 g NH2S 0 3H (sulphamic acid) 
in 1 litre of water, adjusted to pH 3 with H2S 0 4.

S ta n d a r d  s o lu t io n s
One mg/ml each of C L  and NO3 solutions were prepared by dissolving 1.74 g NaCl 

and 6.070 g NaNO:i (dried at 110°C) respectively in 1 litre water. One thousand mg/ml 
C a2+ solution was prepared by diluting a solution of Ca2+ (0.1 m ) provided by Orion. 
Other concentrations of these solutions were prepared by serial dilutions.

A p p a r a tu s
A digital pH meter model 701 A, and the following ion-selective electrodes: chloride 

model 94-17, iodide model 94-53, nitrate model 93-07 and calcium model 93-20 and 
reference electrodes single and double junction models 90-01 and 90-02, respectively 
were all supplied by Orion Research Inc. Mass. U .S .A .; the bromide electrode model 
F 1022 Br from Radiometer, Copenhagen.
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S a m p lin g
Samples were taken from Sulaimaniyah Factory which was producing sugar from 

two sources: (a) from local beet and (b) from imported raw sugar. A systematic 
procedure was used according to Tomlinson (1959) for taking the following samples 
directly from the factory: (a) white sugar (W .S.), (b) syrup-B: the juice produced after 
recycling the residual liquid from the resulting pure white sugar, (c) sugar-C: was the 
impure sugar produced from syrup-B, (d) molasses: the final impure residue.

P ro c e d u re s

(1) D e te rm in a tio n  o f  C l~ ion  in su g a r  in the p re sen ce  o f  B r  a n d  /

M e th o d  A :  D ire c t P o ten tio m e try . Oxidation of Br and I -  with HNO:i. The sugar 
sample (around 5 g) was dissolved in minimum quantities (about 4nrl) of 3 m H N 0 3 in a 
suitable test tube. Air was bubbled (at a rate of 100-120 bubbles per minute) for 20 min 
to expel B r2 and I2 formed. The pH was then adjusted to 4 with 10 M NaOH and ionic 
strength to 0.5 M with NaNO.-j taking into consideration the quantities of H N 0 3 and 
NaOH added for this purpose. The volume was made up to 100 ml in a volumetric flask. 
Chloride electrode readings were taken at the same time as those of the standard Cl" 
solutions for preparing the calibration curve. The concentration of Cl ion in the sugar 
solution in (mg/1) was read from the calibration curve and the amount of Cl in the solid 
sugar samples was calculated.

M e th o d  B : S ta n d a rd  A d d itio n .  A 25 ml portion (or Co) of 5% w/v sugar sample was 
adjusted to pH 4 and ionic strength to 0.5 M with N aN 03 solution. The potential (E ) of 
this solution was measured with the chloride electrode. One ml (or Fs) of a standard 
solution of mg/ml C l-  (Cs) with the same pH and ionic strength was added and the 
potential was read again. This addition was repeated at least five times. Gran’s function, 
F, where F =  (F 0+ F s) 10"£/s, (x =  slope of the electrode) was plotted against the 
volume of the standard added. The straight line produced was drawn, ignoring the first 
two points if they were not on this line, and extrapolated back to cut the volume axis at 
F e (zero value of F). The concentration of Cl" in the original sugar solution (C0 mg/1) 
was found as follows:

Co =  (F ex C s)/F 0.

The ration of C l" in solid sugar sample was calculated. 2

(2 ) D e te r m in a tio n  o f  N O :i in su g a r

P ro c e d u re  A :  D ire c t d e te rm in a tio n  o f  N O 3 . The sugar sample (5 g) was dissolved in 
3 0 -4 0  ml water, ionic strength was adjusted to 0.04 M with (NH ,)2S 0 3, pH to 4 and the 
volume to 100 ml. Nitrate and reference electrodes were immersed into the solution and 
stirring was started. The potential was measured accurately and NO./ level was read 
against a calibration curve prepared under the same conditions and on the same day.

P ro c e d u re  B : S ta n d a rd  a d d itio n  m e th o d . The potential (£ )  of 5% w/v sugar solution 
25 ml was read as in procedure A. One ml (F s) of 100 ppm NO/ (Cs) standard was 
added, well stirred, and the potential was again recorded. The addition was repeated at 
least five times. Gran's function, E, where F =  (F 0+ F ;) . 10“E/i' was then plotted 
against F s. The straight line obtained was extrapolated back to cut the volume axis at Fc



(zero value of F ). The concentration of NO3 in the sugar solution (Cx) was calculated as 
follows:

Cx =  ( V .X Q / T

The ratio of N O 3 in sugar for both procedures was calculated.
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3 -D e te r m in a tio n  o f  fre e , to ta l a n d  b o u n d  Ca in sugar

P r o c e d u r e  A :  D e te rm in a tio n  o f  fr e e  Ca. The sugar sample (5 g) was weighed 
accurately and dissolved in water in a beaker. Two ml of the ionic strength adjuster and 
water were added until the volume was about 80 ml. The pH of the solution was 
adjusted to between 5 .5—6.5 with 0.1 M HC1 or NaOH solution. The solution was 
diluted to 100 ml with water. The potential of the solution was read with the calcium 
electrode and Ca2+ ion concentration (Cx mg/1) in the solution was obtained from the 
calibration curve. The level of Ca in solid sugar samples was calculated.

P ro c e d u re  B : D e te rm in a tio n  o f  to ta l Ca. The sugar sample (5 g) was ignited slowly in 
a silica crucible, first on a small flame to avoid any loss, then was completed at 900°C in a 
muffle furnace for 2 hr. The residue, dissolved in a minimum quantity of 0 .1 M HC1, was 
passed through a strong anion exchange resin (Dowex 2-X8 in the Cl- form, 15-20 cm 
long column, 1 cm diam.) at a rate of 1 ml/min. The column was washed thoroughly with 
distilled water until a test for Cl-  with Ag+ ion was negative. Ionic strength and pH were 
then adjusted and the concentration of Ca2+ was obtained as in procedure A.

P ro c e d u re  C: S ta n d a rd  a d d itio n  m e th o d . This was carried out as described under 
procedure B (no. 1 for C l” determination) except that F  = (T 0+ C s) 10£/s. The method 
was used for both free and total Ca determination.

Results and discussion

C h lo r id e
Measurement of CC directly in sugar solution was unsatisfactory as readings 

continuously increased. At first, it was thought that the viscosity of sugar solution was 
the main reason. A similar observation had been reported by Pommez & Stachenko
(1970) and Clarke (1970). They concluded it was due to decrease in the volume of water 
of sugar solution due to hydration of sucrose. This was not a problem in the present 
work, since the sugar solution was always completed to a fixed volume before Cl” 
measurement. Ashing the sugar did not stabilize the readings, indicating that sucrose 
was not the cause of the problem.

The determination of possible interfering ions using corresponding ion-selective 
electrodes showed that only B r” and I ” ions exceeded their interfering levels, especially 
in solutions of 5%  impure sugar or molasses, where the concentration of B r” reached
1.6 /xg/ml. The concentration of I ” was around the calibration curvature and a rough 
estimate (obtained by simply extrapolating the straight line) in impure samples of sugar 
was around 6.3 x 10" 4 /xg/ml. Thus, concentrations of both ions were above the inter
fering levels (0.4 /xg/ml for B r” and 10” 4 /xg/ml for I” relative to minimum Cl” 
concentration of 60 /xg/ml). These ions effectively poison the electrode’s surface 
(Baiulescu & Cosofret, 1977).

Oxidation of B r” and I ” to B r2 and I2 respectively, is the easiest way to remove these
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ions effectively, due to the high volatility of B r2 and I2 even at room temperature. Two 
methods of oxidation were tested; first was the method of Havas, Papp & Pungor (1968) 
who used K M n 0 4 as an oxidizing agent. The second method, however, was by using 
concentrated H N 0 3 followed by bubbling air through the solution to remove Br2 and I2 

(M artin, 1951). Different concentrations ofH N O 3 (0 .1,0.5, 1 .0 ,2 .0 ,3 .0 ,4 .0an d 5.0M ) 
and different periods of passing air (5, 10, 15 and 20 min) for each concentration were 
tried. The optimum condition was found to be 3 M H N 0 3 and passing air for 20 min (Fig. 
1). In this figure three calibration curves were made with the electrode; one for pure 
standards, the others for the same standards containing added B r_ and I -  as inter
ferences; one of which was treated with 3 M H N 0 3. After treatment the calibration was 
restored to that of the pure standards.

Figure 1. Calibration curve for chloride (Cl ). (A) with I and Br interferences. (•) after 
selective oxidation with HNO,. (■ ) for pure CP calibration.

Another convenient way to overcome the problem of interferences was by applying 
the method of standard addition (Moody & Thomas, 1973; Baiulescu & Cosofret,
1977). The principle of this technique depends on the fact that the effect of interfering 
ions is a function of concentration ratio, X~/Cl~, (where X =  Br or I - ). The 
successive addition of concentrated Cl~ made this ratio non-significant. This is shown in 
Fig. 2 which is a Gran’s plot of a standard addition to a synthetic CD solution containing 
B r -  and I -  at their interfering levels. The interfering ions lowered the first two points 
below the straight line drawn through the rest of the points, back extrapolation of which 
produced a calibration similar to that of samples containing no interfering ions.

Table 1 shows the results of CD determination in sugar samples by the three 
methods, compared to the actual values of Cl~ present, obtained by the standard 
A g+-electrode method. The total amount of Br plus 1“ was between 0-1 .6  ppm and 
the maximum positive systematic error was 2 .6 %.

The table shows: (i) that the use of K M n 0 4 as an oxidizing agent was not successful 
because of the high error; (ii) that the use of 3 m N H 03, passing air for 20 min, gave only
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Figure 2. Typical standard addition curve (Gran's plot) for Cl .

a small error, not exceeding 3% ; and (iii) the method of standard addition was a little 
less accurate, the error being around 5% .

Using the f-test (LeClarg, Leonard & Clark, 1962) results from both H N 0 3 and the

Table 1. Methods of removing interferences of Br and I in the determination of 
Cl- by the chloride ion-selective electrode

CP in mg/g sample

Present
( 1)

%
Found Error

%
Found Error Found

%
Error

Samples (2) (3) (4)

Sugar-C
(Beet)

1.2 0.4 —66.6 1.16 -3 .2 1.13 -5.5

Sugar-C
(Raw)

2.2 0.84 -62.0 2.14 -2 .7 2.30 4.8

Syrup-B 6.4 — — 6.3 -1 .5 6.24 -2.5

Molasses
(Beet)

18.0 — — 17.8 -1.1 17.9 -0.55

Molasses
(Raw)

9.4 --- --- 9.2 -2.1 5.32 - 0.8

( 1 ) Ag electrode reference method.
(2) Chloride determination after KMnO, treatment.
(3) After treatment with 3 M HNO:l and passing air for 20 min.
(4) Standard addition method.
(— ) Not determined.
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Table 2. Effect of different ashing procedures on the loss of Cl from sugar samples

Cl in mg/g sample

Found after ashing
at: Fixation

Present With H2S 0 4 With NaOH

Samples
before
ashing

600°C 
for 2 hr

200°C 
for 12 hr

then ashing at 
600°C for 2 hr

then ashing at 
600°C for 2 hr

Sugar-C
(Beet)

1.2 <  0.02 0.1 0.06 0.2

Sugar-C
(Raw)

2.2 <  0.02 0.26 0.4 0.9

Syrup-B 6.4 0.6 2.64 1.0 2.4

Molasses
(Beet)

18.0 2.4 9.0 7.6 7.4

Molasses 9.4 1.04 5.4 4.0 5.2

standard addition methods are different from those of the standard Ag-electrode 
method (95%  confidence limit, d.f. =  4), possibly because the latter measures total 
halides instead of C l-  ion alone. Both methods were faster than the standard method, 
six samples per hour compared with three by the standard procedure. Dry ashing of the 
samples at 600°C for 2 hr, 200°Cfor 12 hr, and fixation of Cl” with H2S 0 4 or with NaOH 
prior to the ashing process at 600°C all gave large negative errors in C l” and were 
unsatisfactory (Table 2). Such errors can only be due to the formation and loss of 
volatile chlorides, and suggest that the recommended methods of ashing sugar samples 
for C l” determination (ICUM SA, 1954) should be retested. To this end NaCl and CaCl2 
were added to a highly refined white sugar, the samples were ashed at 600°C for 2 hr and 
the C l" was determined by both standard procedure (Ag-wire) and the recommended 
procedure using the chloride electrode. The samples were also analysed without ashing. 
Results, presented in Table 3, indicate that ashing of sugar caused a large loss of 
chloride, that from CaCl2 being about three times more than that from NaCl. The high 
C l" loss in sugar C (Table 2) suggests that Cl" in sugar is present mostly in CaCl2 form.

Table 3. The affect of ashing at 600°C for 2 hr on Cl determination in white sugar using 
both standard and CP electrode methods

Cl found (mg/g)

On solution After ashing
Cl added
(mg CP/g white sugar) Cl electrode Ag-wire Cl electrode Ag-wire

Mean loss 
(%)

None 0.02 n.d. n.d. n.d. n.d.
6.06 as NaCl 6.06 6.06 4.51 4.57 -25.5
6.39 as CaCl2 6.39 6.39 1.53 1.56 -76.0

38
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Table 4. NO, levels before and after removal of interferences with extracting 
solution and using the Cu/Cd method

NO:1 in mg/g sample

Before removal of After removal of
Sample interferences ±s.e. interferences Cu/Cd

Sugar-C (Beet) 0.38 0.01 0.38 0.40
Sugar-C (Raw) 0.53 0.01 0.54 0.55
B-Svrup 0.60 0.01 0.60 0.63
Molasses (Beet) 4.61 0.05 4.60 4.44
Molasses (Raw) 0.81 0.02 0.82 0.75

N itra te
Table 4 presents results of NO3 determination in sugar samples, using the NO3 

selective electrode, with and without treatment to remove interfering ions. This has no 
effect on the NO// determination, which could therefore be determined directly. 
Comparison with the Cu/Cd reduction method (Wood e t a l., 1967) showed that the 
results were not significantly different ((-test, 95% confidence limit, d.f. =  4). 
Triplicate analysis by the direct method gave a mean s.e. of 0.02 and an average 
coefficient of variation of about 3% . The method is much faster than the colorimetric 
method using phenol disulphonic acid (PDA), ten samples per hour compared to only 
four samples per hour by the PDA method.

C a lc iu m
Possible interfering ions, measured by atomic absorption and flame photometry, did 

not reach such levels as to interfere and free Ca2+ was determined without any 
pretreatment and compared with the method of standard addition (Table 5). As Ca2+ 
cannot be determined directly in sugar samples by the ED TA  method, results using the 
calcium electrode could not be compared. Results are in good agreement and free Ca2+ 
can be determined directly in sugar solution with reasonable precision (coefficient of 
variation 1 -5% ).

For total Ca determination, the sugar sample was ashed at 900°C, the ash dissolved 
in HC1 and the pH was adjusted to between 5 .5 -6 .5 . A turbid solution (white suspen
sion) was observed, which suggested the possible presence of PO2- and SiO2“ . Two 
qualitative tests were carried out. Ammonium molybdate reagent (Vogel, 1954) gave a

Table 5. Determination of free Ca-^ in sugar with the calcium ion-selective electrode by both 
direct calibration and standard addition methods and total Ca by ashing and EDTA titration

Samples

Ca in mg/g sample

Ca
electrode

Total
EDTA

Bound 
(Total-Free) 
Ca'-' -electrode

Direct Free 
calibration ±s.e.

Standard
addition

Sugar-C (Beet) 1.14 0.04 1.09 1.28 1.32 0.14
Sugar-C (Raw) 1  j n 0.04 2.18 2.20 2.26 0.08
Svrup-B 5.40 0.03 5.48 8.00 7.92 2.60
Molasses (Beet) 9.10 0.06 8.84 18.00 17.84 8.90
Molasses (Raw) 5.30 0.06 5.34 9.00 9.08 3.70
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positive test, and u.v. absorption of ammonium molybdate treated sugar solutions and 
standards of PO]_ and SiO2- solutions, at the same pH, gave peak maxima for all at 
225 nm. Turbidity appearing only after ashing was probably soluble Ca phosphate, 
present in the sugar solution before ashing, that was converted after ignition at 900°C, 
to insoluble pyrophosphate (Liptay, 1975). Formation of hydrated silica on ignition and 
HC1 treatment may also have caused some turbidity. Passing the sugar ash, dissolved in 
HC1, through a strong anion exchanger (Dowex 2-X8) in Cl form prevented formation 
of turbidity after pH adjustment (between 5 .5 -6 .5 ). Total Ca2+ determined after this 
treatment was compared with that by ED TA  titration (Table 5) and the f-test showed no 
significant difference between the two methods at 90% confidence limit (d.f. =  4).

The calcium electrode has advantages over the ED TA  method in that both free and 
total calcium could be measured. This may be important in sugar analysis since Ca2+ can 
bind with sugar. Bound Ca2+ was calculated by subtracting free Ca2+ from total (Table
5). It shows that much bound calcium was present in molasses (5 -9  mg/g); possibly as 
Ca-saccharate formed during the liming process and only partly decomposed by 
carbonation. Thus the calcium electrode maybe a useful tool to monitor the important 
process of liming and deliming.

References

Baiulescu, G.E. & Cosofret. V.V. (1977). A p p l i 

c a t i o n  o f  I o n - S e l e c t i v e  M e m b r a n e  E l e c t r o d e s  in  

O r g a n i c  A n a l y s i s ,  1st edn. (English translation 
edited by R.A. Chalmers and M.R. Masson). Pp. 
53-86. England: Ellis Horwood.

Bobrovnik. L.D.. Voloshanenko, G.P. & 
Khorunzhaya. L.V. (1981). Effect of sucrose on 
the peptization of sediments of calcium salts 
during liming of diffusion juice. S a k h a n a v a  

P r o m y s h l e n n o  s t . 10, 30-31. C h e m i c a l  A b s t r a c t s ,  

(1982), 96, 21576.
Brown. C.R. & Pommez. P. (1974). Chloride 

control in the refinery. C a n e  S u g a r  R e f i n i n g  

R e s e a r c h  P r o j e c t ,  ( C S R R P ) .  Pp. l b - 9 2 .

Clarke, H. A. (1970). The effect of solution structure 
on electrode processes in sugar solution. C a n e  

S u g a r  R e f i n i n g  R e s e a r c h  P r o je c t  ( C S R R P ) .  Pp. 
179-188.'

Deitz, V.R, & Carpenter. F.G. (1963). Special 
techniques for use in sugar analysis. In: C a n e  

S u g a r  H a n d b o o k ,  9th edn. (edited by G.P. 
Meade). Pp. 605-615. USA: John Wiley and Sons.

Gee, A.. Domingues, L.P. & Deitz, V.R. (1954). 
Determination of inorganic constituents in sucrose 
solutions. A n a l y t i c a l  C h e m i s t r y ,  26, 1487-1491.

Havas. J.. Papp, E. &  Pungor, E. (1968). Mem
branes of heterogeneous structure for the deter
mination of the activity of anions. II. Analytical 
application of bromide and chloride-selective 
membrane electrodes. A c t a  C h i m i c a  (Hungary), 
58, 9-21. C h e m i c a l  A b s t r a c t s  (1969), 70. 83910.

ICUMSA. I n t e r n a t i o n a l  C o m m i s s i o n  f o r  U n i f o r m  

M e t h o d s  o f  S u g a r  A n a l y s i s  (1954). Determination 
of ash content of sugar products. Reports on the

Proceedings of the 11th Session, 9-14 June, 1954, 
Paris. Pp. 10-17.

ICUMSA. I n t e r n a t i o n a l  C o m m i s s i o n  f o r  U n i f o r m  

M e t h o d s  o f  S u g a r  A n a l y s i s  (1974). Inorganic non
sugars. Reports on the Proceedings of the 16th 
Session, 2-7 June. 1974, Ankara. Pp. 224-234.

Iwasa, N. (1970). Polarographic determination of 
inorganic non-sugars. ICUMSA. I n t e r n a t i o n a l  

C o m m i s s i o n  f o r  U n i f o r m  M e t h o d s  o f  S u g a r  

A n a l y s i s .  Reports on the Proceedings of the 15th 
Session, 10-15 May, 1970, London, Appendix 1. 
Pp. 176-182.

Jaroslav. S. and Jiri. P. (1979). Nitrate ion-selective 
electrode C h e m i c k e  L i s t y ,  73, 1097-1105.
C h e m i c a l  A b s t r a c t s  (1980), 92, 51269.

Juvier, L.H.M., Fernandez, L.R.C. & Armas, 
T.A.R. (1981). Study of a calcium electrode in 
cane juices by the sample addition method. Com
parison with the titration method using EDTA. 
C u b a A z u c a r ,  October-December, p. 11.

Juvier, L.H.M., Fernandez. L.R.C. & Armas, 
T.A.R. (1982). Affination and a chloride ion- 
selective electrode C u b a A z u c a r .  July-September, 
p. 7.

LeClarg, E.L., Leonard, W.H. & Clark, A.G. 
(1962). F i e ld  P l o t  T e c h n i q u e  2nd edition. 
Minnesota: Burgess Publishing Co.

Lew, R.B. (1974). Inorganic non-sugars. ICUMSA. 
I n t e r n a t i o n a l  C o m m i s s i o n  f o r  U n i f o r m  M e t h o d s  o f  

S u g a r  A n a l y s i s .  Reports on the Proceedings of 
the 16th Session. 2-7 June, 1974, Ankara. Pp. 
224-234.

Liptay, G. (ed.) (1973). A t l a s  o f  T h e r m o a n a l y t i c a l  

C u r v e s ,  (no. 217). Budapest: Akademiai Kiado.



568 M. T. K arim , F. M. Najib and M. S. M ohammad

Mark, H.F., McKetta, J.J. & Othmer, D.F. (1969). 
Encyclopedia of Chemical Technology, Volume 
19. Pp. 151-242. USA: John Wiley and Sons. 

Martin, F. (1951). Mikrochemie. 36137, 653. Cited 
by: Macdonald, A.M.G. Determination of
Halogens and Sulphur in Organic Compounds. In: 
Comprehensive Analytical Chemistry, (edited 
by C.L. Wilson and D.W. Wilson). Vol. IB. Pp. 
510-546. The Netherlands: Elsevier.

McGaslin, B.D., Franklin, W.T. & Dillon, M.A. 
( 1970). Rapid determination of nitrate nitrogen in 
sugar-beets with the specific ion electrodes. 
Journal of the American Society of Sugar Beet 
Technologists, 16, 64-70.

Moody, G.J. & Thomas, J.D.R. (1973). Selective 
Ion-Sensitive Electrodes. Selected Annual 
Reviews of the Analytical Sciences, 3, 59-138. 

Orion Research (1976). 93 series electrodes. 
Methods Manual. Cambridge, Massachusetts: 
Orion Research Inc.

Orion Ionalyzer (1977). Halide electrodes Instruc
tion Manual. Cambridge, Massachusetts: Orion 
Research Inc.

Orion Research (1977). Nitrate ion electrode. 
Instruction Manual. Cambridge, Massachusetts: 
Orion Research Inc.

Orion Research (1977). Calcium electrode. Instruc
tion Manual. Cambridge, Massachusetts: Orion

Research Inc.
Pommez, P. & Stachenko, S. (1970). Use of chloride 

electrodes in refinery control. Proceedings of the 
1970 Technical Session on Cane Sugar Refining 
Research. Pp. 82-102. Boston, Massachusetts, 
U.S.A.

Schiweck, H. & Kilcioglu, E. (1969). Determination 
of heavy metals in consumer sugars, molasses, 
cosettes and Pulp. Zucker, 22, 321-325. Chemical 
Abstracts (1969). 71, 69393.

Stachenko, S. (1970). Inorganic non-sugars. 
ICUMSA. International Commission for Uniform 
Methods of Sugar Analysis. Reports of the Pro
ceedings of the 15th Session, 10-15 May, 1970, 
London. Pp. 172-182.

Thomas, J.D.R. (ed.) (1980-1984). Ion-Selective 
Electrode reviews. Volumes (1-6).

Tomlinson. R.C. (1959). Sampling. In: Compre
hensive Analytical Chemistry (edited by C.L. 
Wilson and D.W. Wilson), Volume IA. Pp. 36- 
75. The Netherlands: Elsevier.

Vogel, A.I. (1954). A Text Book of Macro and 
Semimicro Qualitative Inorganic Analysis, 4th 
edn. P. 386. London: Longmans.

Wood, E.D., Armstrong, F.A.J. & Richard, F.A. 
(1967). Determination of NOj in sea Water by 
Cd-Cu reduction to NO». Journal of Marine 
Biological Association, 47, 23-31.

(R e c e iv e d  3  F ebruary  1984; R e v ise d  20  J u ly  1985)



Jo u rn a l o f  F ood  Technology  ( 1986) 21, 5 6 9 -5 7 6

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

C . B .  P H A M t  A N D  R . R . D E L  R O S A R I O *

Summary

Thiamin retention in extruded cowpea, mungbean, defatted soybean and air classified 
mungbean products was studied by a least squares regression equation using process 
temperature, screw speed, buffer pH and moisture content as the major independent 
variables. The increase in process temperature, pH and screw speed variables effected 
the decrease of thiamin retention values, while the increase in moisture content 
increased retention. The heat generation due to increase of stress force caused by 
increased screw speed presumably resulted in the thiamin retention values which were 
lower than expected. The carbohydrate and protein of the feed material flours pro
tected the thiamin during the thermoplastic extrusion process.

Introduction

Previous investigations have shown that it is possible to texturize cowpea, mungbean 
and air classified mungbean flours by extrusion processes. These products could be 
utilized in production of snack food, instant baby food, texturized vegetable protein 
and other food formulations (Pham & Del Rosario, 1984). The functional properties of 
tnese products have been compared with those of the texturized defatted soybean. 
Nitrogen solubility index and water absorption capacity values are better in texturized 
air classified mungbean than in texturized defatted soybean. However, there is limited 
information on the retention of thiamin in extruded legume products.

The first recorded property of thiamin was its relative ease of destruction by heat 
(Williams, 1938). According to the study, heating of thiamin in neutral solutions 
resulted in the cleavage of the molecule at the methylene bridge to yield pyrimidine and 
thiozole fragments. Mclntere & Frost (1944) showed that a- and /3-amino acids and 
some of their derivatives have a marked stabilizing effect upon thiamin at pH 6 .

The observation that thiamin in natural foods is more heat resistant than thiamin in 
aqueous and buffered solutions indicates the existence of factors that can stabilize the 
reaction. Thiamin retention (8 8 .6 % ) in cookies baked from commercially enriched 
fou r is predicted by a least squares regression equation as the major independent 
variable. At a constant soda level, the colour of the cookie may be used as a quality 
control guide to thiamin retention (Keagy, Connor & Schatzi, 1979).

Beetner e t al. (1974) studied the retention of thiamin during extrusion processing. 
They used two temperatures, 139 and 193.4°C, feed moisture content of 13 and 16%,
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and screw speed of 75 and 125 rpm in the extrusion of corn grits. Increased retention of 
thiamin from lower temperature and slower screw speed were found to be very 
significant.

The present study of thiamin retention on the extrusion process is necessary to 
confirm nutrient quality and the variables of extrusion. This information can help to 
optimize the development of quality and nutrient content of products made from 
cowpea (CP), mungbean (M B), defatted soybean (D SB) and air classified mungbean 
(A C M B) flours.

Materials and methods

R a w  M a ter ia ls
Legume seeds used in this study were cowpea [V igna  sinensis  (L .), Wilczek], 

mungbean [V ig n a  rad ia ta  (L .) Wilczek] and soybean [G lyc in e  m a x  (L .) Merr.]. Seed 
samples were obtained from the open market at Divisoria in Manila. These dried 
samples were contained in rice bags and stored in a cold room ( 10°C) prior to use.

E x tr u s io n  c o o k in g
The preparation of samples, experimental design and extrusion processing have 

been described previously (Pham & Del Rosario, 1984) except for the procedure given 
below. Feed rates were 15 kg (d.b.)/hr for CP and MB at 100-200 rpm, and 12.5 kg 
(d .b.)/hr for D SB and ACMB at 10-30 rpm.

T h ia m in  ex tra c tio n  a n d  a ssay
Thiamin in the raw materials and after extrusion processing was determined by the 

thiochrome method (Miller, Guadagni & Kon, 1973). The thiochrome method depends 
upon the oxidation of thiamin to thiochrome which fluoresces under u.v. light. Fluor
escence was measured with a 12B Coleman Electronic Photofluorimeter model using 
quinine sulphate as reference standard.

Thiamin retention is that remaining in the extruded sample expressed as a 
percentage of the thiamin in the raw material, both on a dry weight basis.

S ta tis tic a l a n a ly s is
Four process variables in the experimental design of the extrusion process used for 

cowpea, mungbean, defatted soybean and air classified mungbean flours were applied 
for coded transformation (Pham & Del Rosario, 1984). The lowest process variable 
value was coded - 1 , and the highest value + 1 .

The data were statistically analysed by means of stepwise multiple regression to 
determine the process variables significant in the thiamin retention. The method of least 
squares was used to obtain the best estimate of the dependent variables. All terms not 
significant at the 0.05 probability level were combined with the residual. Random error 
was estimated from replicate extrusion. Lack of fit was calculated as the difference 
between the residual sum of squares and the pure error sum of squares. The regression 
equation fitted a response surface type equation. First order effects, squared terms and 
first order interaction terms were allowed to enter the equation which corresponded to 
the F-test value with a confidence level of approximately 95%.
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Results and discussion

A n a ly s is  o f  va r ia n ce  f o r  regression
The retention of thiamin in texturized vegetable products has been studied as a 

function of moisture content, buffer pH, screw speed and process temperature. The 
analysis of variance for regression of the data is summarized in Table 1.

The average thiamin retention in the extruded cowpea (ECP, 32.5% ) was higher 
than that of extruded mungbean (EM B, 21.2% ). The presence of high carbohydrate in 
the feed materials such as CP (66.74% ) and MB (63.25% ) could account for the 
differences in the adsorption, and perhaps provide protection from the effects of the 
extrusion process by the hydrophilic polysaccharides. Similar observations were made 
in relation to the stabilization of thiamin in conventional food process (Mulley, Stumbo 
& Hunting, 1975). On the other hand, thiamin retention of extruded air classified 
mungbean (E A C M B , 27.2% ) is higher than that of extruded defatted soybean (E D S B . 
21 .2 % ) used as a reference for a texturized vegetable protein, possibly due to the higher 
protein content (58.1% ) of EACM B than ED SB (50.6% ). These results confirm the 
findings of M clntire & Frost (1944) that protein could protect the thiamin in severe 
thermal processes.

Statistical analysis of the data indicated a strong dependence of thiamin retention on 
the process temperature and pH (Table 1). Several interactions (pH xprocess tem
perature, screw speedxprocess temperature, etc.) were also significant at P  = 0.05 or 
better.

The regression coefficient of determination (R 2) is for example, 0.95 for ECP 
product, indicating that 95% of the variation in extrusion process is accounted for in the 
model. It contributed 88 -92%  of the first order terms of the effects on thiamin retention 
in four types of texturized products. The different R 2 also suggested that the influence of 
the operating variables on thiamin retention depends on the type of feed material used 
in the extrusion process.

E ffe c ts  o f  m o is tu r e  co n te n t a n d  p ro c ess  tem p era tu re
The retention of thiamin decreased as the feed moisture content decreased from 45 

to 30%  (Table 1), possibly due to the viscosity of thermoplastic materials in the die 
zone. A t a given process temperature, as moisture content of feed materials increased, 
this viscosity would decrease and the less viscous material would flow more rapidly out 
of the system, decreasing thiamin loss.

The retention of thiamin decreased as the process temperature increased, con
firming earlier observations of Beetner e t al. (1974). To illustrate the effects of both 
process temperature and moisture content on thiamin retention, the other variables 
such as pH buffer and screw speed were held constant (pH 6.8; screw speed 150 rpm for 
CP and M B ; and 20 rpm for DSB and ACM B). The contour maps generated represent 
thiamin retention (Fig. 1). The maximum thiamin retention values occur at high 
moisture content and low process temperature for the four extruded products.

E ffe c ts  o f  m o is tu r e  c o n te n t a n d  screw  sp e ed
At a given process temperature and pH, the thiamin retention values decreased as 

the screw speed increased (Fig. 2), increasing the stress force and consequent induced 
heat generation in the extruder. However, the effect of screw speed is also dependent 
on moisture content. At high levels the effect of screw speed on the thiamin retention 
values was less than the effect at low moisture level, probably because viscosity would 
increase greatly as feed moisture decreased and screw speed increased.
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Process temperature (°C)

149 154.5 160 154.5 160 165.5

Process tem perature (°C)

Figure 1. Thiamin retention contour maps as function of moisture content and process 
temperature in extruded: (a) cowpea (150 rpm, pH 6.8); (b) mungbean (150 rpm, pH 6.8); (c) 
defatted soybean (20 rpm, pH 6.8); (d) airclassified mungbean (20 rpm. pH 6.8).

Screw speed (rp m )
100 150 200 100 150 200

Figure 2. Thiamin retention contour maps as function of moisture content and screw speed in 
extruded: (a) cowpea (ph 6.8, 112.5°C); (b) mungbean (pH 6.8, 112.5°C); (c) defatted soybean 
(pH 6.8, 154.5°C); (d) air classified mungbean (pH 6.8, 160°C).
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E ffe c ts  o f  p H  a n d  p ro c e ss  tem p era tu re
Thiamin retention was found to decrease with increased pH buffer of feed materials 

(Fig. 3). At pH 6.2, thiamin retention was higher in ECP products than in EM B 
products, with the same process variables in the extrusion process. With increased pH 
and process temperature, thiamin retention decreased more rapidly in ECP products 
(20 .1% ) than in EM B products (18.5% ). Similar decreases were observed in relation to 
destruction of thiamin in ED SB (12.4% ) and EACMB (17.4% ) products in the 
presence of high pH buffer.

Process temperature (°C)

9 3  112.5 132 9 3  112.5 132

Figure 3. Thiamin retention contour maps as function of pH and process temperature in 
extruded: (a) cowpea (MC 37.5% . 150 rpm); (b) munghean (MC37.552. 150 rpm): (c) defatted 
soybean (MC 37.592,20 rpm); (d) air classified munghean (MC 37.592. 20 rpm).

The rapidity of the decrease in thiamin in the alkaline medium could be due to the 
difference in the chemical environment of the raw materials. Compared to SB thiamin, 
the CP, MB and ACMB thiamins showed greater resistance to alkaline medium as 
indicated by more drastic conditions used to effect thiamin retention. This was possibly 
caused by the rapid cleavage of the sulphite from the methylene bridge in a nucleophilic 
displacement reaction in SB-thiamin. Similar effects were observed on the thiamin 
stability in food products and model systems to different pH media (Dwivedi & Arnold, 
1973).

E ffe c ts  o f  p H  a n d  sc rew  sp e ed
The previous results showed that pH or screw speed are significant variables in the 

extrusion process. Since these two variables were confounded, an experiment was 
conducted in which they were varied independently. It can be seen that at certain pHs 
and screw speeds significant improvements in thiamin retention were possible (Fig. 4).



D evelopm ent o f  textured vegetable products. I l l 575

Screw speed (rpm )

100 150 2 0 0  100 150 20 0

Figure 4. Thiamin retention contour maps as function of pH and screw speed in extruded: (a) 
cowpea (MC37.5%. 112.5°C): (b) mungbean (MC37.5%. 112.5°C); (c) defatted soybean (MC 
37.5%, 154.5°C); (d) air classified mungbean (MC 37.5% , I60°C).

The pH was varied from 6.2 to 7.4, and screw speed from 100 to 200 rpm for ECP and 
E M B  products, and 10 to 30 rpm for high protein content of ED SB and EACMB 
products. In all cases of extruded products, the lowest pH and screw speed resulted in 
high retention of thiamin. The figure also indicates an interaction between pH buffer 
and screw speed. This influence confirms previous results that starch and/or protein in 
feed materials play an important role in protecting thiamin retention.

Conclusion

Thiamin retention in CP, M B, DSB and ACMB products texturized by extrusion 
processes is a function of moisture content, buffer pH. screw speed and process 
temperature. The average thiamin retention value is 32.5% in ECP, 27.3% in EM B, 
21.2%  in D SB and 27.2%  in EACM B products. At high process temperature and low 
moisture content, the increase of screw speed decreased thiamin retention values as 
buffer pH increased. The effect of process temperature is a quadratic function in ECP 
and E M B  products, while in ED SB and EACM B products it is predominantly a linear 
function. The increasing screw speed at low moisture content produced heat generation 
which possibly resulted in a lower thiamin retention than the true values obtained.
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Therm al properties of potatoes and a computer 
simulation model of a blanching process

I .  L A M B E R G  a n d  B .  H A L L S T R O M

Summary

Thermal conductivity and specific heat were experimentally determined in Bintje 
potatoes. The methods used were a transient hot-strip method and differential scanning 
calorimetry respectively. The results from the experiments were used in a theoretical 
calculation model using the finite element technique. Temperature profiles and heat 
transfer coefficients were simulated and the theoretical calculations were compared 
with experimental data for the blanching process. The correlation between experi
mental data and theoretical calculations was good if the heat transfer coefficient was 
assumed to be 750 W/m2°C.

Introduction

A useful tool for the food engineer when studying the behaviour of a process is a 
computer program based on mathematical models. When constructing this model it is 
necessary to study the heat and mass transport in different food products during 
processing, together with the knowledge about kinetic processes. Different processes 
like blanching, drying, frying, and combinations of processes also have to be studied.

In the future, knowledge concerning all aspects of the process will be very important 
for overall optimization. At present it is possible to obtain a quick answer on how to 
regulate and operate different stages of a process in order to obtain a product of the 
highest quality (Bruin, Hallstrdm & Jowitt, 1984).

In order to construct a simulation model for the time-temperature profile for a 
potato blanching process, knowledge about thermal properties is necessary. The 
thermal properties of potatoes have been studied by Yamada (1970), who determined 
the specific heat at different moisture contents and also the thermal conductivity. Rao, 
Barnad & Kenny (1975) investigated squash and potatoes, and presented values for 
thermal conductivity and thermal diffusivity. Matthews & Hall (1968) and Rao e t al. 
(1975) conducted studies on thermal diffusivity. Wadsworth & Spadaro (1969, 1970) 
determined the thermal diffusivity of sweet potatoes and also devised computer 
programs which were used to simulate the transient temperature distribution.

In the present work, the thermal conductivity and specific heat of potatoes were 
estimated for further use in a finite-element simulation program. The heat transfer 
coefficient and the temperature profile in potatoes during blanching were also simu
lated using the same computer program. The results are compared with experimental 
data.

Authors' address: Division of Food Engineering. Lund University, P.O. Box 124, S-221 (X) Lund, 
Sweden.
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Materials and methods

The substrate was Bintje potatoes, density 1085 kg/m:!, and moisture content, 79.8%.
The method used for measuring the thermal conductivity, was a transient hot strip 

method, by Gustafsson, Karawacki & Khan (1979) in which the strip is used as both a 
constant plane heat source and as a sensor of temperature.

To determine thermal conductivity the potato was cut into two slices, the metal strip 
held firmly between the two plane potato slices and the whole immersed in a water bath 
to reach constant temperature, then the voltage recording was started. The metal 
strip was 77.2 mm long and 5.72 mm wide. The total experimental time was 30 sec, 
during which about 90 voltage recordings were made.

The specific heat was measured by Differential Scanning Calorimetry (DSC, 
Perking Elmer DSC-2C) in lyophilized potatoes with different water contents. Water 
was added to the samples and equilibrated before analysis. The samples (5 -10  mg) were 
dried after analysis (105°C, 24 hr). The moisture contents used were 85.4, 68.2, 63.5,
39.2 and 8.1%  total weight. The samples were enclosed in aluminium cans. As a 
reference an empty can was used, and to obtain the baseline two empty cans were 
scanned (10°C/min from 5-95°C ) at least twice and evaluated at 5°C intervals. The 
difference between the baseline and sample curve is proportional to the specific heat. 
The proportionality constant was obtained by scanning doubly distilled water, with a 
well known specific heat value.

The blanching procedure took place in a thermostatically controlled water bath, 
volume 10 litre and temperature accuracy ± 0 .1°C.

The potatoes, cut into pieces and placed in a wire net cage, were blanched at 65 and 
75°C for 10 min. Three Cr/Al thermocouples with a thickness of 0.3 mm were placed at 
different distances relative to the surface (Fig. 1).

(¡6 6 0  mm

Figure 1. The experimental potato model. Diameter 60 mm, thickness 18 mm.

C o m p u te r  s im u la t io n  a n d  f in i te  e lem en t m o d e llin g
Stationary and non-stationary heat conduction may be analysed by means of the 

finite-element technique, a numerical procedure for solving differential equations. A 
model (Segerlind, 1976) is constructed as follows:
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(1) A finite number of points in the domain is identified as nodal points or nodes.
(2) The value of the continuous quantity of each nodal point is denoted as a variable 

which is to be determined.
(3) The domain is divided into a finite number of subdomains called elements, and 

connected at common nodal points collectively approximating the shape of the domain.
(4) The continuous quantity is approximated over each element by a polynomial 

that is defined using the nodal values of the continuous quantity.
Advantages of the finite element method are: (i) irregularly shaped boundaries can 

be approximated; (ii) the material properties in adjacent elements do not have to be the 
same; (iii) the size of the elements can be varied and (iv) mixed boundary conditions can 
be handled. In this investigation the THAFEM  program (Andersson, Froier & Loyd, 
1983) was used. This uses finite elements to solve the heat conduction differential 
equation for solid two-dimensional bodies and for solid three-dimensional bodies 
possessing cylindrical symmetry. The bodies are defined by arbitrarily set polygonic 
boundaries and the program allows for anisotropic heat conductivities. System size and 
ohase transitions, as well as any potential temperature dependence of the conductivity, 
may be taken into account. The finite element grid is constructed by the program, and is 
denser in areas of large curvature and in areas where large temperature gradients are 
expected.

In this investigation rough estimates of initial values of the heat flux over the 
ooundary and the node temperatures were used. The heat flux over the boundary was 
assumed to be convective. Any part of the boundary lacking explicitly defined boundary 
conditions, was treated as completely isolated. It was assumed that the surrounding 
volume 10 litre and temperature accuracy ± 0 .1°C water was well mixed and had no 
temperature gradient.

Nomenclature

a  =  Heat transfer coefficient (W/m2°C),
X =  thermal conductivity (W/m °C),
T  = temperature (°C).

Results and discussion

T h e r m a l c o n d u c tiv ity
The results of the measurements on thermal conductivity are presented in Fig. 2. 

Mathematically, the thermal conductivity may be approximated by a linear function of 
the temperature.

At 79.8%  moisture content net weight, linear regression of 2 on T  gave a best fit of

\  (T) =  0 .0 0 1 19-T +0 .624 

with a correlation coefficient of 0.90.
These measurements were carried out on four different potatoes in a water bath. 

The results then represent the variation in raw material during the blanching process.
Rao e t al. (1975) determined thermal conductivity and thermal diffusivity with a 

line-source method. They reported values of thermal conductivity between 0.533 and 
0.571 W/m °C with a moisture content of about 82% wet weight. They also related the 
thermal conductivity data to moisture content and density at room temperature. The
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Figure 2. The thermal conductivity versus the temperature.

moisture content, density and heat capacity affect the thermal conductivity and it is 
therefore of great importance to characterize all these parameters.

Yamada (1970) measured the thermal conductivity using a method involving the 
non-steady-state heat conduction of a sphere. He found the thermal conductivity at 76% 
moisture content to range between 0.485 and 0.556 W/m °C at 10-75°C. Tschubik & 
Maslow (1973) reported values of 0 .61-0 .66  W/m °C for different potato varieties. The 
last-mentioned data agree well with the results of the present investigation.

S p e c if ic  h e a t
Figure 3 shows the heat capacity as a function of temperature and water content. 

The heat capacity was constant over the temperature intervals 5 -55  and 75-95°C  at 
moisture contents of 85.4, 68.2 and 63.5% . The heat capacity had a maximum value in 
the temperature interval 55-75°C , which correspond to gelatinization. At 85.4% 
moisture content, the heat capacity of potatoes was found to be 3.610 kWs/kg °C. This 
value agrees well with the result obtained by Yamada (1970), of 3.640 kWs/kg °C at 
83%  water content.

Gelatinization starts at 55°C and ceases at 75°C. Maximum gelatinization is reached 
at 66°C. Eliasson, Larsson & Miezis (1981) investigated the gelatinization of freeze 
dried potato starch and original potato starch, and found that freeze drying lowered the 
gelatinization temperature from 66 to 60°C. In our investigation no difference in 
gelatinization temperature was observed; freeze dried potatoes showed the same 
gelatinization temperature as original potato starch, i.e ., 66°C.

At moisture contents of 39.8 and 8.1%  there was no peak at the actual gelatinization 
interval. The heat capacity increased slowly, which may be due to the gelatinization 
effect. The influence of water content on gelatinization, is also shown in Fig. 3.
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Figure 3.The heat capacity versus the temperature. Lyophilized potatoes with different water 
contents, 85.4, 68.2, 63.5, 39.2 and 8.1%, as a reference water.

In the interval 63 .5 -85 .4%  moisture content, the degree of gelatinization decreased 
with increase in moisture content, an effect also reported by Eliasson e ta l. (1981). With 
a water to starch ratio of 1:1, the gelatinization enthalpy was 9600 Ws/kg starch and 
increased to 21700 Ws/kg with a 2:1 water to starch ratio. The slope of the heat capacity 
curve increases as the water content is reduced.

C a lc u la tio n  m o d e l
When using the TH A FEM  program (Andersson, Froier & Loyd, 1983), it is 

necessary to follow a program input schedule, containing material and geometry 
specifications as follows: thermal properties, geometry, initial temperatures, con
vection boundary and time steps for the calculations intervals. In this investigation heat 
conductivity, density and specific heat are experimental data. The geometry was chosen 
to simulate the heated potato in the blanching process. To satisfy the schedule, some 
program inputs were postulated.

* Thermal properties
Heat conductivity 0.648 and 0.719 W/m °C, (T =  20°C and 80°C,

respectively)
Density 1085 kg/m:i
Specific heat 3600 Ws/kg °C
39
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Phase transition 4300 Ws/kg
Phase transition temperature 66°C

* Geometry 
See Fig. 4
* Initial tempratures
Surface 50°C
Inner part 20°C

* Convection boundary
Heat transfer coefficients 750 and 126 W /nr °C
Temperature of boundary fluid 75°C

* Time steps 
1, 5, 10, 20 sec.

10 mm-

0
2-

1 mm 3 -
I2 mm 4 -
i

3 mm 5 -
I

4 mm 6 -
I

5 mm 7 -
I

6 mm 8 -
I7 mm 9 -

9 mm 10-

-10 mm-
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-52- 
-53 -

I
- 54-

I-55-

-58-
I- 59 -

-10 mm-

•71--81-91-101—

surface

Figure 4. The potato geometry of the simulation model.

T e m p e r a tu r e  m e a su r e m e n ts  a n d  c o m p u te r  s im u la tio n
The measured and simulated time-temperature distribution curves, are presented 

in Figs 5 and 6. Figure 5 shows the variation in the time-temperature dependence at 
different water temperatures. In Fig. 6 the simulated time-temperature distribution is 
compared with the experimental. Figure 6 also shows the difference in tim e- 
temperature dependence for different heat transfer coefficients a  =  750W/m2 °C. 
(Morstedt, 1976) and a  =  126 W/m2 °C (Perry, 1963).

Wadsworth e t al. (1970) performed a computer simulation based on the finite- 
difference method. They compared variations in thermal diffusivity, heat transfer 
coefficient and size of different potatoes. The finite-element method is a modern and 
more general technique used in many applications and it is easy to construct a model
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Figure S. The variation in time-temperature dependence at different water temperatures.

even if the geometry is complex. When performing a simulation, it is important to be 
able to predict the heat transfer coefficient accurately, as a limited amount of experi
mental data are available.

Morstedt (1976) and Perry (1963) gave the greatest difference in heat transfer values 
with varying moisture content. In the present investigation the largest heat transfer 
coefficient gave the most likely time-temperature profile compared with experimental 
measurements. The heat transfer is intensive in this heating procedure and the heat 
transfer coefficient a  =  750 W/m2 °C therefore gives the best fit. Another aspect which 
must be considered in a computer simulation is the temperature dependence of the 
thermal conductivity. Determined experimentally, the thermal conductivities at 20 and 
80°C were 0.648 and 0.719 W/m°C respectively. Figure 7 shows the variation in the 
simulated tim e-temperature curve for these values. The time-temperature curves 
were duplicated 3 mm from the surface. From 3 mm towards the centre there was a 
small deviation, less the 6% (9 mm, 180 sec) which can be neglected. In this investi
gation the simulation model is rectangular with rotation symmetry; this is not strictly 
realistic, and the model can be improved, but for the purpose of this study it was not 
deemed necessary.

Conclusion

Measuring thermal properties of foodstuffs is normally a delicate problem. Rapid 
denaturation of the materials, especially at an increased temperature, changes the
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Figure 6 . Simulated time-temperature distribution compared with the experimental. The 
difference in time-temperature dependence for different heat transfer coefficients, a.

properties and makes the results less reliable. Even a small temperature gradient 
applied to give measurable data may be enough to affect the result. The transient 
hot-strip method used here, overcomes to a great extent these difficulties, and may be 
used at elevated temperatures. It is the first time this method has been used for food 
materials, and we conclude that it is appropriate to such problems.

This work also indicates the potential applicability of finite-element simulation of 
temperatures in food applications. Further use is foreseen for example in the optimi
zation of industrial processes, although this would need data on the kinetics of the 
chemical reactions involved; for instance, destruction of nutritional properties.
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o f  i c e
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Summary

Sodium alginate, methyl cellulose and sodium carboxymethyl cellulose at concen
trations of ~  1 % do not change the homogeneous nucleation temperature (TH) of water 
or of sucrose solutions by more than the experimental uncertainty of ±2°C . Stabilizers at 
a concentration of 0.0067 g/ml showed a variety of effects on heterogeneous nucleation 
in 0.75 g/ml sucrose solution. Xanthan gum showed a slight inhibitory effect, methyl 
cellulose showed little effect, sodium pectate, sodium carboxymethyl cellulose and 
microcrystalline cellulose caused slight increases in the incidence of heterogeneous 
nucleation, and sodium alginate caused a substantial increase. The effect of sodium 
alginate can probably be attributed to inclusions rather than to the polysaccharide 
molecules themselves. It is concluded that none of the stabilizers affects nucleation of 
ice to an extent which would be of significance in frozen confectionery products.

Introduction

It is widely believed that hydrophilic gums (‘stabilizers’) influence ice formation in 
frozen confectionery products. The qualitative observation is that the use of stabilizers 
results in a product with a finer ice crystal texture. Several mechanisms have been 
proposed to explain the effect, one being that stabilizers influence the nucleation of ice 
(Blanshard, 1970).

Nucleation may either be homogeneous (i.e ., spontaneous) or heterogeneous (i.e., 
initiated by nucleation agents or motes). The influence of stabilizers (which may give 
‘solutions’ of a somewhat heterogeneous character) on both types of nucleation is of 
interest.

(1) H o m o g e n e o u s  n u c lea tio n
The general theory of homogeneous nucleation has been, and still is, a subject of 

lively debate (for a review, see Pruppacher & Klett, 1978). For the case of water the 
difficulties are even greater, since, unlike other undercooled liquids, water exhibits a 
rapid rise in specific heat and rapid approach of density to that of the crystalline phase as 
the temperature is reduced (Angell, 1983).

However, the classical theory of homogeneous nucleation is the only predictive 
model available, and provides a useful basis for discussion even though it involves a 
number of dubious assumptions. According to this theory, the free energy of formation

Authors' address: Department of Applied Biochemistry and Food Science, Nottingham University 
School of Agriculture, Sutton Bonington, Loughborough, Leics, LE12 5RD, U.K.

’ Present address for correspondence: MRPRA, Brickendonbury, Hertford, Herts, SG14 8NL, U.K.
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(A F ) of an ice-like cluster of water molecules (assumed here to be a sphere of radius r) is 
given by

AF (r )  =  | i r r 'A  + 4 tr r V w (1)

where A  is the bulk free energy of formation of unit volume of ice from the solution (a 
negative quantity) and criw is the macroscopic surface energy of the ice-solution interface 
(a positive quantity). Differentiation shows that a critical radius exists

r* = - 2  a™  IA  (2)

such that clusters with r <  r* are unstable, but any cluster that reaches r* by a chance 
fluctuation will act as a centre of growth for ice. As a first approximation we may neglect 
the temperature dependence of crlw, and use the simple expression

A  -  - ( T T / T 02)AT (3)

where L  is the latent heat per unit volume of ice, T0 is the melting point of ice and AT is 
the undercooling of the solution (equal to TE- T  where TE is the equilibrium freezing 
point of the solution). Plots of r* versus  AT obtained in this way are given in Fig. 1. As 
there is no ambiguity, cr is written in place of cr'w.

Size of critical cluster

No. water molecules 

r* (nm)

F ig u re  1. Relationship of undercooling (AT) and the radius of the critical cluster (r*) for 
aqueous solutions (a = 2.5 x 10_2//m2, L = 3.07x 108//m3).
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The rate of nucleation is thus limited by the kinetic barrier to chance growth of 
sub-critical clusters to the critical size. Making further approximations, the rate of 
formation of nuclei per unit volume, J  (/m:i/sec), is a function of temperature (Muhr, 
1983; Franks, Mathias & Trafford, 1984):

J = K, (cr T )vi<j>2 exp( —A//k7) e x p (-K 2<r7A72T :!) (4)

where </> is the volume fraction of water in the solution, A/is the free energy of activation 
of diffusion of the slowest moving component of the solution, and K, and K2 are 
obtained from fundamental constants and constants relating to pure water and have the 
values (Muhr, 1983):

K, -  2 .4 0 x l0 4Or ^ m V ,
K 2 -  6 .0 6 x  10IB m6K5J -:!.

Plots of (4) with cr, Af  and TE as parameters are given in Fig. 2. As A/probably increases 
rapidly as A T increases (Stillinger, 1980; Angeli, 1983), Fig. 2 (in which the parameter A/ 
is independent of temperature) is only a schematic representation.

From equation 4 it can be seen that solutes can affect J  for a given value of AT by: 
(i) a lte r in g  cr; Fig. 2 (curves 1,2 andò) shows that small changes in cr greatly affect J.

Figure 2. R a te  o f hom ogeneous nucleation  (J) as a function o f undercooling ( AT )  with cr, TE
an d  A /a s  p a ram eters .
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(ii) a lte r in g  A/; solutes increase A/at temperatures greater than T E, but by reducing 
the ‘structuring’ of water they may tend to offset the rise in A/observed in undercooled 
water. Rasmussen & MacKenzie (1972) have tried to interpolate A/ in some under
cooled solutions (assuming a viscosity of 1013 poise at the glass transition tempera
ture) but their values are by no means certain.

(iii) re d u c in g  TE; this will reduce J  at a given value of AT chiefly because e x p (-K 2cr3/ 
A r 2r 3) gets smaller as T  falls (for constant AT  and cr), but the lower value of T should 
also lead to a smaller value of exp(—A//k7). In comparison, the pre-exponential factor 
of T 'h- can be regarded as virtually constant.

(iv) a lte r in g  4>; since </>2 occurs only as a pre-exponential factor this effect will not be 
significant.

Experimental investigations of homogeneous nucleation are usually conducted on 
an emulsion of the solution in an inert carrier fluid. For a sufficiently small droplet size 
this confines motes, otherwise capable of inducing heterogeneous nucleation (and 
subsequent widespread crystallization), to a negligible proportion of the population.

The remaining large number of droplets thus freed from heterogeneous crystal
lization provides a statistically adequate number of independent nucleation events (one 
per droplet) to give useful information about 7 in a single temperature scan. For 
aqueous solutions either the volume (Rasmussen & MacKenzie, 1973) or the enthalpy 
(Rasmussen & MacKenzie, 1972) of the emulsion is monitored as a function of T. From 
Fig. 2 it can be seen that for a given droplet size, the number of droplets freezing per 
second passes from an extremely low value (i.e ., negligible probability) to an extremely 
large value (i.e ., all droplets freeze after a short time), over a short temperature 
interval. The temperature at which /  becomes one per droplet per second is a 
representative point within this short temperature interval, and is spoken of as ‘the 
temperature of homogeneous nucleation’, T H. For pure water (choosing the reasonable 
estimates cr =  2 5 x ICE3 J/m 2 and Af  = 23.57 kJ/mol), for droplets of volume lCF16m3
(i.e ., radius ~  3 /inn and J  =  1016/m3/sec), use of Fig. 2 curve 2 gives TH----- 41°C,
which is near to the observed value (TH =  —38.5°C, Rasmussen & MacKenzie, 1972). 
The extreme sensitivity of T u  to cr makes measurement of TH a sensitive method of 
determining cr. However, the values so obtained are the fruits of a theory based on 
dubious assumptions.

It is expected from the theory (in particular, as a consequence of equation 3) that all 
solutes (at a moderate concentration so that T E is not too low) will depress T H by only a 
little more than the colligative depression of the equilibrium freezing point 
(ATE =  T„— T e ). In practice, however, the depression of TH is around 2ATH for micro- 
molecular solutes, and up to 6 ATE for macromolecular solutes (Franks, 1983; 
Rasmussen & MacKenzie, 1972). Rationalization of such large depressions of T H in 
terms of altered values of cr and/or A/ seems difficult to reconcile with the linear 
dependence of the depression of T u  on AT E, and a full explanation of the phenomenon 
perhaps requires a fresh theoretical approach (Rasmussen, 1982).

(2) H e te r o g e n e o u s  n u c lea tio n
Just as solutes can alter the free energy of formation of an ice-like cluster by altering 

cr|W, so may the free energy of a cluster be reduced if part of the solution-cluster 
interface is replaced by a substrate-cluster interface for which the interfacial energy (crsl) 
satisfies crsl <  o-'w+crws. The appearance of o-ws (the solution-substrate interfacial 
energy) on the right hand side of the inequality is a result of the traditional assumption
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that it is the total free energy change which is involved, and this includes a contribution 
from the replacement of substrate-solution interface by substrate-ice interface.

This classical capillary approach is useful for examining the effect of size and shape 
of nucleating particles, and has been applied to a wide range of substrate geometries 
(Fletcher, 1969). It is generally accepted that no substance has surface characteristics 
more favourable for the nucleation of ice than ice itself. For our purposes it is sufficient 
to note that an ‘ideal’ nucleating agent (crsl =  o-lw—<rws) can only bring about nucleation 
with certainty if the undercooling attains the value (characteristic of the size of the 
mote) at which the radius of the critical cluster equals that of the mote. For smaller 
undercoolings, the presence of the mote does enhance the probability of nucleation in a 
given time, but as with homogeneous nucleation, the probability becomes negligible for 
undercoolings which are only a little less than the characteristic value. Figure 1 may now 
be interpreted as giving the minimum possible radius of a mote as a function of the 
undercooling at which it induces nucleation.

Small ice-nucleating particles will generally be engulfed by a single nucleation 
event, so that a given mote will give rise to a single nucleation event at a fairly sharply 
defined temperature (characteristic of its size and surface properties). For a population 
of motes, the number of nucleation events per unit volume on cooling the suspension to 
a temperature T  is referred to as the ‘cumulative nucleus concentration’, and on 
differentiation yields the spectrum of activity of the motes (Vali, 1971).

Similarly to that for homogeneous nucleation, the model for heterogeneous 
nucleation predicts that the presence of solutes which do not affect <r'w or A/, will not 
appreciably affect the undercooling at which nucleation occurs at concentrations such 
that Te is not too greatly depressed. Few studies have tested this prediction but it does 
not appear to be greatly at variance with experiment (e.g., Pruppacher & Neiburger,
1963).

The size criterion generally prevents substances in true solution from acting as 
nucleants. However, polysaccharides can exist in solution as long, stiff molecules which 
may aggregate. On the size criterion alone, therefore, it is plausible that in some 
circumstances polysaccharides (in solution or in gel form) could act as nucleants. This 
ability would also require crsl to be small (and crsw to be large). The most important 
surface characteristics of ice nucleating substrates appear to be the existence of exposed 
nydrogen bonding groups of strength comparable to the hydrogen bonds in ice, but 
more sparsely distributed (Garten & Head, 1965), and a low lattice mismatch with ice 
'Evans, 1965). Some polysaccharides might have an appropriate surface chemistry. 
Even if the polysaccharides have no nucleating activity themselves, they may affect the 
activity of motes from other sources by altering their surface properties (by adsorp
tion)— such an effect has been postulated for other types of polymer (Caple et a l. , 
1983).

Experimental methods

(1) M a ter ia ls  a n d  p re p a ra tio n  o f  so lu tio n s
Details of the stabilizers used are given in Table 1. They were stored as the air dry 

powders at room temperature. In this work no allowance was made for the moisture 
content of the powders, so that weights quoted for the stabilizer actually include a small 
percentage of moisture.

Solutions of stabilizers in distilled and deionized water were prepared by slowly
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Table 1. Suppliers and specifications of stabilizers

Stabilizer Supplier
Viscosity
grade

Batch
number

Reported
viscosity
cps

Approx, 
mean DP

'Celacol' British Celanese M20 T7562 20* —

methyl cellulose Limited M450 T6250 450* —
(purified) M2500 T4698 2500* —

'Courlose' British Celanese F20 780 20t —

sodium carboxy- 
methyl cellulose 
(purified)

Limited F75 715 75+

'Manucol' Alginate DF 359522 25+ -----.
sodium alginate Industries DH 362451 60+ 400
high mannuronate Limited DL 368031 175+ —

content (high 
purity grade)

DM 363152 300+ 680

Guar gum Sigma Chemicals — 56C-0234 — —

Locust bean gum Sigma Chemicals — 18C-0397 — —

Xanthan gum Sigma Chemicals Grade 11 88B -0 200 — —

*2%  aqueous solutions, 20°C. 
+1 % aqueous solutions, 25°C. 
+ 1 %  aqueous solutions, 20°C.

adding the desired quantity of stabilizers (in powder form) to water (100 ml) in a conical 
flask. The liquid was stirred continuously by means of a magnetic flea during addition of 
the powder and until a clear solution was obtained.

Solutions of stabilizers in sucrose solutions were, however, prepared by a different 
method. A stock solution of sucrose (analytical grade) in distilled and deionized water 
was first prepared, and stored in a refrigerator. For each sample solution, a preweighed 
quantity of stabilizer (in powdered form) was added, with rapid mixing using a high 
speed Silverson vortex mixer, to 150 ml of the stock sucrose solution. This method was 
faster than that used previously and had the advantage (for experiments on hetero
geneous nucleation) that the possibility of variable mote concentration in the different 
batches of deionized water (which might otherwise have been used) was eliminated.

The sample solutions were stored in sealed containers at 4°C for a maximum of 
6 weeks to reduce the possibility of microbial activity.

(2) H o m o g e n e o u s  n u c lea tio n

(a) M e th o d :  d if fe re n tia l  sc a n n in g  ca lo r im e try  (D S C ). A preliminary study was made 
of homogeneous nucleation in stabilizer solutions using the emulsion technique as 
described by Rasmussen & MacKenzie (1972). Two methods were used for emulsifi
cation. In the first method, a 50:50 mixture of sample solution and 5% Span 65 
(sorbitan tristearate) in n-heptane was shaken in a vial and then passed five times
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through a fine (no. 26) hypodermic syringe needle under considerable pressure. In the 
second method, an ultrasonic disintegrator (M SE model 150W) was used to emulsify a 
mixture of sample solution and excess 5% span 65 in «-heptane contained in a small 
beaker. The approximate droplet size distribution of the emulsions was assessed 
microscopically. The second method produced a finer dispersion (most droplets in the 
range of 1 -3  /um) than the first (most droplets in the range 5 -1 5  /rm). The extra step of 
passing the emulsion through packed 100 mesh gauze, used by Rasmussen & Mac- 
Kenzie (1972) did not result in any appreciable refinement of the emulsions.

The instrument was a Perkin-Elmer DSC II. To enable operation at low tempera
tures, the heat sink reservoir was filled with liquid nitrogen. Helium was supplied to the 
head at a pressure of 25 psi and a positive pressure of nitrogen was maintained in the 
glove box surrounding the head. The sample size was approximately 5 mg and the runs 
were performed by cooling at 10°C/min from 300 to 200 K (or lower if necessary) using a 
sensitivity of 10 mcal/sec.

(3) H e te r o g e n e o u s  n u c lea tio n
Attempts were made to investigate heterogeneous nucleation by studying coarse 

emulsions using DSC. However, no technique for producing sufficiently uniform 
emulsions of large droplets to give reproducible heterogeneous nucleation peaks could 
be found. For this reason, a new technique was developed to study heterogeneous 
nucleation in stabilizer solutions by direct observation.

It was discovered that the growth of ice in 0.75 g/ml sucrose solutions (58.6 wt%) 
was so slow that when a bulk sample is cooled by immersion, a great number of different 
centres of ice formation are initiated before sufficient growth occurs to cause mutual 
interference. This is in sharp contrast to dilute solutions in which dendritic invasion of 
the whole of the undercooled solution follows rapidly after the first ice nucleus forms. In 
0.75 g/ml sucrose solution the ice crystals (henceforth referred to as ‘nuclei’) appear as 
opaque white spherulites or hexagonal ‘pill boxes’ suspended in the transparent sol
utions (Figs 3 -5 ) . They are thus easily counted, as a function of undercooling, allowing 
an easy assay of the presence of motes in the solution. The slow growth of ice in 
concentrated sucrose solutions has also been exploited in studies of ice nucleation in 
fogs (Mason, 1961).

To determine the number of nuclei formed at a chosen temperature, the stabilizer 
solutions were transferred to graduated U tubes which were then immersed in a 
well-stirred bath of industrial methylated spirit (IMS) set at the chosen temperature 
(Fig. 6). After a standard incubation time the number of visible nuclei was counted and 
divided by the known sample volume to give the cumulative nucleus concentration at 
the selected temperature..

The U tubes were made from lengths of perspex tubing (internal diameter 5.15 mm, 
wall thickness 1.57 mm), bent using the steam from a kettle to the shape of the window 
of the tank. The horizontal length of each tube was marked off in four sections, 5 cm 
long each, using a pipe cutter to produce fine graduation marks. This enabled four 
determinations of the cumulative nucleus concentration to be made in each experiment. 
The stabilizer solutions were introduced into the U tubes with the aid of a syringe. This 
method had the advantage that very viscous solutions could be handled easily, and also 
that, by attaching a rigid tube to the syringe, a sample of the stabilizer solution could be 
extracted from the air free bulk of the solution below any foam formed after agitation 
with the Silverson mixer (Celacol solutions were particularly prone to foaming). The 
filled U tubes were immersed in the freezing tank. It was shown, by means of a
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Figure 3. 'Nuclei' formed in a 0.75 g/ml sucrose solution at -30°C (test tube diameter 1 cm).

thermocouple junction inserted into a U tube and connected to a chart recorder, that 
within 5 min the sample solution always reached equilibrium with the temperature of 
the stirred IMS. For this reason, the nuclei were counted exactly 7 min after immersion, 
thus allowing 2 min for the growing nuclei to reach a visible size. In practice, however, 
the number of nuclei/ml was not very sensitive to the ‘incubation1 time.

Figure 4. 'Nuclei' formed in 0.75 g/ml sucrose. 0.011 g/ml Manucol DM solution at -22°C.
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Figure 5. 'Nuclei' formed in 0.75 g/ml sucrose, 0.011 g/ml Manucol DM gel at -22°C.

S p e c if ic  tests o f  n u c le a tin g  ab ility
In the above experiments, the stabilizers were in true solution (except for micro

crystalline cellulose). Further experiments were undertaken to check the effect of 
gelation and for the presence of undissolved stabilizers and other substances as pro
moters or inhibitors of ice nucleation.

The effect of gelation on the nucleating ability of Manucol DM was assessed on a gel 
prepared by adding a freshly made slurry of 1 g glucono-S-lactone, 0.45 g Na2H P 0 4 
and 0.05 g C a H P 0 4 in 50 cm3 of stock 0.75 g/ml sucrose solution to 1.1 g Manucol DM 
dissolved in a further 50 ml of stock 0.75 g/ml sucrose solution. The mean cumulative

F ig u re  6. D iagram  o f freezing tank and U -tube apparatus.
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nucleus concentration observed at — 22°C was compared to that found in the absence of 
C a H P 0 4, which, in consequence, did not gel.

Secondly, a qualitative assessment of the nucleating ability of a range of solid 
materials was undertaken by covering a few milligrams of each material (contained in a 
test tube) with enough stock 0.75 g/ml sucrose solution to half fill the test tube, which 
was then immersed in the tank at -23°C . The surface of the sucrose solution was sealed 
from the air by a layer of paraffin in order to prevent nucleation by frost particles.

Results

(1) H o m o g e n e o u s  n u c lea tio n
Typical thermograms are shown in Fig. 7. In all cases a sharp peak (width ~  7°C, or, 

for the highest sucrose concentration, ~  9°C) was present, corresponding to homo
geneous nucleation. The effect of sucrose and stabilizer on the peak maximum tempera
ture (the experimental TH) is given in Table 2.

The results show that the effect of the stabilizers on T H is small, and indeed that any 
effect is masked by experimental scatter. The effect of sucrose in depressing T H is in 
agreement with the results reported by MacKenzie (1977). The significantly lower 
values of T H for the emulsions prepared by the second method can be explained by the

Figure 7. DSC thermograms recorded during the cooling of emulsions (15% sucrose and 15% 
sucrose+0.3% Manucol DM emulsified in excess 5% span 65 in /¡-heptane).
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Table 2. The effect of sucrose and stabilizers on the temperature of the 
homogeneous nucléation peak maximum (TH)

Sample
Em ulsificat ion TH for individual 

experiments °CSolutes g/ml method

none pure water first -38.2
Celacol M2500 0.02 first -36.2
Courlose F75 0.01 first -39.2
Manucol DM 0.01 first -37.4
Manucol DM 0.03 first -39.2, -39.2

sucrose 0.15 first -40.7
sucrose 0.15 "[■ first r -39.2, -40.7. -40.9.
Manucol DM 0.003 J \ -41.0, -40.8

sucrose 0.339 first -44.2
sucrose 
Courlose F75

0.339 
0.006 -/ first -45.7

sucrose 
Manucol DM

0.339 ' 
0.006 ,  ̂ first -45.2

sucrose 0.65 first -58.7
sucrose 
Manucol DM

0.65 )
0.012 J* first -60.5

sucrose 0.75 first -70.0. -71.2
sucrose 
Manucol DM

0.75 Ì  
0.015 J first -72.0

sucrose 0.15 second -43.9, -43.2
sucrose 
Manucol DM

0.15 5 
0.003/ second -44.2

smaller droplet size. If the mean droplet sizes are roughly 10 and 2 /xm  respectively, 
then, for the same nucleation rate per droplet at T H, J  will be approximately 100 times 
larger (per unit volume) for the finer emulsion at TH. Inspection of the curve corres
ponding to cr =  2 5 x l0 ~ 3 J/m 2 in Fig. 2 shows that for J  — 1/droplet/sec, a 100 fold 
increase in J  will indeed require a lowering of the temperature by ~  3°C. It is thus 
apparent that the thorough characterization of the droplet size distribution is a pre
requisite for the detection of differences in the rate of homogeneous nucleation caused 
by the addition of stabilizers (Michelmore & Franks, 1982). It is possible that the size 
distribution is slightly different in each sample, the difference, however, significantly 
affecting TH.

The thermograms for emulsions of solutions containing Manucol DM had the 
unusual feature of a marked exothermic response preceding the sharp homogeneous 
nucleation peak (Fig. 7). The irreproducible nature of this exothermic activity indicates 
that it probably originates from heterogeneous nucleation in a statistically inadequate 
sample of the larger droplets. Since on prior examination, the emulsions of Manucol DM 
did not have an exceptionally high number of large droplets, either Manucol DM 
increases the incidence of heterogeneous nucleation and/or it destabilizes the emulsion. 
The former possibility is strongly supported by the observation that (at a cooling rate of 
40
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10°C/min) freezing of bulk (i.e ., not emulsified) 0.75 g/ml sucrose solution takes place 
partly by homogeneous nucléation, whereas on the addition of Manucol DM (or other 
alginates) freezing is complete before TH is reached (Fig. 8). Growth rate studies 
indicate that the alternative explanation of this observation— that Manucol DM 
increases the ice crystal growth rate— is untenable (Muhr & Blanshard, 1986).

Figure 8. DSC cooling curves of non-emulsified solutions of 0.75 g/ml sucrose solution, one 
also containing 0.015 g/ml Manucol DM.

(2) H e te r o g e n e o u s  n u c léa tio n
Figures 9 -1 2  give the cumulative nucleus concentrations for the stock 0.75 g/ml 

sucrose in deionized water solution (the control), for a range of stabilizer solutions 
prepared by dissolving 1 g stabilizer in 150 ml of the stock 0.75 g/ml sucrose solution, 
and for a 0.75 g/ml solution of commercial granulated sugar in tap water. The results 
show that the stabilizers investigated exhibit a range of nucleating abilities.

Figure 9. Numbers of ice nuclei by heterogeneous nucléation observed in 0.75 g/ml sucrose 
aqueous solution as a function of temperature using tap and deionized water.
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Figure 10. The effect on heterogeneous nucléation of dissolving the specified stabilizers 
(1 g) in the stock 0.75 g/ml sucrose solution ( 150 cm').

Figure 11. The effect on heterogeneous nucléation of dissolving the specified stabilizers 
( 1 g) in the stock 0.75 g/ml sucrose solution ( 150 cm3).

Figure 12. The effect on heterogeneous nucléation of dissolving the specified stabilizers 
(1 g) in the stock 0.75 g/ml sucrose solution ( 150 cm3).
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T h e  m eth y l cellu loses (C elacols) and  xan than  gum  w ere found to  have a slightly 
in h ib ito ry  effec t (F ig. 10). Sodium  p e c ta te , SC M C  (the  C ourloses) and m icrocrystalline 
ce llu lo se  slightly  in c reased  the nuclei/m l (Fig. 11). A  substan tia l increase in the  nuclei/ 
m l w as o b se rv e d  fo r the  sodium  alg inates (M anuco ls), show n in Fig. 12.

T h e  a m o u n t o f  nuc lea tio n  a ttr ib u te d  to  the stabilizers is put in to  perspective  by the 
cu rv e  re p re se n tin g  0.75 g/m l com m ercia l g ranu la ted  sugar in tap  w ater (Fig. 9). It can 
b e  seen  th a t ta p  w a te r a n d /o r  g ran u la ted  sugar contain  a large popu la tion  o f ice 
n u c le a tin g  m o tes , m any  o f w hich are  rem oved  by purification . T he results for the stock 
su c ro se  so lu tio n  (the  co n tro l) and  for the im pure  sugar so lu tion  (providing the p e r
sp e c tiv e )  a re  show n as b ro k en  lines for com parison  in each of the Figures. It is ev iden t 
th a t  th e  on ly  stab ilizers w hich co n trib u te  significantly to  the incidence o f he terogeneous 
n u c le a tio n  a re  th e  a lg ina tes (M anucols).

S ince all th e  s tab ilize r so lu tions w ere p rep a red  using the sam e techn ique and the  
sa m e  sto ck  sucrose  so lu tion , it is reaso n ab le  to  assum e th a t the difference in nucleation  
b e h a v io u r  o b se rv e d  m ay indeed  be a ttr ib u te d  to  th e  stabilizers. F u rth e r strong  suppo rt 
fo r  th is  in te rp re ta tio n  com es from  the  linear dep en d en ce  o f the cum ulative n u m b er of 
n u c le i/m l on  th e  co n c e n tra tio n  o f  M anucol D M  (Fig. 13).

Concentration
(g Manucol DM in 150 cm3 stock 0 . 7 5  g /c m 3 sucrose solution)

Figure 13. The effect of the concentrations of Manucol DM on heterogeneous nucleation in 
0.75 g ml/sucrose stored at -21.4 and -20.4°C.

It is n o t c le a r  from  these  exp erim en ts  w h e th er the  significant increase in nucleation  
o b se rv e d  fo r a lg in a te  so lu tions resu lts from  the  po lysaccharide m olecules them selves or 
fro m  so m e o th e r  m ate ria l p resen t in the  M anucol sam ples. H ow ever, since a substantial 
p e a k  fo r h o m o g en eo u s  nuclea tion  at -3 9 .2 ° C  was o b ta in ed  for an em ulsion o f 3%  
M a n u c o l D M  (T ab le  2) it seem s un likely  th a t the  po lysaccharide m olecules are  d irectly  
re sp o n s ib le . F u r th e r  su p p o rt for this conclusion com es from  a prelim inary  study of 
n u c le a tio n  in a film o f 0.75 g/m l sucrose , 0.007 g/m l M anucol D M  solution using a cold 
s tag e  m ic ro sco p e  w ith  an  eyep iece  graticu le  to  form  a re ference  grid. It was found  th a t 
o u t  o f  15 nucle i w hich fo rm ed  in the  field of view on initial cooling, the position  o f 10 
w e re  scarce ly  a lte re d  a fte r  thaw ing  and  refreezing  several hours later. T he  o th e r five 
n u c le i h a d  e ith e r  m oved  significantly o r could  no t be identified. It was no ted  th a t the 
first n u c le i to  fo rm  re a p p e a re d  in the  m ost rep roduc ib le  m an n er on refreezing . This 
o b se rv a tio n  p o in ts  to  solid partic les ( i .e ., inclusions) being the m ajo rity  nucleating  
a g e n ts , r a th e r  th a n  th e  stab ilizer m olecu les, w hich should  be in a s ta te  o f dynam ic
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(a lb e it  slugg ish ) m o tio n . H ow ever, a synergistic effect o f the alg inate m olecules and the 
m o te s  p re se n t in th e  stock  sucrose so lu tion  canno t be ru led  ou t.

(3) G e n e r a l  n u c le a t in g  a b il i ty
C o m p a riso n  o f  th e  m ean  cum ulative  nucleus co n cen tra tio n  in a gel and solution  of 

M a n u c o l D M  has show n th a t the  m ean  cum ulative nucleus concen tra tion  form ed in the 
gel (a t ~ 2 2 °C ) w as 12/ml (see Fig. 5), w hile the  m ean  n u m b er o f nuclei/m l form ed in 
so lu tio n  ( a t - 2 2 ° C )  p re p a re d  in the  sam e way as the  gel, bu t with 0.5 g NaJHPCF, and 
no  C a H P 0 4, w as 14.5/m l (see Fig. 4). T hus gela tion  brings abou t, if any th ing , a very 
s ig h t re d u c tio n  in th e  incidence o f nuclea tion  in the  a lg inate-sucrose solu tion  system . 
T h is  p ro v id e s  fu r th e r  ev idence  th a t the  po lysaccharide  m olecules are n o t involved in the 
n u c le a tio n  p ro c e ss , b ecause  ge la tion  drastically  affects the m obility and confo rm ation  
o f  th e  p o ly m e r m o lecu les b u t does n o t g reatly  a lte r any th ing  else.

T h e  e x p e rim e n ts  on  the  in h e ren t nucleating  ability  o f d iffe ren t m ateria ls  have 
sn o w n  th a t  d e sp ite  nuc lea tio n  in the stock sucrose solu tion  being an unlikely event at 
— 23°C (F ig . 9 ), very  m any  nuclei fo rm ed  on the  surface o f crystals o f cholestero l 
im m e rse d  in th e  stock  sucrose so lu tions, in ag reem en t w ith the  w ork of H ead  (1961).
1 ,3 -d is tea rin  ex h ib ited  sim ilar activity  to  cho leste ro l, a lthough  the free fa tty  acids 
(o a lm itic , s te a ric  and  lauric) show ed no  nucleating  ability . Several nuclei fo rm ed  on 
g lycero l m o n o s te a ra te , show ing it to  have m o d era te  ice nucleating  ability, w hile the 
o th e r  em ulsifie rs Span  60 (so rb itan  m o n o seara te ) and  Span 65 (so rb itan  tris tea ra te ) 
d e m o n s tra te d  no activ ity . A  very few nuclei fo rm ed  on the  surface o f M anucol D M  
p o w d e r , w hile  m icrocrysta lline  cellu lose, C ourlo se  F75 (SC M C ), C elacol M 450P 
(m e th y l ce llu lo se ), locust b ean  gum  and  gu ar gum  w ere com pletely  inactive. T he 
m e th o d  th u s  rap id ly  d em o n s tra te d  th a t n one  o f the  stabilizers w ere very active 
n u c le a tin g  ag en ts  in solid  fo rm , a lthough  M anucol D M  and glycerol m o n o stea ra te  
(o f te n  u sed  as an ice c ream  em ulsifier) do  have som e nucleating  ability.

Discussion and conclusions
(1) H o m o g e n e o u s  n u c le a t io n

A cc o rd in g  to  hom o g en eo u s n uclea tion  th eo ry , T H is extrem ely  sensitive to  any 
ch an g e  in a .  T H will a lso  be  low ered  if T E is dep ressed  o r  if A /is  increased. It is believed 
tn a t  s tab ilize rs  have  neglig ib le effect on  T E (M uhr & B lanshard , 1983). T he  fact tha t 
t hey a lso  h av e  no  significant effect (a t low co n cen tra tio n ) on  T H shows th a t n e ith e r a  nor 
A /is  sign ifican tly  ch an g ed . S trictly  speak ing , this conclusion only holds at tem p era tu res  
in  th e  reg io n  o f  Th . T h e  resu lts are  in line w ith the  w ork  o f M ichelm ore & F ranks
(1982), w ho  fo u n d  th a t P E G  does no t affect cr and  changes A /to  an ex ten t w hich w ould 
o n ly  b e  a p p re c ia b le  a t m uch  h igher co n cen tra tio n s than  those  used in the  p re sen t w ork 
fo r  s tab ilize rs .

(2) H e te r o g e n e o u s  n u c le a t io n
T h e  ap p ro x im a te ly  exponen tia l increase  in cum ulative he terogeneous nucleus 

c o n c e n tra tio n  as the  te m p e ra tu re  is low ered  is fairly typical o f he te ro g en eo u s nucleation  
re su lts  (V a li, 1971). T h e  on ly  stab ilizers w hich significantly increased  the  incidence of 
h e te ro g e n e o u s  n u c lea tio n  (over and  above th a t o f tap  w ater and g ranu la ted  sugar) w ere 
th e  M an u co ls  (sod ium  a lg inates). T h e  re la tive  inactiv ity  o f  the  o th e r stabilizers is in 
acco rd  w ith  th e  w ork  o f  P aru n g o  & W ood  (1968), w ho found  th a t agar, gela tin , pectin , 
o v a lb u m in , B S A , R N A  an d  D N A  (as 0 .0 1 -1 %  so lu tions) have negligible effect on the
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n u c lé a tio n  te m p e ra tu re  o f  w ater. T he  slight red u c tio n  in the incidence o f nucléation  fo r 
x a n th a n  gum  o b se rv ed  h e re  m ight arise from  an inh ib ito ry  effect o f the  polysaccharide 
m o lecu le s  on  m o tes  p re-ex isting  in th e  stock  sucrose solu tion  (C aple e t a l . , 1983).

In  th e  case  o f  th e  M anuco ls, it seem s m ost likely th a t the  increased  incidence of 
h e te ro g e n e o u s  n u c léa tio n  resu lts from  foreign m otes ra th e r  than  from  the  po lysacchar
id e  m o lecu les  them selves. S m idsr0d & H aug  (1968) found  th a t th e ir alg inate sam ples 
w e re  c o n ta m in a te d  w ith  app rox im ate ly  spherical partic les (p robably  of p lan t orig in) o f 
d ia m e te r  4 0 -1 2 0  nm ; possib ly  th ese  a re  the  active m otes responsib le fo r the  results in 
th is  w o rk . S am ples o f o rgan ic  deb ris  from  a w ide varie ty  o f origins have been  found  to  
h a v e  ice n u c lea tin g  ab ility  (Schnell & V ali, 1976) and  it is qu ite  likely th a t such debris is 
p re s e n t  in  im p u re  ice c ream  ingred ien ts.

T h u s , e ith e r  as a resu lt o f such im purities o r  because  o f th e ir  intrinsic p ro p ertie s , it is 
p o ss ib le  th a t o th e r  ing red ien ts used in frozen  confectionery  could increase the 
in c id en ce  o f  h e te ro g e n e o u s  nuc léa tio n , p e rh ap s in excess o f the  effect observed  fo r the 
M an u co ls . F o r  ex am p le , accord ing  to  the  facto rs m en tio n ed  in the in troduc tion , it is 
co n c e iv a b le  th a t fa t g lobules co a ted  w ith th e  em ulsifier glycerol m o n o stea ra te  (thus 
p ro v id in g  a su rface  w ith  exposed  hydroxyls) could  act as nucleating  agents.

T h e  freez in g  p o in t o f  0.75 g/m l sucrose so lu tion  (58.6 w t% ) is — 11.2°C w hile th e  o n 
se t te m p e ra tu re  fo r significant h e te ro g en eo u s  n ucléa tion  in the  alg inate so lu tions is 
a b o u t -  18°C. W e m ay  thus an tic ipa te  (from  the  discussion o f the  ‘colligative’effect for 
th e  n u c lé a tio n  te m p e ra tu re  in the  in tro d u c tio n ) th a t an undercooling  o f roughly  6°C is 
re q u ire d  a t an y  sucrose  co n cen tra tio n  b efo re  the  a lg inates (o r the inclusions w ithin 
th e m )  in itia te  ice fo rm a tio n .

(3) I c e  n u c lé a t io n  in  f r o z e n  c o n fe c t io n e r y  p r o d u c ts

T h e  ice crysta l te x tu re  o f frozen  confec tionery  p roducts is de te rm in ed  partly  by 
in itia l fo rm a tio n  o f  ice du rin g  freezing and partly  by su b seq u en t changes during  sto rage. 
T h e  sign ificance o f  th e  nucléa tion  resu lts fo r bo th  p rocesses can now  be exam ined.

Ice  c ream  is in itia lly  frozen  by continuously  scraping th e  mix from  the  re frigerated  
w all o f  a m e ta l d ru m , so th a t the  initial ice crystal pop u la tio n  is largely d e te rm in ed  by 
f ra c tu re . O n ly  a m assive  increase  in th e  incidence o f nucléa tion  w ould significantly 
a ffec t th is  co m p lica ted  p rocess, so the  effect o f stab ilizers on  rheological p roperties  
w o u ld  b e  o f  g re a te r  conseq u en ce  th an  th e ir  effect on nucléation . F o r ice lollies which 
a re  so lid ified  in qu ie scen t cond itions, it has been  observed  th a t the  initial ice crust o n  the  
w all o f  th e  m o u ld  arises from  only on e  o r  tw o nucléation  events. M oreover, the  tex tu re  
o f  th e  su b se q u e n t g row th  o f th e  crust inw ards is p robab ly  con tro lled  by constitu tional 
u n d e rc o o lin g , an d  n o t by  fu rth e r  nucléa tion  (M uhr, 1983). T he  nucleating  ability o f 
e v e n  th e  M an u co ls  w o u ld  thus be o f no  significance during  ice lolly p roduction .

F u r th e r  n u c lé a tio n  o f  ice m ay occur during  sto rage  o f  frozen p roducts, and  if so 
w o u ld  b e  significant fo r the  ra te  o f  coarsen ing . H ow ever, bearing  in m ind th a t in bulk 
sam p les  th e  coo ling  ra te  will be  sm all, it seem s m ost unlikely  th a t undercoolings as g rea t 
as 6°C  w o u ld  o ccu r d u ring  h a rd en in g  o r  sto rage  (a t fluctuating  te m p era tu re ) o f ice 
c re a m . W hile  p e rh a p s  o th e r  ing red ien ts m ay nuclea te  ice during  cooling cycles, and 
th u s  h e lp  to  k e e p  th e  n u m b er o f  ice crystals large and  th e ir  size sm all, none o f the 
s ta b iliz e rs  s tu d ie d  cou ld  p rev en t th e  coarsen ing  o f ice cream  by such a m echanism .

A lte rn a tiv e ly , ice c ream  m ay coarsen  during  sto rage  (even a t a constan t te m p e ra 
tu re )  by  O stw ald  ripen ing . T he  driv ing force fo r coarsen ing  by this m echanism  is the  
to ta l  su rface  energ y  o f  the  p o p u la tio n  o f ice crystals, which is d ecreased  w hen  large 
c ry s ta ls  g row  a t th e  expense  o f  sm all crystals. F rom  the  hom ogeneous nucléa tion
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e x p e r im e n ts  it a p p e a rs  th a t stab ilizers do  n o t significantly affect the driving force for 
C s tw a ld  r ip e n in g , b ecau se  they  do  n o t affect cr. H ow ever, they  m ay in terfere  w ith  the 
k in e tics  o f  rip e n in g  by affecting  the  grow th  ra te  o f  ice (M uhr & B lanshard , 1986).

In  co n c lu s io n , som e stab ilizers do  affect the  h e te ro g en eo u s nucleation  o f ice, bu t 
n o t  to  an  e x te n t w hich is significant fo r frozen  confec tionery  p roducts.
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Anthocyanin colorants from Elderberry ( S a m b u c u s  

n i g r a  L .) IV. Further studies on production of liquid 
extracts, concentrates and freeze dried powders

K. B R 0N N U M -H A N S E N * A N D  J. M. F L I N K t

Summary
A n th o c y a n in  ex tra c tio n  from  e ld erb erry  pom ace is im proved  by m echanical d isin te
g ra tio n  an d  use o f  aq u eo u s  HC1 in p lace o f acidified e thano l as ex trac tan t, w ith pH  
b e in g  im p o rta n t in d e te rm in in g  e x trac tan t effectiveness. E x trac tion  at low so lven t: 
n o m a c e  ra tio s  gives ex trac ts  o f h igher con cen tra tio n  and  low er volum e, bu t w ith 
re d u c e d  efficiency. E nzym e p re tre a tm en ts  do not im prove ex tractab ility  from  ex ten 
sively  c ru sh e d  p o m ace , and  if o f ex ten d ed  d u ra tio n , can resu lt in an thocyanin  b re a k 
dow n . V acu u m  ev a p o ra tio n  o f ex tracts  gave little loss o f an thocyanins, and  com bined 
w ith  fre e z e  d ry in g , p ro d u ced  m ateria ls  w ith high an thocyan in  re ten tion .

Introduction
In te re s t  in  n a tu ra l co lou ring  agents has been  increasing as the  safety of artifical colours 
has  b e e n  q u e s tio n e d . A m o n g  those  investigated  are  an thocyan ins, generally  derived  
fro m  c ra n b e rry  (F u lek i & F rancis, 1968a; C h iriboga & Francis, 1970; S apers, Jones & 
M a h e r , 1983) an d  g rap e  (P hilip , 1974; M etiv ier, F rancis & C lydesdale, 1980), since the 
so lid s re m a in in g  a fte r  ju ice /w ine  p roduc tion  can be a good , relatively inexpensive 
so u rc e  o f  an th o cy an in s .

In D e n m a rk , e ld e rb e rry  is cu ltiva ted  fo r p roduc tion  o f various food p roducts, 
in c lu d in g  ju ice  and  so u p , from  w hich residues con tain  large am ounts o f an thocyanins. 
E a r l ie r  s tu d ie s  on  recoveries  o f e ld e rb erry  an thocyan ins by an ex traction  and  freeze
d ry in g  p ro cess  (B r0 n n u m -H an sen , Jacobsen  & F link , 1985; B r0nnum -H ansen  & Flink, 
1985a), an d  s to rag e  stab ility  o f th e  p roducts o b ta in ed  (B r0nnum -H ansen  & F link, 
1985b) a re  co n tin u e d  as a study  o f add itiona l factors influencing ex traction  behav iou r, 
p o te n tia l  fo r  c o n c e n tra tio n  o f the  ex tracts  p rio r to  freeze drying, and fu rth e r evalu
a tio n s  o f  fre e z e  dry ing  b eh av io u r o f  th e  ex trac ts  and concen tra tes.

Materials and methods
R a w  m a te r ia l

E ld e rb e rr ie s  (S am bu  varie ty ) w ere o b ta in ed  from  the research  o rchards (P om ete t) 
a t th e  R o y a l V e te rin a ry  and  A gricu ltu ra l U n iv ersity ’s R esearch  Farm  at T a s tru p , 
D e n m a rk . T h e  e ld e rb e rr ie s  w ere rem oved  from  th e ir  stem s by hand  and  then  frozen 
a n d  s to re d  a t — 25°C . F rozen  m ateria l was thaw ed  by placing at room  tem p era tu re  
o v e rn ig h t.
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address: National Board of Health, Drug Standardization Laboratory, Br0nsh0j, Denmark); and 
tDepartment for the Technology of Plant Food Products. The Royal Veterinary and Agricultural University, 
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Correspondence: Professor J.M. Flink. KVL-VLT. 1 horvaldsensvej 40, DK-1S71 Frederiksberg. 
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P r e s s in g  o f  e ld e r b e r r y
F ro z e n /th a w e d  e ld e rb e rries  (100 o r 200 g depen d in g  on  the am oun t o f pom ace 

re q u ire d  fo r ex tra c tio n ) w ere  pressed  in a labo ra to ry  hydrau lic  press at a p ressu re  o f 
100 a tm  fo r 10 sec, and  then  allow ed to  fall for 2 min (generally  falling close to  0 ), 
a f te r  w hich  it w as re leased .

E x t r a c t io n  o f  e ld e r b e r r y  p o m a c e
In th e  g e n e ra l ex trac tio n  p ro ced u re , the  pom ace sam ple (generally  5 g) w as g round  

in a m o r te r  w ith  50 m l o f  ex trac tio n  so lven t, and the  m o rta r w as rinsed w ith  a fu rth e r 50 
m l o f  so lv en t. T h e  d is in teg ra ted  pom ace  was then  ex trac ted  at room  tem p e ra tu re  for 
b e tw e e n  2 - 3 0  m in  (genera lly  10 m in) w ith stirring , and  filtered . T he  residue  was 
re -e x tra c te d  by  s tirring  w ith m o re  so lven t (50 m l), and  filtered . This was re p ea ted  the 
d e s ire d  n u m b e r  o f  tim es, each  ex trac t being  analysed  individually . A t each step , the 
v o lu m e  o f  e x tra c t reco v e red  w as m easu red  to  allow calcu lation  of an thocyanin  am ounts 
e x tra c te d . In  te s ts  req u irin g  la rger am oun ts o f  identical m a te ria l, several lots o f  pom ace 
w e re  ex tensive ly  c ru sh ed  ind ividually  in a m o rta r  and  poo led  p rio r to  tak ing  m ateria l 
fo r  ex tra c tio n . R e su lts  w ere  co rrec ted  fo r the  sm all changes in pom ace m o istu re  and 
a n th o c y a n in  co n te n ts  arising  in crushing.

A n t h o c y a n i n  c o n c e n t r a t io n
T o ta l an th o cy an in  co n cen tra tio n  and  D eg rad a tio n  Index  (D I) values w ere 

m e a su re d  using th e  sp ec tro p h o to m e tric  pH  d ifferen tia l m ethod  (Fuleki and  F rancis, 
1968b; W ro ls ta d , 1976). A n thocyan in  con cen tra tio n  w as expressed as cyanidin-3- 
g lu co sid e , th e  m a jo r  an thocyan in  com pound  in e ld e rb erry  (B r0nnum -H ansen  & 
H a n se n , 1983).

B e fo re  m e asu rin g  %  re te n tio n  o f  an thocyan ins follow ing ev apo ra tion , freeze  con 
c e n tra t io n  o r  freeze  d ry ing , the co n cen tra te  was re -d ilu ted  o r reh y d ra ted  to  the  orig inal 
v o lu m e . A n th o c y a n in  co n cen tra tio n s  befo re  and  a fte r ev apo ra tion  o r drying are  thus 
m e a su re d  a t th e  sam e sam ple  solids co n ten t. T ab u la ted  values for the  an thocyanin  
c o n c e n tra tio n s  in th e  co n cen tra tes  a re  from  the  und ilu ted  concen tra tes.

Results and discussion
In th is  sec tio n  and  in T ab les  the  abb rev ia tion  A cy is used  for anthocyanins (as in mg 
A c y /g  b e rr ie s ) . T o  co m p are  ex trac tion  resu lts for d iffe ren t experim en ta l series, w here  
raw  m a te ria ls  m ay vary , it is necessary  to  express ex trac tion  efficiency as %  to ta l 
a n th o c y a n in  in the  raw  m a te ria l ex trac ted . O nly  w hen the  sam e raw  m ateria l is u sed , is 
it p o ss ib le  to  co m p a re  an thocyan in  co n cen tra tio n  in th e  ex tracts , o r am ounts ex tracted .

T o ta l A cy  p re se n t in the  raw  m ateria l w as generally  d e te rm in ed  by trip le  ex traction  
o f  th e  e ld e rb e rry  p o m ace , as m ost o f  th e  e ld e rb erry  an thocyan in  is ex trac ted  in the  first 
3 e x tra c tio n  s te p s , w ith  the  increm en ta l yield th e re a fte r  falling sharply  (B rdnnum - 
H a n se n  e t a l . , 1985).

I n f l u e n c e  o f  v a r io u s  f a c to r s  o n  e x tr a c tio n  e f f ic ie n c y

P o m a c e  d is in te g r a t io n .  T o  exam ine the  influence o f pom ace d isin teg ra tion  on 
e x tra c tio n  efficiency, sam ples o f  pom ace  (5 g) a t fo u r levels o f d is in teg ration  
(u n tr e a te d ,  e ssen tia lly  w hole sk ins), slightly cru shed  (skins b roken  in to  several 
f ra g m e n ts ) , ex tensive ly  cru shed  (skin b ro k en  to  sm all partic les), and  m acera ted
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(e ssen tia lly  h o m o g en eo u s  m ass) w ere  ex trac ted  fo r 30 m in with 100 ml 0.1 M HC1. 
C ru sh in g  w as co n d u c te d  in a m o rta r , w hile m acera tion  was conducted  in a W aring 
B le n d e r.

A n th o c y a n in  ex trac tab ility  increases (T ab le  1) w ith d eg ree  o f d isin tegration  up to 
m a c e ra tio n , w hich d id  n o t give increased  ex trac tion . A lthough  high yields w ere 
o b ta in e d  w ith  m a c e ra tio n , in som e tests the  finely d isin teg ra ted  m acera ted  sam ples 
gave  b lo ck ag e  p ro b lem s during  vacuum  filtration . A s extensive crushing p rio r to 
e x tra c tio n  is o p tim a l, th is was ad o p ted  as the  s tan d a rd  m ethod  in this study.

T a b le  1. Effect of degree of pomace disintegration on 
anthocyanin extraction behaviour

Treatment

Acy concentration 
in first extraction
(mg/1)

%  Total Acy* 
in first 
extraction

Untreated pomace 712 73
Slightly crushed 753 80
(in mortar)
Extensively crushed 860 90
(in mortar)
Macerated 844 87
(2 min in blender)

*Acy in pomace: 17.9 mg Acy/g pomace.

E x t r a c t io n  s o lu t io n  c o m p o s i t io n .  M ost an thocyan in  ex tractions rep o rted  in the 
l i te ra tu re  a re  b ased  on  acidified alcohols (M eO H  o r E tO H ) (e .g ., F uleki & Francis, 
1968b; C h irib o g a  & F rancis, 1970). A s B r0nnum -H ansen  e t al. (1985) recom m ended  
0 .1 M FIC1 as th e  best pom ace  ex trac tan t fo r e ld e rb erry , it was o f in terest to  com pare  the 
tw o  system s. F u r th e rm o re , as B rd n n u m -H an sen  e t al. (1985) had n o ted  im proved 
effic iency  w ith  in creasing  co n cen tra tio n  o f  citric acid , the  ex traction  efficiencies o f F1C1 
a n d  c itric  acid  so lu tio n s w ere  com pared  a t the  sam e pH  values to  d e term ine  if the  effect 
w as d u e  to  p H . S ince the  p H  d iffe ren tia l m ethod  is used fo r m easuring  an thocyanin  
c o n te n ts  ( i .e . ,  a t p H  1 and  4 .5 ), the  pH  differences o f the  ex tracts do  no t influence the 
ana ly sis  te c h n iq u e . R esu lts  (T ab le  2) a re  given for a single raw  m ateria l, so effective
n ess  b e tw e e n  tre a tm e n ts  can  be  co m p ared  d irectly  using d a ta  for the  to ta l m g A cy/g dry 
p o m a c e .

HC1 e x tra c tio n s  a t p H  1 -2  are  m ore effective than  e ith e r o f the  acidified E tO H  
so lu tio n s  re c o m m e n d e d  in the  lite ra tu re , confirm ing o u r ea rlie r results. A nthocyan in  
e x tra c tio n  (T o ta l m g A cy /g  d ry  pom ace) v e r su s  pH  gives sim ilar behav iou r fo r bo th  HC1 
a n d  c itric  acid  so lu tio n s, indicating  th a t so lu tion  pH  is the  de term in ing  fac to r for 
a n th o c y a n in  ex trac tab ility . S o lu te  concen tra tio n s req u ired  to  ob ta in  th e  sam e pH  
v a lu es  a re  q u ite  d iffe ren t (T ab le  2), m aking  HC1 the  p re fe rred  ex trac tan t. A  concen
tra t io n  o f  0 .1 M HC1 is p re fe rred  as it p roduces the  h ighest an thocyanin  concen tra tion  in 
th e  first ex tra c t.

B r0 n n u m -H a n se n  & F link  (1985a,b) show ed th a t changes in anthocyanins occurred  
in fre e z e  d rie d  ex trac ts  a t p H  1 o r 2 and  thus freeze drying a t pH  3 w ould be p referred . It 
is now  c lea r th a t to  o b ta in  th e  m ost sa tisfacto ry  yields, th e  pom ace should  be ex tracted  
a t low  p H  and  th e n  th e  ex trac t ad ju sted  to  pH  3 b efo re  freeze drying, instead of
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Table 2. Effect of solvent composition on extraction of anthocyanins

Acy cone. (mg Acy/I) Total Acy* 
extracted
(mg Acy/g pomace)Solution pH Extn. 1. Extn. 2

990 EtOH: cone. HC1 c i r c a  0.3 ' 769 323 10.0
(99.9:0.1)

960 EtOH: 1.5 M HCI 1.15 1113 658 16.4
(85:15)

Citric Acid 13.30 1.61 1754 1111 23.3
1.8C 2.18 885 939 16.4
0.30 2.60 515 513 9.4

HCI pH 1.0 1.03 1787 869 23.0
1.5 1.50 1407 1241 24.0
2.0 2.00 1034 1034 17.9
2.5 2.50 439 484 8.3
3.0 2.97 370 349 6.4

"Based on 5 g pomace extracted twice with 50 ml solution (pomace solids = 48.90 ). 
:'pH in pure alcohol not necessarily a precise measure of H concentration.

e x tra c tin g  w ith a HC1 so lu tion  at the pH  desired  for freeze drying. In earlie r studies 
( B r ^ n u m - H a n s e n  & F link , 1985a,b), freeze d ried  sam ples w ere p rep ared  by ad justing 
low  p H  ex trac ts .

Solvent: Pomace ratio. T he so lv en t:p o m ace  (S :P )  ra tio  is an im portan t ex traction  
p a ra m e te r ,  as it influences the  an thocyan in  d is tribu tion  betw een  solvent and pom ace 
(a t e q u ilib riu m ), and  thus the con cen tra tio n  in the  ex trac t, as well as the am oun t o f 
so lv e n t w hich m ust be processed  in subsequen t process steps. For a satisfactory  overall 
y ie ld , th e  an th o cy an in  co n cen tra tio n  in the  ex tract should  be as high, and the ex tract 
(so lv e n t)  vo lum e as low as possible.

T h e  effec t o f  S: P ra tio  on  various ex traction  p a ram ete rs  was investigated . Typical 
re su lts  (T a b le  3) show  th a t w hile the  co ncen tra tion  of an thocyanin  in the first ex traction  
in c re a se s  s tro n g ly  as the  S : P ra tio  decreases , at ratios o f 10 and below , this occurs at the 
e x p e n se  o f  a n th o cy an in  yield (decreasing  % o f to tal Acy in the  first ex tract). T he overall 
y ie ld  can  be im proved  by conducting  add itional ex tractions of the  pom ace. In the 
ex a m p le s  g iven , an thocyan in  yields above 93%  are ob ta in ed  with th ree  and four 
e x tra c tio n s  fo r S : P =  5 a n d S :P  =  2.5, respectively , the  an thocyanin  concen tra tion  for 
th e  seco n d  e x trac tio n s  fo r S :P  =  5 o r 2.5 being abou t equal to  the first ex tractions of 
S :P  =  2 0 o r  10, respectively .

T h e  v o lum e o f so lven t req u ired  to  ex trac t 100 g pom ace under the respective S :P  
c o n d itio n s , and  the  average  an thocyan in  con cen tra tio n s in bu lked  ex tracts are  given in 
T a b le  3. A s th e  S : P ra tio  falls, sm aller volum es o f a h igher anthocyanin  concen tra tion  
a re  o b ta in e d , th ough  w ith a d ecreased  overall yield. For given raw m aterial and process 
c o s ts , an  o p tim u m  S : P ra tio  can be d e te rm in ed . A  S : P ra tio  o f 10 was generally  used in 
th is  s tu d y  to  p ro v id e  enough  so lu tion  fo r fu rth e r processing, a lthough low er S :P  ratios 
m ig h t have  been  p re fe rred  (T ab le  3).

V ary in g  e x tra c ta n t a liquo t vo lum e, num ber o f ex tractions and ex traction  tim es 
w ith in  to ta ls  o f 400 ml and  32 m in show ed th a t m ultip le ex tractions w ith sm aller 
v o lu m es o f  e x tra c ta n t fo r sh o rte r  tim e periods gave increasing ex traction  yields (T able
4). W ith  th e  50 ml ex trac tio n s, only th ree  ex tractions o f 4 min each w ere possib le, due to
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T a b le  3. Influence of solution : pomace ratio on extraction of anthocyanins

Solution : pomace 
ratio*

Total 
number of 
extractions

Acy cone. (mg Acv/I) '  : of Total Acy
Solution 
required to

Extn. 1 Extn. 2
Blended
extracts Extn.

Total g pomacei 
1 extractions (ml)

40 43(1 34 228 92 100* 8000
20 P 860 85 463 91 1(H)* 4000
20 P 559 101 482 89 I0(F 4(XX)
10 2 1125 325 955 81 995 2(XX)
5 3 2110 641 1206 68 945 1500
2.5 4 4220 1225 1800 52 9.35 HXX)

‘Total Acy = 17.9 mg Acy/g pomace.
'■'Total Acy = 19.3 mg Acv/g pomace (pomace solids = 24.4f 7). 
t  Includes S : P ratio and number of extractions.
*ForS:P = 40 extraction volume was 200 ml: for all others 100 ml.

T a b le  4. Dependence of anthocvanin extractabilitv on individual extraction volume and duration for multiple 
extractions at constant total solution volume (400 ml) and time (32 min)*

Total 
number of 
extractions

Solution 
volume for 
extraction 
(ml)

Duration
per
extraction
(min)

Acy cone, 
for blended 
extracts 
ml
(mg Acy/I)

Total mg

8/100

Acv extracted (min/ml)

16/200 32/4IX)

Total
ml
recovered

1 400 32 415 ___ — 160 .385
2 200 16 632 — 129 227 360
4 100 8 748 73 146 26.3 351
35 50 4 1519 132 178t — 117

‘Extract 10 g pomace (pomace solids = 48.9r7).
¿This was intended to be eight extractions. Filtration problems limited this to three extractions. 
¿Value of 178 mg Acy is for 12 min/150 ml.

f iltra tio n  p ro b le m s, b u t the  to ta l an thocyan in  ex trac ted  in 150 ml (12 m in) is m ore  than 
in 200 ml (an d  16 m in) fo r the o th e r  sam ples. T hus m ultip le-batch  o r continuous 
e x tra c tio n s  a t low S :P  ratios are the  m ost effective for recovering e lderberry  
a n th o c y a n in s .

E n z y m e  t r e a tm e n ts  p r io r  to  p r e s s in g  o r  e x tr a c tio n . T h ere  a re  m any repo rts  on juice 
p ro d u c tio n  by d isso lu tion  o f cell wall and  cytoplasm  m acrom olecule com ponents. 
E n zy m e  tech n o lo g y  could  possibly im prove an thocyan in  ex tractab ilitv , o r even 
e lim in a te  th e  ex tra c tio n  s tep  a lto g e th e r (F lo res & H ea th erb e ll. 1984). A  pectolytic 
en zy m e m ix (P e c to la se , G rin d sted  P roducts) and a cellu lo ly tic/pecto ly tic  enzym e mix 
(R o h a m a t P C , R ohm  G m b H ) w ere  exam ined  in a series o f tests conducted  at room 
te m p e ra tu re . W h en  add ed  to  the  e ld e rb e rries  p rio r to  pressing (for e ith e r 4 o r 20 hr), 
th e re  w as little  ev id en ce  fo r im proved  an thocyan in  ex tractab ility . T here  was a tendency 
fo r a b e tte r  first ex trac tio n  for the  enzym e trea ted  sam ples, though  afte r two ex tractions 
o f  th e  p o m a c e , all sam ples w ere ex trac ted  to  the sam e level (abou t 9 7 -9 9 % ).
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A d d in g  enzy m e to  th e  pom ace p rio r to  ex traction  gave som e im provem ent for 
u n c ru sh e d  p o m ace  (T ab le  5) fo r a 2 h r tre a tm e n t in the  first ex tract (abou t 20%  higher) 
a n d  a slightly  h ig h e r to ta l ex trac tion . F o r crushed  pom ace , trea tm en t w ith low enzym e 
leve ls  fo r  20 h r  gave im proved  ex trac tion  in o ne  experim en t (results not show n), whilst 
in  a n o th e r , 20 h r tre a tm e n t w ith h igher enzym e dosage levels resu lted  in greatly  
re d u c e d  an th o cy an in  co n cen tra tio n s, due to  deg rad a tio n  reactions (T able 5). E nzy
m a tic  d e g ra d a tio n  o f th e  cell wall will resu lt in fo rm ation  o f low m olecu lar w eight 
c a rb o h y d ra te s  w hich can  u ndergo  undesired  brow ning reactions w hen freeze-d ried  as 
0 .1  M FICI ex trac ts  (F link , 1983). In o ne  test, in which an experim en ta l (n o n 
c o m m e rc ia l)  cell w all deg rad ing  enzym e w as used  on the  pom ace, the freeze dried  
m a te r ia l w as b lack  an d  h ad  un d erg o n e  s truc tu ra l co llapse; this never h ap p en ed  w ith the 
re g u la r  0.1 M HC1 ex trac ts . It ap p ears  th a t enzym e add ition  does no t significantly 
im p ro v e  an th o cy an in  ex trac tio n  if th e  pom ace is crushed  p rio r to  ex traction .

T a b le  5. Effect of enzyme treatment on anthocyanin extractability

Treatment 
prior to extraction

Time
(hr)

Anthocyanin extracted (mg/g pomace)1

Uncrushed sample Crushed sample

1st extn. Total 1st extn. Total

None — 15.1 19.9 18.1 20.4
1 ml pectolase 2 18.0 20.4 18.1 19.5
5 ml pectolase 2 19.2 21.6 16.7 18.0
5 ml pectolase 20 2.2 2.5 0.9 1.0
100 mg Rohamet PC 2 20.3 21.8 19.8 21.3
100 mg Rohamet PC 20 14.8 15.8 13.3 14.3

’ Based on 5 g treated pomace extracted twice with 0.1 m HC1 (100 ml).

C o n c e n t r a t io n  a n d  f r e e z e  d r y in g  o f  a n th o c y a n in  e x tra c ts

F r e e z e  c o n c e n t r a t io n .  A  sim ple freeze co n cen tra tion  m ethod  was utilized. A  500 ml 
g lass b o ttle  co n ta in in g  450 ml an thocyan in  ex trac t was frozen at -2 0 ° C . T he frozen 
e x tra c t w as th e n  partia lly  thaw ed  in a m icrow ave oven by sequen tia l 2 m in exposures at 
d e f ro s t se ttin g  (p o w er =  210 w atts). A fte r  each 2 m in p erio d , the m elted  m ateria l was 
s e p a ra te d  an d  th e  vo lum e and  an thocyan in  co n cen tra tio n  m easured . In a typical test, 
o n e -h a lf  th e  o rig in a l sam ple  w eight co n ta in ed  71%  o f the  anthocyanins, giving a 
c o n c e n tra tio n  fa c to r  o f  1.5. T h e  residual m a te ria l, w hich still con ta ined  29%  o f the 
a n th o c y a n in s , cou ld  be  recycled . T h e re  was no ind ication  o f anthocyanin  d eg radation  
a n d  th u s  th is is a sim ple labo ra to ry -scale  m ethod  fo r ob ta in ing  co ncen tra te  o f high 
q u a lity .

V a c u u m  e v a p o r a t io n  o f  a n th o c y a n in  e x tra c ts . Several tests w ere conducted  using a 
la b o ra to ry  v acu u m  ro ta ry  ev a p o ra to r  o p era tin g  at 125 to rr  (b .p . (FFO ) =  56°C) and  a 
b a th  te m p e ra tu re  o f  80°C , w here  it to o k  ab o u t 10 m in to  co ncen tra te  50 to  25 ml in a 250 
m l ro u n d -b o tto m  flask , o r  100 to  50 in a 500 m l flask.

R e su lts  o f  th re e  ev ap o ra tio n s  w ith 50 m l ex trac t sam ples are show n in T ab le  6. A 
c o n c e n tra t io n  o f  17.3 is o b ta in e d  by initially  ‘d ry ing’ the  sam ple u n d er vacuum , and  th en
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dissolving the residue in a minimum amount of water. This was a simple method of 
obtaining highly concentrated material, in which there is no loss of anthocyanins, and 
the degradation index (DI) does not vary with concentration, while pH decreased with 
increasing concentration.

T a b le  6. Effect of vacuum evaporation on pH, anthocyanins, 
acid retention and degradation index (DI) of extracts*

Cone.
factor
(wb/wb)

pH of
cone.

Acidf
retn.
%

Acy levels (mg/1 )

D.I.cone. %  retn.

2.21 0.82 95 629 100 1.16
5.77 0.42 97 1763 100 1.17

17.30 ca. 0 96 4914 97 1.18

‘Original sample = 50 ml; flask volume = 250 ml. pH 
1.18, Acy 285 mg/1, D.I. 1.21.

TBased on titration with 0.1 M NaOH.

In a second test series, anthocyanin extracts at 3 pH values, with or without 1% 
maltodextrin (DE = 20), a freeze drying structure stabilizer, were evaporated about 
two-fold. While there was no loss of anthocyanin at pH 1 and 2, or pH 3 with 
maltodextrin, there was some loss at pH 3 in the absence of maltodextrin (Table 7). 
Thus vacuum evaporation can be used to rapidly concentrate anthocyanin extracts 
without loss of the anthocyanin component, though with lower pH, which can be of 
some importance.

T a b le  7. Effect of extract pH and 1 %  maltodextrin (MD) addition on vacuum evaporation of 
anthocyanin extracts

Acy levels'!'

Extract
PH

Cone, facti 
(v/v)

Sample pH
Acid retn
9 i

.* cone. 
(mg/1)

%  retn.
D .I.Ïoriginal cone.

1 1.92 1.01 0.76 103 1320 96 1.13
1 MD 1.76 1.01 0.76 103 1158 97 1.13
2 1.76 2.00 1.76 100 1175 100 1.13
2 MD 2.21 2.00 1.64 102 1456 99 1.13
3 1.91 2.91 2.66 91 1142 84 1.14
3 MD 1.92 2.91 2.79 95 1175 100 1.13

‘ Based on titration with 0.1 M NaOH.
■^Original extract: 637-687 mg Acy/1 (depending on MD addition and pH adjustment); 
D.I. = 1.10-1.18.
±D.I. =Degradation Index.

Combined vacuum evaporation and freeze drying. Anthocyanin extracts prepared at 
three different concentrations using different solvent:pomace ratios were vacuum 
evaporated approximately two-fold. Maltodextrin was either added to the extract prior 
to evaporation, or after evaporation to give 2.5 or 5% in the final concentrate. These 
gave ‘extracts/concentrates’ with anthocyanin concentrations varying from 650 to 5000
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mg Acy/litre and maltodextrin levels of 0, 2.5 and 5%. These concentrates were then 
freeze dried at ambient temperature conditions. All samples were analysed for antho- 
cyanin and hvdrogen-ion retention before and after evaporation, and after freeze 
drying; the physical structure of the freeze dried material was visually assessed.

In all cases (Table 8), the anthocyanin retention is greater than 90%. While the pH 
of the evaporated samples decreases, the pH of the rehydrated freeze dried material has 
increased, indicating a loss of hydrogen ions during freeze drying. The retention of 
hydrogen ions during freeze drying depends on the level of maltodextrin present (very 
low retention without maltodextrin) and is essentially independent of the anthocyanin 
concentration. The structure of the freeze dried material depends on both maltodextrin 
and anthocyanin concentrations, an increase in either giving a better structure. At the 
low anthocyanin concentration a maltodextrin concentration above 5% is necessary for 
good structure, whilst at the highest concentration (5000 mg Acy/litre), only 2.5% is 
necessary. Practically, addition of maltodextrin prior to evaporation is preferred as the 
lower extract viscosity will make mixing easier.

Conclusions
The extractability of anthocyanins from elderberry pomace is improved by a mechan
ical disintegration. Macerating the pomace in a blender did not improve extraction, and 
in some cases, resulted in filtration problems.

Aqueous HC1 is superior to acidified ethanol as extractant and pH is important for 
extractant effectiveness. HC1 was preferred to citric acid due to the lower solute 
concentration at equal pH values. For preparing freeze dried powders, it is desirable to 
extract at low pH to obtain the highest yield and then increase pH prior to freeze drying.

Low solvent: pomace ratios gave extracts of higher concentration and lower 
volume, but with reduced extraction efficiency. Multiple extractions at low S:P ratios 
improved extraction efficiency, whilst total volumes were still low. At a given overall 
S:P ratio and extraction duration, extraction efficiency will be increased by using a 
continuous process.

Enzyme pretreatments did not improve extractability from extensively crushed, 
previously frozen pomace. Enzyme pretreatment of fresh pomace was not investigated, 
but little difference is expected (Brdnnum-Hansen et al., 1985). Extended treatments 
can result in anthocyanin breakdown.

By a simple freeze-concentration process, 1.5-fold concentrates were prepared with 
no anthocyanin loss. Vacuum evaporation of extracts gave little loss of anthocyanins, 
even with a seventeen-fold concentration. A drop in pH is generally noted.

Freeze drying of extracts, or vacuum evaporated concentrates, produced materials 
with high anthocyanin retention independent of the initial anthocyanin concentration, 
and independent of addition of maltodextrin prior to freeze drying. The loss of 
hydrogen ions during freeze drying, which was reduced by increasing maltodextrin 
concentration, resulted in a higher pH in the rehydrated powder than in the original 
extract. The structure of the freeze dried material depended on the maltodextrin and 
anthocyanin concentrations, with no cake being observed in the absence of maltodex
trin. To prepare high concentration extracts for freeze drying, it is preferable to add 
maltodextrin prior to evaporation, rather than add it at the desired level to the 
evaporated extract.
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Residual NO;3, N 0 1 , carbonyl and TBA values of 
Turkish soudjouk manufactured by adding different 
starter cultures and using different ripening 
temperatures

H. Y. G O K A L P

Summary

No standard technologically based manufacturing method exists for dry, fermented, 
spicy Turkish style sausage (soudjouk) and current techniques yield unacceptable, 
mostly rancid and putrid products with high levels of residual NO)) and NOö. A 
standard method of soudjouk processing was developed. Three different starter 
cultures (Lactobacillus plantarum, L. plantarum + Micrococcus aurantiacus, L. 
plantarum+M. aurantiacus+Debaryomyces hansenii) were added to the soudjouk 
mixture and ripened at three different temperatures (12-14, 16-18 and 20-22°C). The 
addition of mixed cultures significantly reduced the residual NCG and NOT levels, 
increased the lipid soluble carbonyl levels, and produced low thiobarbituric acid values 
in the ripened soudjouks. For better quality characteristics, addition of D. hansenii is 
advisable and a ripening temperature of 20-22°C should be used.

Introduction
Turkish soudjouk is a spicy, typically dry, fermented sausage manufactured from beef, 
water buffalo meat and/or mutton and usually contains 10% tail fat of fat-tailed sheep. 
No standard technologically based method of soudjouk manufacture has been devel
oped (Gökalp & Ockerman, 1985), causing serious problems as characteristic soudjouk 
quality attributes may not develop and end products are generally rancid and putrid 
(Aktan, 1979; Erta§ and Gögü§, 1980; Gökalp, 1984).

A basic component of fermented sausage processing is bacteria producing lactic acid 
(Deibel, Niven & Wilson, 1961; Nurmi, 1966; Coretti, 1977), but in Turkey soudjouk 
processing depends upon chance inoculation from the individual meat plant. Develop
ment of suitable starter cultures for soudjouk processing has been very limited. The use 
of pure cultures of Lactobacillus casei v. alactosus or Pediococcus cerevisiae (Özer & 
Ozalp, 1968) and L. plantarum and P. cerevisiae (Erta§ & Gögü§, 1980) was recom
mended, but two different commercial starter cultures, Bactoferment (Özer & Özalp, 
1968) and Duploferment (Yildirim, 1977) were not satisfactory.

Lactobacillus and Micrococcus are two widely used genera of bacteria for fermented 
sausage starter cultures. Among the micrococci, M. aurantiacus is commonly used for 
nitrate reduction, and it may eliminate hydrogen peroxide (Niinivaara, 1955; Nurmi, 
1966; Coretti, 1977; Favier et al., 1980). Lactobacillus plantarum is the Lactobacillus 
predominantly used for acid production (Nurmi, 1966; Eilberg, 1978; Favier et al.,
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1980). Fermented sausage starter cultures may be single bacterial strains or mixed 
cultures, usually of lactobacilli or micrococci (Nurmi, 1966; Krylova et al., 1976; 
Coretti, 1977; Winter, 1977; Bacus & Brown, 1981), and the addition of certain strains 
of mould and yeast, especially the yeast Debaryomyces hansenii, to European fer
mented sausages improves flavour and colour development (Rossmanith & Leistner. 
1972; Coretti, 1973).

The levels of NOT NO:i and N-nitrosamine in soudjouk sold in Turkey are generally 
very high and vary greatly (Özdemir, Bati & Gökalp, 1984). One method of reducing 
residual NO% NO7 and N-nitrosamine in fermented sausage products might be to use 
mixed starter cultures, e.g., micrococci and lactobacilli. Appropriate mixed cultures 
give a reliable and rapid pH drop and accelerate the reduction of nitrate to nitrite 
(Deibel etal., 1961;Nurmi, 1966; Krylova etal., 1976;Sutik, 1978). Effective reduction 
of nitrate to nitrite, and possibly to nitric oxide (NO), which readily combines with 
myoglobin to form nitrosomyoglobin (cured colour), would lower the required levels of 
these added salts (Coretti, 1973; Winter, 1977; Eilberg, 1978;Sutik, 1978). The level of 
lipid soluble carbonyl compounds, which contribute to the unique flavour character
istics of fermented sausages (Nurmi & Niinivaara, 1964; Demeyer, Hooze & Mesdom,
1974), could also be increased by starter cultures, especially those containing catalase 
active Micrococci (Nurmi & Niinivaara, 1964; Cantoni etal., 1967). Little information 
is available on lipid oxidation of soudjouk, other than very low 2-thiobarbituric acid 
(TBA) values found in soudjouk from starter cultures (Erta§ & Gögü§, 1980).

Another process parameter, ripening temperature, has not been optimized, 
although different manufacturers have been using temperatures varying from 12 and
25-30°C: research workers have indicated temperatures ranging from 12-14 to 18- 
20°C. Relative humidity (% RH) and ventilation of the ripening rooms have not been 
mentioned at all (Özer & Özlap, 1968; Özhan. 1975; Erta§ & Gögü§, 1980).

The objective of this investigation was to study the effect of L. plantarwn as a single, 
and L. plantarwn, M. aurantiacus and D. hansenii as mixed, cultures on the residual 
NOii, NO7 levels, lipid soluble carbonyl levels and TBA values during and at the end of 
the ripening period of soudjouk samples ripening at three different temperatures 
(12-14, 16-18 and 20-22°C). The duration of the ripening period and some other 
chemical, physical, microbiological and organoleptic quality characteristics of the 
samples are discussed elsewhere (Gökalp & Ockerman, 1985; Gökalp, 1986).

Materials and methods
Soudjouk mixture

The formulation used for the soudjouk samples was: 45% beef, 45% water buffalo 
meat, 10% tail fat; plus, as the percentage of the total meat and fat mixture, the 
following additives and spices: 2% salt, 1% garlic, 0.7% red pepper (similar to chilli), 
0.5% black pepper, 0.9% cumin, 0.25% pimento, 0.6% sucrose, 0.25% refined olive 
oil, 0.033% NaNOs and 0.005% NaNOo. The olive oil was added to soften the mixture 
and to help in peeling the casing from the soudjouk while preparing it for eating.

Additives and spices were added during mincing of the meat using a 2.5 cm plate 
mincer. The mixture was held at 0-4°C for 12 hr, and then re-minced using a 3 mm plate 
while frozen tail fat was slowly added. The ground mixture was then mixed well and 
divided into four equal parts of dough for the three different starter cultures and for the 
control.
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Lyophilized starter cultures (L. plantarum Lb8, M. aurantiacus Mc56 and D. 
hansenii HI29; Federal Meat Research Institute, Kulmbach) were activated and total 
viable counts determined by plating before adding to the soudjouk mixture. The broth 
and agar media used for activation, growth and total plate count were APT (all purpose 
medium with Tween) for L. plantarum-, TGE (tryptone glucose extract) for M. 
aurantiacus-, and YM (yeast medium) for D. hansenii. The inoculum were sprayed on to 
the corresponding dough in sterile water (100 ml) as the dough was thoroughly mixed. 
The numbers of active microorganisms added to the three portions of soudjouk dough 
were 3.4x10' L. plantarum/g mixture; 3.4xl07 L. plantarum plus 3.6x10' M. 
aurantiacus/g mixture; and 3 .4 x 10‘ L. plantarum plus 3 .6 x 107 M. aurantiacus plus
3 . 2  x 10' D. hansenii/g mixture. This level of inoculum is similar to those recommended 
elsewhere (Nurmi, 1966; Rei et al., 1973). Nothing was added to the control group.

After the addition of the cultures, dough was stuffed into air dried bovine small 
intestine, and soudjouk links weighing 250-275 g were made, tied on a long string, and 
washed with pressured water. Subgroups of each were held in ripening rooms at 12-14,
16-18 and 20-22°C, ventilated at 0.5-1.5 m/sec. The RF1 was 95% on the first day, 
90-95% on the second and fourth days and then gradually decreased to 80-85% on the 
sixth day and continued at this level until the end of the ripening period.

Ripening was considered to be completed when the water content had fallen to 
about 35% (Aktan, 1979; Gokalp, 1984). Soudjouks made with L. plantarum + M. 
aurantiacus+ D. hansenii were ripened at 20-22, 16-18 and 12-14°C in 9, 12 and 17 
days respectively. The ripening periods of the soudjouk containing L. plantarum + M. 
aurantiacus were very similar. Ripening periods for the soudjouk with L. plantarum 
were 12, 14 and 18 days and for the control groups 15, 16 and 19 days.

Analyses
Two links of soudjouk were randomly selected from each group for chemical analyses 

on the first day of the ripening and at 3-day intervals. Casings were removed with a knife 
and the soudjouk were separately ground in a small grinding machine. Duplicate 
analyses were carried out on each sample.

Determination of residual NO7 and NO7 content
Residual NO^ and NO7 values were determined by the modified methods of 

Ockerman (1976) and Muneta (1980) using a specific ion meter (Orion Research, 
Model 407A with Model 93-07 nitrate. Model 90-02 reference and Model 95-46 NO7 

electrodes) calibrated using specific standard solutions.

Isolation and determination of lipid soluble carbonyl compounds
Concentration of hexane-soluble total carbonyls was determined by a modification 

of the methods of Lawrence (1965), Dimick, MacNeil & Grunden (1972) and Thomas, 
Dimick & MacNeil (1971). The procedure was based upon the conversion of carbonyls 
into their 2,4-dinitro-phenylhydrazine (DNPF1) complexes and then extraction of lipid 
soluble carbonyls with carbonyl-free hexane. Ten grams of soudjouk sample were 
homogenized with 40 ml distilled water in a small blender, DNPH complexes of 
carbonyls were developed by rinsing the homogenate with 50 ml DNPFI reagent and 6 
hr allowed for the completion of the reaction. The DNP hydrazones of carbonyls were 
then extracted using successive 60 and 40 ml portions of carbonyl-free hexane. DNP 
hydrazone concentration was determined by reading the absorbance at 340 nm with the
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carbonyl-free hexane as a blank. A molar extinction coefficient (E) of 22500 was used 
(Jones, Holmes & Seligman, 1956) to calculate the concentration of DNP dérivâtes. 
These results were referred to as total carbonyl concentration and expressed as /xmol of 
total lipid soluble carbonyl per 10 g of soudjouk sample.

TBA analysis
The degree of rancidity in each soudjouk sample was objectively measured by using 

TBA analysis. The procedure was the modified method of Tarladgis et al. (1960) and 
Ockerman (1976). Mean values are reported as mg malonaldehyde/kg of soudjouk or 
TBA numbers.

Organoleptic evaluation of the fried soudjouk
On completion of ripening, one soudjouk link from each group of soudjouk was 

randomly chosen and evaluated by a laboratory panel consisting of eight trained 
panellists. The casing was removed and the soudjouk was cut into slices of 1 cm 
thickness, fried, and evaluated for flavour, odour, juiciness, off-flavour and odour and 
general acceptability using a 1 to 9 hedonic scale (for the characteristics: 9-acceptable, 
1-not acceptable; for off-flavour and odour, 9-none, 1-intense).

Results
Residual NO 3 and NO~, values

Changes in the residual NO7 and NO7 values of the various soudjouk samples 
containing different starter cultures and ripening at three different temperatures are 
given in Tables 1 and 2 respectively. In the Tables, the last numbers of each column 
indicate that at this stage the soudjouk was fully ripened (35% moisture) and ready for 
sale.

During the ripening period, soudjouk samples containing mixed cultures and 
ripening at the higher temperaures showed lower NO^ and N07 values than the control 
samples. These differences became greater toward the end of ripening. In the final 
product, samples prepared with the mixed cultures of L. plantarum + M. aurantiacusY

T a b le  1. The mean residual NO., values (ppm) of soudjouk ripened at different temperatures with 
different starter cultures

Ripening temperatures

12- 14°C 16- 18°C 20-22°C
Ripening
period
(days)

Starter cultures Starter cultures Starter cultures

C I. LM LMD C L LM LMD C L LM LMD

! 372 336 328 306 356 315 244 253 348 285 300 288
3 355 310 303 298 348 300 215 218 332 283 245 228
6 322 273 233 245 335 245 230 223 305 235 203 180
9 290 255 223 215 285 225 203 205 285 203 145 155

12 265 265 213 212 293 213 208 195 243 153 — —

15 260 218 195 202 273 203 — — 235 — — —

18 235 185 198 180 — — — — — — — —

C  — co n tro l; L  = L  plantarunr, LM = L. plantarum  + M . aurantiacus; LM D  =  L.
p ta n tu u rm  + M. aurantiacus+ D . hansenii.
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T ab le  2. T h e  m ean  residual N O  , values (ppm ) o f soudjouk ripened at different tem peratu res with
d iffe ren t s ta r te r  cu ltu res

Ripening temperatures

12- 14°C 16- 18°C 20-22°C
Ripening Starter cultures Starter cultures Starter cultures

(days) C L LM LMD C L LM LMD C L LM LMD

1 24 21 17 15 19 14 13 13 16 10 9.0 11
3 22 20 16 16 21 16 15 14 15 14 13 13
6 16 16 14 21 19 14 13 12 16 19 16 17
9 20 19 16 18 21 17 18 17 25 17 11 10

12 18 17 16 17 21 15 17 15 22 12 — —
15 20 16 15 13 20 13 — — 19 — — —
18 18 13 12 11 — — — — — — — —

C, L, LM, LMD are as in Table 1.

D. hansenii (LMD) and ripening at the higher temperatures showed lower residual 
NO a (145-155 ppm) and NO2 (10-11 ppm) values than their corresponding control 
group (235 and 19 ppm respectively).

On the residual NO^ and NOc values of the ripened soudjouks, highly significant 
(P < 0 .0 1 ) effects of starter cultures and ripening temperatures, and a significant 
(P < 0.05) effect of starter culture X ripening temperature interactions were deter
mined. These interactions for NOjj and NO7 values are seen respectively in Figs 1 and 
2. As seen from the figures, effects of the starter cultures on the residual NOjj and NOj7 
levels varied according to the different ripening temperatures. In the ripened soudjouk, •

• ------  Control

A —  Lactobacillus

O ------ Lactobacillus  +  Micrococcus

A .........  Lactobacillus +  Micrococcus +  Debaryomyces

265

245

225

205

185

165

145

12-14 °C 16—18 °C 20 -22  °C
Ripening tem p e ra tu re

F igure  1. T h e  effect o f s ta rte r cu ltu re  and ripening tem pera tu re  on the residual N O , values of
the  rip en ed  soud jouks.
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# ------  Control

A —  Lactobacillus

O ------Lactobacil lus +  Micrococcus

A ......... Lactobacillus +  Micrococcus +  Debaryomyces
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Figure 2. The effect of starter culture and ripening temperature on the residual NO, values of 
the ripened soudjouks

the three samples made with the mixed culture LMD (NO 3 176 ppm, NO2 12 ppm) and 
samples ripened at the 20-22°C (NO3 172 ppm, NO-J 13 ppm) gave the lowest mean 
values of NO3 andNO^. The control groups (NO3 248 ppm, NO2 19 ppm) and samples 
ripened at the 12-14°C (NO3 200 ppm, N 0£ 14 ppm) resulted in the higher mean 
values of NO 3 and NO 2 .

Lipid soluble total carbonyls
Total lipid-soluble carbonyl content was determined to be 6.37 /umol/10 g sample in 

the starting soudjouk dough mixture. This carbonyl content fluctuated but showed a 
general increase during the ripening period, and at the end, ripened soudjouk gave 
values between 12.61 and 26.86 jumol/10 g sample (Table 3). Among the ripened 
soudjouk, samples with the starter cultures, especially L. plantarum + M. aurantiacus 
(LM) and LMD mixed cultures added, and ripened at the higher temperatures (20-22 
and 16- 18°C) yielded higher carbonyl concentrations.

Again, the variance analysis of the total lipid soluble carbonyl data of the ripened 
soudjouk indicated that starter culture and ripening temperature interaction had highly 
significant (P < 0.01) effects. This significant effect of interaction can be followed in 
Fig. 3. Highly significant (P < 0.01) correlations were determined between the total 
lipid soluble carbonyl values of the ripened soudjouk and the panel flavour (r = 0.82), 
off-flavour and odour (r = 0.77) and general acceptability (r = 0.66) scores of these 
ripened and fried soudjouks.



N O  3 , N O  2, c a r b o n y l  a n d  T B A  v a lu e s  o f  s o u d j o u k 621

Table 3. The mean values of the total lipid soluble carbonyl content (/amol/10 g) of soudjouk ripened at 
different temperatures with different starter cultures

Ripening temperatures

12- 14°C 16- 18°C 2(I-22°C
Ripening
period
(days)

Starter cultures Starter cultures Starter cultures

C L LM LMD C L LM LMD c L LM LMD

1 11.6 9.3 10.4 13.8 12.1 13.0 13.5 14.7 12.9 16.8 13.4 17.8
3 13.3 10.9 14.2 15.6 15.9 18.5 14.6 17.4 18.0 20.2 19.3 21.6
6 19.8 18.6 21.3 19.9 19.3 21.6 29.7 22.1 18.9 18.3 15.6 18.4
9 20.8 21.6 22.3 23.1 19.8 18.6 17.6 19.0 21.0 20.9 23.6 26.9

12 22.0 22.1 22.9 24.0 17.6 20.1 23.8 25.9 22.5 24.7 — —

15 14.3 15.2 16.5 17.4 20.5 23.5 — — 18.3 — — —

18 13.6 12.6 14.6 14.2 — — — — — — — —

C. L, LM, LMD are as in Table 1.

oiO
o
E
a.

■OCL
h

12—14 °C I 6 — 18 °C 2 0 - 2 2  °C

Ripening tem pe ra tu re

Figure 3. The effect of starter culture and ripening temperature on the lipid soluble carbonyl 
concentration of the ripened soudjouks.
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TBA (2-thiobarbituric acid) values
TBA values of the soudjouk samples ripening at the three different temperatures 

generally showed increasing values from day 1 to 6 of the ripening period (Table 4). The 
rate of the TBA number increase was greatest in the samples ripened at 20-22°C, and 
the lowest in those ripened at 12- 14°C. After the sixth day of the ripening, TBA values 
generally levelled off or started to decline very slowly.

Table 4. The mean values of TBA numbers (/¿mol malonaldehyde/kg soudjouk) of soudjouk ripened 
at different temperatures with different starter cultures

Ripening temperatures

Ripening
period
(days)

12-I4°C 
Starter cultures

16-18°C 
Starter cultures

20-22°C 
Starter cultures

c L LM LMD C L LM LMD C L LM LMD

1 1.53 1.62 1,28 1.45 1.31 1.47 1.24 1.31 1.16 1.33 0.93 1.42
3 1.61 1.81 1.45 1.53 1.72 1.61 1.34 1.39 1.37 1.52 1.20 1.59
6 1.73 1.83 1.59 1.53 2.08 1.80 1.61 1.58 1.57 2.15 1.86 2.13
9 1.57 1.22 1.53 1.50 1.76 1.73 1.49 1.46 1.66 2.08 1.75 1.84

12 1.07 1.19 1.46 1.41 1.55 1.54 1.35 1.24 2.12 1.90 — —

15 1.22 1.25 1.36 1.46 1.26 1.44 — — 2.00 — — —

18 1.12 1.06 1.08 1.17 — — — — — — — —

C. L, LM, LMD are as in Table I.

On the TBA numbers of the ripened soudjouks, the effect of the ripening tem
peratures was found to be highly significant (P < 0.01). While the samples ripened at 
20-22°C gave the highest average (1.87), samples ripened at 12-14°C indicated the 
lowest (1.11) average value and samples ripened at 16-18°C (1.33) had intermediate 
values. However, the effects of the starter cultures and starter culture x ripening 
temperature interaction on the TBA values were not found to be significant (P < 0.05). 
In the ripened and market ready soudjouk TBA values ranged from 1.06 to 2.00.

Discussion
Significantly lower values of the residual NOjj and NOjj in soudjouk samples made with 
mixed cultures and ripening at the higher temperatures are probably produced by the 
starter cultures, especially the effect of M. aurantiacus on the nitrate and perhaps on 
nitrite, and the pH lowering by L. plantarum in these samples. Residual NOjj values of 
the ripened soudjouk samples were lower than the recommended limits of Ruusunen, 
Puolanne & Niinivaare (1978) and of the World Health Organization (Yihdirim, 1977), 
and also lower than in soudjouk sold in Turkish markets (Özdemir et al., 1984). The 
effects of starter cultures on the falling level of residual NOjj and NOjj have also been 
determined by other workers (Niinivaara, 1955; Nurmi, 1966; Coretti, 1977; Favier et 
al., 1980). Changes in the NOjj values during the ripening period and NOjs levels in the 
ripened products were also similar to the values determined during Thüringer sausage 
fermentation (Dethmers & Rock, 1975).

Residual NOjj in the cured meat products accumulates from the added NaN02, 
especially at the lower pH (5.5-6.0), and also by the bacterial reduction (especially by 
Micrococcus) of added NaNO:!. While some of the reduction intermediates of NaNO;i
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and NaN02 further reduced to NO chemically or bacteriologically and combined with 
myoglobin to produce the desired nitrosomyoglobin colour and anti-botulinal effects, 
some could be converted to NoO:i, N2Os, HN02, HNO:!, via different reactions (Möhler 
& Scheerer, 1979). All these and the activity of the starter cultures could affect the final 
accumulation level of the NOT in the soudjouk products, and may account for vari
ations during the ripening period (Table 2). But when ripe, soudjouks made with starter 
cultures, especially mixed cultures, and at higher temperatures, had lower residual NOjT 
levels than the control groups demonstrating the advantage of these conditions.

Since the starter cultures increase the efficiency of nitrate and nitrite, their use could 
allow a reduction in the added level of NaNO;i and NaN02. Similar results have been 
found by other workers (Winter, 1977; Ruusunen etal., 1978; Eilberg, 1978).

In general, rates of decrease in NO7 and NOT in the samples ripening at 12-14°C 
were very slow, because at this low temperature starter cultures did not multiply well 
enough to produce a noticeable effect, and on the other hand at the lower temperatures 
cnemical reduction reactions could also proceed very slowly.

In the early stages of ripening, the carbonyls in the mixed culture soudjouks 
increased rapidly and ripening at the higher temperature could be due to early bacterial 
removal of added sugar as suggested by Demeyer et al. (1974) who indicated that starter 
cultures first attack sugar so carbonyl levels would increase in the early stages of 
sausage ripening. Subsequently, lipids would start to oxidize and produce lipid soluble 
carbonyls. The catalase activity of M. aurantiacus, LM and LMD mixed culture prob
ably resulted in higher carbonyl values at all the ripening intervals and may result in the 
desired unique flavour and odour characteristics of the soudjouk samples, since the 
lipid soluble carbonyl values correlated significantly with the panel flavour and general 
acceptability scores. Soudjouks ripening in shorter time and with higher carbonyl 
values also gave more acceptable panel results, similar to the findings of Rossmanith & 
Leistner (1972) and Coretti (1973).

Lower TBA numbers during and at the end of the ripening could indicate less fat 
auto-oxidation and less rancid flavoured short chain carbon products under these 
processing conditions. TBA numbers using LM and LMD starter cultures ripened at all 
three different temperatures, were lower than those (2.28-2.40) found by Erta§ & 
Gögü§ (1980) in soudjouks to which a pure culture of P. cerevisia and L. plantarum had 
been added and which had been ripened at 18-20°C.
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Extrusion behaviour of different soya isolates and the 
effect of particle size

P. R . S H E A R D , J. R. M ITC H ELL a n d  D. A. LED W A RD

Summary

Eleven different commerically produced soya isolates, and one defatted soya flour, 
were extruded at temperatures of 120 and 180°C at a moisture content of 35% on a dry 
solids basis (dsb), using a Brabender laboratory extruder. The pressure, torque and 
flow rate during extrusion, and product expansion and texture of the final extrudate 
following rehydration varied considerably between different soya isolate preparations. 
Analysis by multiple regression yielded about twenty significant (P < 0.05) corre
lations between the three extrusion variables (pressure, torque and flow rate), the four 
feed variables (bulk density, solubility in water, particle size distribution and angle of 
slope) and the three extrudate characteristics (resistance to shear, solubility in water 
and product diameter) measured. It was concluded that the best extrusion behaviour 
was obtained with feed containing insoluble but native protein. Fine powders con
taining insoluble protein were less prone to agglomeration, and, hence, were easier to 
feed than powders containing high levels of soluble protein. In addition, higher shear 
force values after retorting were obtained with extruded products prepared from feed 
containing insoluble, but native protein. This was interpreted in terms of the formation 
during extrusion of covalent disulphide linkage between initially insoluble regions of 
protein. The wide variation in extrusion behaviour of chemically similar materials 
prepared in different ways suggests that extrusion studies on single materials should be 
interpreted with caution.

Introduction
Almost all investigations of soya extrusion have been confined to a single sample of soya 
grits. Although the protein content of this material is only about 50%, the texture of the 
resultant product has generally been explained in terms of interactions between protein 
molecules alone. The carbohydrate component has largely been ignored.

Recently, using a Brabender laboratory extruder we have compared the extrusion 
behaviour of a soya flour and a soya isolate (a flour was used rather than a grit because it 
had a similar particle size to the isolate). Although the composition of the two materials 
was different it was found that both could produce well-textured products. The 
extrusion behaviour of the flour was more dependent on moisture content and tem
perature than the isolate. It was suggested that this could have been because the flour 
contained native protein, whereas all the protein in the isolate was denatured (Sheard, 
Mitchell & Ledward, 1985).

An obvious question raised by investigations of this type is whether the conclusions 
are specific to the materials used or whether they have general validity i.e., would

Authors’ address: Department of Applied Biochemistry and Food Science, University of Nottingham, 
Sutton Bonington, Loughborough, Leics. LE12 5RD, U.K.
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different preparations of isolates and flours behave in the same way? In this paper we 
describe the extrusion behaviour of a number of commercially available soya isolates. 
One of the objectives of this study was to determine whether there were differences 
between isolates prepared by different procedures. A second objective was to attempt 
to establish a relationship between the state of the protein in the feed material and the 
texture of the products without the complication of the presence of substantial 
quantities of non-protein material.

A major complication with work of this type is the possibility that the feed rate will 
vary considerably from sample to sample. This is because most soya isolates are only 
available as fine powders. It is well known that it is difficult to feed small extruders with 
fine particles and that the extrusion behaviour will depend on the particle size 
(Anderson et a/., 1969; de Muelenaere & Buzzard, 1969). For this reason the flow 
behaviour of the powders has been studied as well as the particle size distribution, both 
before and after hydration, and an attempt has been made to relate these parameters to 
flow rate through the extruder under identical feeding conditions. By examining the 
correlations between flow rate, the extrusion process variables and the properties of the 
extruded product, we have endeavoured to separate effects due to varying feed rate 
from those due to more fundamental characteristics of the feed material.

Materials and methods

Materials
Defatted soya flour and isolated soya proteins (product codes Pp860, Pp830, Pp710, 

Pp660, Pp610, Pp500E, Pp220) were obtained from McAuley Edwards Ltd. Further 
isolates—Ardex D, Ardex DHV, Ardex F and Ardex R—were obtained from British 
Arkady Ltd. Information supplied by the manufacturers on the composition and 
properties of these materials is given in Tables 1 and 2.

Particle sizing of the dry powders: diffractometry and sieve analysis
All the feeds were available as spray dried powders, except Pp220 which was 

granular. These powders were suspended in propan-2-ol and sized using a Malvern 2200 
lazer diffractometer. The size distribution of Pp220 was obtained by sieve analysis as 
outlined below for the hydrated feeds.

Sieve analysis of the hydrated feeds
Ten grams of material was rehydrated to 35% moisture (dry solids basis) and 

equilibrated overnight. A known mass of the hydrated products (or dry Pp220) was 
gently shaken through a series of analytical sieves (Endecotts Ltd) and the mass 
retained on each sieve accurately weighed.

Water solubility of the dry powders
Two grams of material was stirred overnight in 98.0 ml of distilled water. After 

centrifuging at 40000 g for 20 min, the suspension was filtered through Whatman no. 4 
filter paper and the protein content determined by a micro-kjeldahl technique using 2.0 
ml of filtrate. The original protein content was taken as91%< for the isolates and 52% for 
the flour. The protein content was determined in duplicate and expressed on a dry 
weight basis.
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Angle of slope and bulk density
Bulk density was determined by weighing the mass of material (in a 100 ml 

calibrated container) after gently tapping for 4 min. A sample of powder (50 g) was 
placed on a piece of paper (14x9 cm), stuck onto a fiat board, and gently patted by hand 
to give a rectangular block (approximately 14x9x 1 cm). The board was gradually 
raised at one end and the angle at which the powder slid off the paper was recorded as 
the angle of slope.

Differential scanning calorimetry
Samples were hydrated to a moisture content of 66% (wet solids basis) and allowed 

to equilibrate for 4 h before recording the thermogram on a Perkin-Elmer DSC 2 at a 
heating rate of 5 K/min and a sensitivity of 0.2 mcal/sec.

Extrusion
A Brabender laboratory extruder (model DN), powered by a Docorder drive, was 

used. The grooved barrel had a L/D ratio of 20:1. The compression ratio of the screw 
was 2:1, and the die diameter was 3 mm, and its length 40 mm. The screw speed was 
kept at 250 rpm. The material was fed from the hopper mounted vertically above the 
feed end of the extruder, and equipped with an auger screw which rotated at a constant 
125 rpm on a vertical axis. Pressure was measured using a Dynisco pressure transducer 
as described by Sheard et al. (1985). Two different sets of operating conditions were 
used. The barrel and die heaters were set at 120°C for the low temperature conditions, 
and at 180°C for the high temperature work. The feed section was kept at 120°C for all 
the experiments. The required amount of distilled water was mixed with the feed using a 
Kenwood mixer, and equilibrated overnight at 2-3°C prior to extrusion. The mean 
product diameter was determined at three to twelve points, depending on uniformity, 
using a micrometer gauge.

Texture and protein solubility after retorting
Distilled water (175 g) was added to protein isolates (25 g) in a can (7x 11 cm) and 

allowed to stand for 4 hr, before retorting at 120°C for 60 min. The processed cans were 
left for 16 hr before making texture measurements. An Ottawa Texture Measuring 
System (OTMS) cell, equipped with a 9 wire grid and a base area of 30 cm'2, was filled 
with the contents of a single can. The peak force was recorded, using an Instron 
Universal Tester (model 1140), at a crosshead speed of 50mm/min and a chart speed of 
100 mm/min.

Protein solubility was measured after retorting a sample of ground extrudate (2.0 g) 
in distilled water (98 ml) for 60 min at 120°C in a 6x7 cm can. The can contents were 
filtered through Whatman no. 4 filter paper, and soluble protein determined as 
previously described.

Correlation coefficients
Correlation coefficients were calculated by multiple regression.

Results
Characteristics of the feed materials

The angle of slope, the bulk density and the protein solubility of the isolates and 
flour are shown in Table 3. The angle of slope for the particulate isolate Pp220 is far less
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Table 3. Angle of slope, bulk density and protein solubility of the 
feed materials (dry)

Angle of 
slope

Bulk density 
(g/ml)

Protein solubility 
( % )

Soya flour 63 0.56 20
Pp860 57 0.72 21
Pp830 69 0.53 32
Pp710 61 0.41 54
Pp660 73 0.55 57
Pp610 76 0.54 20
Pp500E 76 0.41 52
Pp220 35 0.55 10
Ardex D 75 0.53 44
Ardex DHV 76 0.48 45
Ardex F 79 0.46 40
Ardex R 66 0.75 3

than for any of the powders and it has low water solubility. Ardex R, an isolate prepared 
by isoelectric precipitation, is also very insoluble.

Thermograms are shown in Fig. 1 for soya flour and tnree of the isolates. No peaks 
were observed for the other isolates indicating that the protein component had been 
fully denatured during manufacture. The most stable (1 IS) protein fraction of the soya 
is still predominantly in its native form in the flour, Pp860, Ardex D and Ardex R, but 
the 7S fraction has been fully denatured only in Pp860.

Figure 1. Typical thermograms showing dénaturation of the 7S and 1 IS globulins in (a) soya 
flour ( 11.07 mg) and soya isolates, (b) Pp860 ( 11.01 mg), (c) Ardex D (8.70 mg) and (d) Ardex 
R ( 10.70 mg) at a moisture content of 6 6 % .
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T h e  p a rtic le  size d is trib u tio n  o f  the  dry  pow der is show n in T ables 4 and 5. W ith the 
e x c e p tio n  o f  Pp220 (w hich h ad  a m uch larger size d is tr ib u tio n ), all the  isolates consisted 
p rim arily  o f  p a rtic les  b e tw een  20 and  180 m icrons d iam e te r ( >  70% ). T he  flour had  a 
h ig h e r p ro p o r tio n  o f  fine m a te ria l th an  th e  iso lates w ith over 50%  having d iam eters o f 
less th a n  20 m icrons.

F igu res  2 - 4  show  th e  size d is trib u tio n  o f the  h y d ra ted  feed m aterials. F o r Pp220 the 
size d is tr ib u tio n  is n a rro w  and  little d iffe ren t from  the  dry m ateria l, bu t the  o th e r  feeds 
c o n ta in e d  la rge  ag g lo m era tes  in add ition  to  th e  finer m ateria l.

Table 4. Percentage of material by weight in the indicated size range for the dry feed materials

Size band 
(microns)

Soya
flour 860 830 710 660 610 500 D DHV F R

87-188 5.6 8.5 14.4 12.3 2.3 10.7 18.4 20.9 27.0 31.7 4.6
53-87 9.9 21.5 34.5 35.1 6.6 22.7 27.2 34.9 33.7 28.7 35.5
38-53 0.0 19.3 1.7 5.6 2.0 17.4 7.6 16.2 10.0 14.7 20.5
28-38 10.7 16.6 19.8 15.5 22.9 13.5 10.6 10.6 14.4 10.5 16.7
21-28 12.5 12.4 11.8 12.8 20.3 10.6 13.9 8.7 5.9 7.2 9.1
16-21 9.0 5.1 7.2 6.8 13.2 7.5 8.1 3.6 3.9 3.4 6.1
13-16 8.4 6.2 4.8 3.6 9.4 4.8 5.3 2.9 3.0 1.3 2.7
10-13 6.8 1.4 1.5 0.9 6.8 3.4 3.6 0.0 0.0 0.0 1.2
8 - 1 0 10.8 3.1 0.7 2.0 4.9 3.1 2.2 0.3 0.0 0.0 0.6
6 - 8 6.9 0.2 0.0 1.3 2.5 1.5 0.0 0.0 0.0 0.0 0.0
5 -6 3.1 0.0 0.0 0.8 1.4 0.9 0.6 0.0 0.0 2.2 0.0
4 -5 2.0 0.0 1.7 0.0 1.5 0.0 0.1 0.0 0.0 0.0 0.0
3 -4 3.4 1.3 0.0 1.2 0.0 1.0 0.0 0.0 2.0 0.0 2.4
2 -4 2.6 1.2 0.0 1.0 1.6 0.8 0.7 0.0 0.0 0.0 0.0
<  2 3.5 1.2 0.0 0.9 1.5 0.8 0.7 0.8 0.0 0.0 0.0

Table 5. Percentage of dry feed material by weight in the indicated size range for Pp220

Nominal sieve size (microns) 1680 14(X) 1200 1000 850 710 600 355 210 <  210
Weight % 1.5 11.9 18.8 27.0 13.5 12.3 5.9 6.5 1.8 0.8

oo r

o
2.0 2.4 2.8 3.2 3.6

Log sieve size

Figure 2. Size distribution of soya flour (*), Pp860 (□), Pp830 (•) and Pp710 (O) in the 
hydrated feed (30% dsb).
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Figure 3. Size distribution of PpbbO (*), Pp61U (□), Pp500E (•) and Pp220 ( O)  in the hydrated 
feed (30% dsb).

Figure 4. Size distribution of Ardex D (*). Ardex DHV (□), Ardex F (•) and Ardex R (O) in 
the hydrated feed (30% dsb).

E x tr u s io n  d a ta
T h e  ex tru s io n  d a ta  is show n in T ab les 6 and 7, and the d a ta  in T able  6 agrees 

sa tis fac to rily  w ith  th e  values p red ic ted  by the  equ a tio n  derived  by Sheard  et cil. (1985) 
fo r  soya  flou r an d  soya iso late  (610), w ith one o r tw o no tab le  exceptions (T able 8). 
T h e se  ex cep tio n s  m ay reflect screw  w ear over the  in terven ing  12 m onths and the  fact 
th a t  d iffe re n t b a tch es  o f  flour and iso late  w ere used . A n o th e r  possibility is th a t the 
d iffe re n c es  w ere  d u e  to  the  d iffe ren t screw  speeds of the auger used in this w ork. This 
u n fo r tu n a te ly  o c cu rred  as the m o to r had  to  be  changed  in the  in tervening period .

T h e  flow ra te s  fo r low and high tem p e ra tu re  ex trusion  w ere sim ilar b u t, because of 
th e  d e c re a se  in v iscosity , to rq u es and  p ressu res w ere low er at 180 than  at 120°C.

P r o d u c t  chara c teris tics
T h e  p ro d u c ts  p ro d u c e d  on ex trusion  o f the  d iffe ren t feed  m aterials are show n in Figs

5 - 7  a n d  it can  be  seen  th a t they  d iffer m arked ly  from  one an o ther. T here  w ere also w ide
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Table 6. Pressure, torque and flow rate for soya proteins extruded at 120 and 180°C

120°C I80°C

Press
(psi)

Torque
(Nm)

Flow
(g/min)

Press
(psi)

Torque
(Nm)

Flow
(g/min)

Soya flour 1700 22 57 425 16 53
Pp860 2700 27 76 1290 21 66
Pp830 1540 12 30 635 7 21
Pp71U 585 9 35 115 4 30
Pp660 1655 14 33 810 9 40
Pp610 1950 18 44 625 II 36
PpSOOE 1675 15 28 575 11 38
Pp220 2425 21 111 1675 20 122
Ardex D 1560 16 53 725 10 51
Ardex DHV 1820 17 42 595 9 39
Ardex F 1555 13 24 625 5 24
Ardex R 3200 36 67 1020 24 62

Table 7. Product diameter. OTMS texture'1 and protein solubility* for soya proteins extruded at 
120 and 180°C

120°C 180°C

Product
diameter
(mm)

Peak
force
(N)

Solubility
(%)

Product
diameter
(mm)

Peak
force
(N)

Solubility
(ri )

Sova flour 4 .1 116 47 5.3 233 46
Pp860 5.1 1290 21 6.6 1300 21
Pp830 5.1 225 45 7.4 166 49
Pp710 3.6 190 54 4.3 403 56
Pp660 4.6 159 50 7.4 164 50
Pp610 4.8 325 40 5.8 325 39
PpSOOE 5.3 110 54 5.8 77 57
Pp220 5.3 79 63 5.1 50 62
Adrex D 5.1 42 63 7.9 52 65
Adrex DHV 6.6 26 80 8.4 22 80
Adrex F 4.8 94 58 7.6 83 62
Adrex R 4.1 4500 8 4.1 4500 7

'’Average of duplicate results.

v a ria tio n s  o f  O T M S  tex tu re . H ow ever, this does no t d ep en d  strongly on extrusion 
te m p e ra tu re  (T ab le  7). It is also seen  from  this tab le  th a t ex trudates having a low 
so lu b ility  in w a te r  a p p e a r, no t unexpected ly , to  possess the  tougher tex tures.

C o rre la tio n  b e tw e en  f e e d  characteristics a n d  th e  ex tru s io n  b eh a v io u r  o f  so ya  isolates 
T a b le s  9 an d  10 show  the co rre la tio n s for all the m easu red  variables. It is in teresting  

tc  n o te  th a t  th e se  w ere  sim ilar for ex trusion  at 120 and  180°C.
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Table 8. Pressure, torque and flow rate data for soya flour and Pp6 IO extruded at 120 and 180°C and 
their values predicted by Sheard etui (1985)

120°C 180°C

Press Torque Flow Press Torque Flow
(psi) (Nm) (g/min) (psi) (Nm) (g/min)

Soya flour
experimental 1700 22 57 425 16 53
predicted 1S89 24 72 605 13 79

Pp610
experimental 1950 18 44 625 11 36
predicted 2294 19 44 1540 16 61

a b c d

Figure 5. Soya extrudates at 120 and I8(1°C from (a) soya flour, (b) Pp860, (c) Pp830 and (d) 
Pp7!0.

Discussion

F lo w  ra te

It is a p p a re n t  from  the  d a ta  in T ab le  6 th a t th e re  is a wide variation  in ex tru d er 
o u tp u t  b e tw e e n  sam ples. T his suggests th a t, w ith the  possib le exception  o f the  g ran u la r 
m a te r ia l  (P p220), th e  ex tru d e r is o p era tin g  u n d e r starve  feed conditions w ith the  screw  
fligh ts in co m p le te ly  filled excep t n ear the  die end . C on tinuous ex trusion  was observed  
w ith  all sam p les , a lth o u g h , w hen  the  flow ra te  w as low th e re  w ere considerab le  
f lu c tu a tio n s  in th e  d ia m e te r  o f th e  ex tru d a te .
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Figure 6. Soya extrudates at 120 and 1,S()°C from (a) Pp660. (b) Pp610. (c) PpSOOE and (d) 
Pp220.

Figure 7. Soya extrudates at 120 and 180°C from (a) Ardex D. (b) Ardex DHV, (c) Ardex F and 
(d) Ardex R.

T h e  flow ra te  gave th e  expected  positive co rre la tions w ith to rque  and pressu re . For 
m a te ria ls  th a t show  rheolog ical b eh av io u r th a t can be rep resen ted  by a pow er law 
e q u a tio n , th e  p re ssu re  d ro p  across the die will be p ro p o rtio n a l to  Qn w here n is the flow 
b e h a v io u r  index  an d  Q th e  vo lum etric  flow ra te  (L evine, 1982). T he to rque  will be 
g o v e rn e d  p rim arily  by the  ex ten t to  which m echanical energy  is d issipated  as heat. This 
will o c c u r, to  a large  e x te n t, in the c learances b e tw een  the flights and the  ex tru d er barrel



Table 9. Matrix of correlation coefficients for soya proteins extruded at I20°C

[ 1.00
0.92 1.00

3 0.63 0.63 1 00
4 -0 .07 0.18 0.09 1.00
5 0.83 0.72 0.28 -0.32 1.00
6 -0.81 -0.80 -0.75 0.11 -0.59 1.00
7 -0.71 -0.62 -0.22 0.53 -0.80 0.62 1.00
s 0.88 0.84 0.55 -0.19 0.77 -0.76 -0.80 1.00
9 -0.31 -0.31 -0.85 0.13 -0.09 0.53 0.14 -0.32 1.00

10 0.35 0.54 0.74 0.43 0.18 -0.45 -0.03 0.37 -0.53 1.00
1 2 3 4 5 6 7 8 9 10

1 Torque.
2 Pressure,
3 Flow rate.
4 Product diameter.
5 OTMS texture,
6 Protein solubility of feed,
7 Protein solubility of extrudate,
8 Bulk density of feed.
9 Angle of slope,

10 %  of particles <  1600 microns.
Regression coefficients >  0.602 are significant at the 5's level, and > 0.735 at the 1 's level.

Table 10. Matrix of correlation coefficients for extruded soya proteins at 180°C

1 1.0(1
T 0.74 1,00
3 0.75 0.84 1 00
4 -0.42 -0.06 -0.38 1.00
s 0.64 0.26 0.19 -0.50 1.00
6 -0 .83 -0.61 -0.61 0.43 -0.58 l.(K)
7 - 0.68 -0.28 -0.14 0.48 -0.84 0.65 1.00
8 0.82 0.59 0.42 -0.23 0.77 -0.76 - 0.86 1.00
9 -0.55 -0.65 -0.87 0.52 - 0.10 0.53 0.13 -0.32 1.00

10 0.47 0.82 0.69 (1.05 0.15 -0.45 -0.05 0.37 -0.53 1.00
1 1 3 4 5 6 7 8 9 10

1 Torque.
2 Pressure.
3 Flow rate.
4 Product diameter.
5 OTMS texture.
6 Protein solubility of feed,
7 Protein solubility of extrudate.
8 Bulk density of feed,
9 Angle of slope,

1097 of particle <  1600 microns.
Regression coefficients >  (1.602 are significant at the 5cr level, and >  0.735 at the Vc level.
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"w h ere  th e  sh e a r  ra te  will be very high (H a rp e r, 1981a). C learly  the ex ten t o f this energy 
co n v e rs io n  will d ec rease  as the screw  becom es less com pletely  filled.

T h e  flow ra te  is positively  co rre la ted  with the pe rcen tage  o f particles in the hydrated  
fe e d  w ith  a size less than  1600 m icrons. A lthough  the particle  size o f  the dry g ranu lar 
P p220  m a te ria l is m uch larger than  the pow ders, on hydration  the pow ders show a 
g re a te r  te n d e n c y  to  ag g lom era te . T hus, in the  hyd ra ted  feed Pp220 has m ore particles 
less th a n  1600 m icrons, com pared  to  any o f the pow ders. It seem s p robab le  tha t for the 
p o w d e rs , th e  large  ag g lom era tes  collect in the  bo ttom  o f the  feed h opper and  in the 
e n tra n c e  to  the  e x tru d e r form ing  a partia l b lockage th rough  which the sm aller particles 
h av e  to  p e rc o la te .

T h e re  is a n egative  co rre la tion  betw een  the flow ra te  and the pro te in  solubility in the 
feed . T h is m ay well be  because m ateria l con ta in ing  soluble pro te in  is m ore p rone  to 
a g g lo m e ra tio n , a lth o u g h  the negative co rre la tion  betw een  the percen tage of particles 
less th a n  1600 m icrons and  p ro te in  solubility  in the feed is no t significant at the 5%  level.

It seem s th a t d iffe rences in adhesion  betw een  the hydrated  particles are also 
p re se n t in th e  dry  m ate ria ls  as th e re  is a high negative co rre la tion  betw een  the angle of 
s lo p e  an d  th e  flow ra te .

Product texture
A n ob v io u s q u es tio n  to  consider is, w h e th er the varia tions in O TM S tex tu re  arise 

b e cau se  o f  th e  d iffe ren t flow ra tes o r w he ther they are due to  d ifferences in the na tu re  o f 
th e  p ro te in ?  T h e re  a re  tw o reasons why we believe th a t the d ifferen t tex tu res are  due to 
so m e th in g  m o re  fu n d am en ta l than  d ifferences in flow ra te .

F irs tly , th e re  is n o t a significant co rre la tion  betw een  flow rate  and O T M S tex tu re  
(T a b le  9 an d  10). S econdly , the average residence tim e will increase with decreasing 
flow  ra te . T h u s , o ne  o f  the  d ifferences betw een  m ateria l th a t feeds poorly  and m aterial 
th a t  feed s w ell will be  the  severity  o f  the hea t and sh ear trea tm en ts  applied ; a lthough  in 
v iew  o f  th e  sim ilarities in tex tu re  betw een  isolates ex truded  at 120 and 180°C, variations 
in h e a t tre a tm e n t o v e r a w ide range do  not seem  to be im portan t.

T h e  m a te ria l th a t gave the  h ighest O T M S tex tu re  was the isoelectric isolate A rdex  
R . T h is  suggests th a t e lec tro sta tic  in te rac tions play an im portan t role in de term in ing  the 
final te x tu re , e ith e r  b ecause  o f ionic bond ing , o r, a lte rna tive ly , because at pH s d ifferen t 
fro m  th e  isoe lec tric  po in t, e lec tro sta tic  repulsion  lim its the ex ten t to  which o th er 
ag g re g a tio n  re ac tio n s  can occur. B oth R h ee , K uo & Lucas (1981) and S im onsky & 
S tan ley  (1982) found  th a t pH  greatly  affected  in te rio r and ex terio r m orphology  of 
e x tru d e d  soya grits. If the resu lts for A rdex  R  are om itted  then the co rre la tions show n 
in T a b le s  9 an d  10 are  no t substan tia lly  changed.

T h e re  is a negative corre la tion  betw een tex tu re  and pro te in  solubility in the feed, and 
a p o sitiv e  co rre la tio n  be tw een  p ro te in  solubility  in the feed and in the ex truda te  after 
re to r tin g . T h e  co rre la tio n  betw een  p ro te in  solubility  in the  feed and in the ex trudate  
suggests  th a t h ea t s tab le  covalen t bonds, p resum ably  d isu lph ide (S heard  et al., 1986), 
m ay  fo rm  d u rin g  ex tru sion  prim arily  be tw een  regions o f the  p ro te in  th a t are already  
a sso c ia te d  n o n -cova len tly  in the  feed m ateria l. T he fo rm ation  o f in term olecu lar d isu l
p h id e  b o n d s  in soya follow ing initial stabilization  by non-covalen t bonding  has also 
b een  used  to  exp lain  the  solubility  and hea t d en a tu ra tio n  behav iour o f this p ro te in  
system  (S h e n , 1981).

T h e re  is som e d isag reem en t on w he ther the s ta te  o f d en a tu ra tio n  of the  pro te in  in 
th e  fe e d  m a te ria l effects ex trusion  beh av io u r e .g ., com pare  H arp e r, 1981b; and 
L illfo rd , 1986. O u r  d a ta  suggests th a t, a lthough  it is possible to  ob ta in  satisfactory
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te x tu re s  from  feed  con ta in ing  no native  p ro te in , the  h ighest O T M S tex tu res  are  given 
by m a te ria ls  co n ta in in g  som e native  p ro te in , with the im portan t proviso  th a t the  
so lu b ility  m ust also  be low. T hus the  highest O T M S values are  given by A rdex  R  and 
Pp860. It is in te re s tin g  th a t, unlike o th e r  feeds of low solubility , the solubility  o f th e  
r e to r te d  e x tru d a te s  p re p a re d  from  Pp860 and  A rdex  R  was not substantially  h igher 
th a n  th e  cold w a te r  so lubility  o f  the  feed. This suggests th a t the insoluble m ateria l in the 
fe e d  is m o re  p ro n e  to  associate  covalently  during  ex trusion  if it contains at least som e 
n a tiv e  p ro te in .

T h e  q u es tio n  o f  w h e th e r these ideas ex tend  to  flour and grits is o f practical in terest. 
In g e n e ra l, flou r d id  no t d e p a rt from  the re la tionsh ips illustra ted  by the co rre la tions in 
T a b le s  9 an d  10. H o w ev er, desp ite  the  fact th a t the  flour con tained  native p ro te in , the 
p ro te in  so lub ility  in the  re to rte d  ex tru d a te  was substan tially  h igher than  in the feed 
su g g estin g  th a t th e  ca rb o h y d ra te  co m p o n en t, e ith e r d irectly  (S heard , L edw ard  & 
M itch e ll, 1984), o r  ind irectly  by d ilu tion  o f the p ro te in  com ponen t (S heard  etal. , 1986), 
in te r fe re s  w ith  th e  fo rm atio n  o f som e p ro te in -p ro te in  in teractions.

Conclusions

W e suggest th a t tw o conclusions o f pa rticu la r in terest m ay be draw n from  this w ork. 
F irs t, th e re  is a very w ide varia tion  in the  ex trusion  b ehav iou r o f m aterials with sim ilar 
chem ica l co m p o sitio n . W e have in te rp re ted  these d ifferences in term s of the  pro te in  
c o m p o n e n t p re se n t th o u g h  w e w ould  no t wish to  e lim inate  the  possibility th a t the 
a d d itio n  o f  sm all q u an titie s  o f oil o r lecithin m ay also con trib u te  to  these d ifferences. 
B ec a u se  th e re  a re  such large d ifferences, the resu lts o f experim en ts on a single m ateria l 
sh o u ld  b e  t re a te d  w ith  cau tion . By a ltering  the  p ro ced u re  by w hich the  feed  is p rep a red  
it m ay  b e  possib le  to  tex tu rize  p ro te in s w hich, h ith e rto , have not been am enable  to 
e x tru s io n  p rocessing .

S e c o n d , b e t te r  resu lts  a re  ob ta in ed  w hen the  p ro te in  in the feed m aterial has a low 
w a te r  so lub ility . If the  feed  is in the  form  o f a fine pow der, then  insoluble p ro te in  shows 
less ten d en cy  to  agg lom erate  on the addition  o f w ater and feeding im proves. In addition , 
feed  co n ta in in g  p ro te in  w ith a low w ate r solubility  gives a b e tte r  tex tu re  a fte r ex trusion. 
T h is  a p p e a rs  to  be p a rticu larly  the  case if som e native , as opposed  to  d en a tu red , p ro te in  
is p re se n t.
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T e c h n i c a l  n o t e :  T e x t u r a l  q u a l i t y  o f  c o o k e d  M a l a y s i a n  

f r e s h  w a t e r  p r a w n s  ( M a c r o b r a c h i u m  r o s e n b e r g i i )  a s  

i n f l u e n c e d  b y  t h e  m o u l t i n g  c y c l e

S . A N G E L * , S . H A R P A Z t ,  P . L I N D N E R *  a n d  C . N A V R O T *

Introduction

T h e  M alaysian  fre sh w a te r p raw n , M a c ro b ra c h iu m  rosenberg ii is curren tly  being aqua- 
cu ltiv a te d  w orld -w ide . T hese  crustaceans have been  rep o rted  to  have only a short shelf 
life o n  ice , d u e  to  loss o f  tex tu re  on  cooking . (K urtzm an  & Snyder. 1960; M iyajim a & 
C o b b , 1977; D P E D . 1978; W ate rs  & H ale , 1981; R ow land , F inne & T illm an , 1982; 
B a ra n o w sk i, N ip  & M ay , 1984 and  A ngel e t al, 1986).

V .D . S idw ell (p e rs . co m m .), felt th a t quality  was m ore closely associated  w ith the 
s tag e  o f  m o u ltin g  th an  any o th e r  fac to r, but no d a ta  was p resen ted  to  suppo rt the 
a ssu m p tio n . T h e  p re se n t study was carried  o u t to  d e te rm in e  w he ther m ushiness in 
fresh ly  ca u g h t, co o k ed  p raw ns is re la ted  to  the  m oulting  cycle.

Materials and methods

C o lle c tio n  a n d  p re p a ra tio n  o f  p ra w n s
T h e  p raw n s w ere  tak en  from  po lycu ltu red  fish ponds in Israel, on th ree  separa te  

occas io n s  from  th re e  locations in the  B et S h e ’an V alley. In the first two experim en ts 
(E x p . 1 an d  2) th e  live p raw ns w ere lifted o ff the  conveyors o r picked o u t o f the  shallow  
w a te r  a t th e  p o n d s  edges o r ou t o f the  m ud , as the  ponds w ere d rained . T he  live praw ns 
w e re  ta k e n  to  a field lab o ra to ry  for cooking  and o rgano lep tic  testing. In the  th ird  
e x p e r im e n t (E xp . 3) 1 day iced praw ns w ere taken  from  a com m ercial packing house. 
M o st o f  th em  had  b een  taken  from  the m ud o f a large pond  th a t was being d rained .

In th e  th re e  ex p e rim en ts  the praw ns w ere d iv ided into th ree  m oulting  stages, 
ac c o rd in g  to  th e  h a rd n ess  o r  softness o f the  dorsal shield exoskeleton in the  cardio- 
p e r ic a rd ia l an d  b ran ch ia l reg ions (P a tw ard h an , 1937), and o f the  rostrum . E x terna l 
e x o sk e le to n  p ig m e n ta tio n , which undergoes changes during  the  m oult cycle o f this 
p raw n  (P e e b le s , 1977), w as used  as an add itiona l ind ica to r o f the m oult stage.

In te rm o u lt p raw ns had a hard  exoskele ton  and a hard  rostrum . P rem oult praw ns 
h ad  a flex ib le ex o sk e le to n  and a ha rd  rostrum . P ostm oult praw ns had a soft exoskeleton  
a n d  a d e flec tab le  ro stru m . T he te rm ino logy  was ad o p ted  from  Peebles ( 1977).

S e n s o r y  e v a lu a tio n
In E xps 1 an d  2 th e  p raw ns in each m oulting  stage w ere  cooked  for 3 m in in boiling 

w a te r  and  th en  a ir coo led . T he  cépha lo tho rax  was sep a ra ted  from  the  tail leaving the  
lobes on  th e  seg m en t in tact. T he  lobes re fer to  the  tw o p ro trud ing  sections of the first

Authors' addresses: ‘ Department of Food Science, Agricultural Research Organization, The Volcani 
Center. P.O. Box 6 , Bet Dagan 50250, Israel, and ' Institute of Life Sciences, Department of Zoology, 
Hebrew University of Jerusalem, Israel.
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se g m e n t w hich lie in p rox im ity  to  the hep a to p an creas. T he  shell was then rem oved  from  
th e  ta il an d  th e  tails ev a lu a ted  for tex tu re .

S en so ry  ev a lu a tio n  o f tex tu re  was carried  ou t by an expert te s te r on the  lobes of the  
first seg m en t an d  the  o th e r  segm ents random ly  using a doub le  blind p rocedu re . T he 
lo b es a n d  seg m en ts  w ere  b itten  once by the incisor tee th  and the  tex tu re  classified as 
firm , so ft o r  m ushy . F irm  is defined as o ffering  m axim um  resistance to  a single b ite  by 
th e  in c iso r te e th  o r  hav ing  a springy tex tu re . Soft is defined as o ffering  little resistance to 
b itin g , an d  lack ing  spring iness. M ushy is defined as offering  no resistance to  b iting  and  
p o ssessin g  a m ealy  te x tu re .

In E x p . 1 bo th  lobes w ere  ta sted  a t the  sam e tim e and the  average tex tu re  no ted . In 
E x p . 2, first o n e  lobe was tas ted , the  praw ns random ized  and the second lobe tasted , 
u sing  th e  sam e d o u b le  b lind  p ro ced u re . T he  experim en ts are designated  E xp. 2A  and 
2B  resp ec tiv e ly . F o r E xps 1 and  2, ch i-square tests w ere carried  o u t, yielding tw o way 
fre q u e n c y  tab le s  o f  g roups x  d eg rees of tex tu ra l quality .

H is to lo g ic a l e x a m in a tio n
In E x p . 3, fo llow ing  cooking , the  praw ns w ere cooled  for several m inu tes in ice 

w a te r  an d  d ra in e d  fo r ab o u t 10 m in. M ushiness w as d e term ined  histologically by 
m e a su rin g  th e  d eg ree  o f fibre d isrup tion  o f the  m uscle. In prelim inary  experim en ts this 
m e th o d  show ed  a m a rk e d  d ifference in fibre d isrup tion  betw een  the firm m uscle tissue 
o f  fresh ly  caugh t p raw ns and  the  tissue o f praw ns s to red  on ice for 1 w eek.

T h e  lobes from  th e  first segm ent o f each praw n w ere p laced  in a 10 ml test tube  w ith
1.0 ml d is tilled  w a te r . E ach  tu b e  was covered  w ith parafilm  and inverted  by hand  th ree  
tim es . Im m ed ia te ly  a f te r  inversion the  en tire  1.0 ml o f w a te r w as rem oved  and th ree  
0 .03  ml a liq u o ts  p ip e tte d  o n to  th ree  p rec lean ed , su lphochrom ic acid w ashed m icro 
sco p e  slides. E a c h  a liq u o t o f w ater on the  slide was sm eared  evenly over 1 cm 2 o f 
su rface . T h e  slides w ere  co v ered , allow ed to  dry  for 24 h r, and sta ined  w ith G iem sa 
s ta in  (F lu m aso n , 1967).

T h e  m yofibrils w ere  co u n ted  and th e ir  lengths m easu red  a t x 4 0  m agnification using 
a m o v e a b le  scale p laced  u n d e r the slide. T he m yofibrils w ere classified into long 
( 0 .5 - 1 .0  m m ), m ed ium  (0 .1 -0 .5  m m ) and sh o rt (0.1 mm o r less), and the  average 
n u m b e r  o f  fibres in each  g roup  was calcu la ted  fo r each slide. B oth  lobes of 105 praw ns 
w ere  ex a m in e d  sep ara te ly .

T h e  significance o f  the  d ifferences betw een  the nu m b er o f fibres in each group  for 
th e  th re e  s tages o f  the m oulting  cycle was estim ated  by analysis o f  variance using 
D u n c a n ’s m u ltip le  range  test w ith a G L M  pro ced u re  in a SAS program m e using an IBM  
4341 c o m p u te r .

Results

T h e  d iffe ren ces  in firm ness b e tw een  the pre- and postm ou lt praw ns w ere no t significant. 
T h u s  th e se  tw o  g ro u p s w ere  com bined  and com pared  w ith the  praw ns in the  in te rm oult 
s tag e . O n ly  th e  lobes o f the first segm ent show ed a significant difference in firm ness 
b e tw e e n  the  in te rm o u lt, and  p re- and postm ou lt praw ns.

T a b le  1 show s th e  tex tu ra l quality  o f  the  lobes in the  in te rm oult and the pre- and 
p o s tm o u lt p raw ns. In E xp . 1 the  p e rcen t o f firm lobes in the in te rm oult stage w as 
g re a te r  th a n  in the  p re  +  p o stm o u lt, and the pe rcen t o f soft lobes in the p re + p o s tm o u lt 
w as g re a te r  th a n  in the  in te rm o u lt stage. T he p ercen t o f m ushy lobes was n o t d ep en d en t 
on  th e  m o u ltin g  s tage.
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Table 1. Textural quality of cooked prawn tail first segment lobes from the intermoult and pre- and 
postmoult stages

Exp.
Moulting
stage

Texture (%)

X" P ’Firm Soft Mushy

1 ( n  =  94) Intermoult 63.3 6.7 30.0
Premoult + 7.03 0.03
postmoult 43.8 31.3 25.0

2A ( n  =  79) Intermoult 57.4 31.2 11.5
Premoult + 9.81 0.007
postmoult 17.7 47.1 35.3

2B pi =  79) Intermoult 55.74 31.15 13.11
Premoult + 17,4 0.0002
postmoult 5.56 44.44 50.00

In  E x p . 2 A  th e  p e rc e n t o f  firm lobes in the  in te rm o u lt stage was m uch g rea te r th an  in 
tn e  p re + p o s tm o u lt  s tages, w hile the  p e rcen t o f soft lobes in the  la tte r  w as som ew hat 
g re a te r  th a n  in the  fo rm er. T h e  p e rcen t o f  m ushy  lobes was m uch g rea te r in the 
p re  +  p o s tm o u lt th a n  in the  in te rm o u lt praw ns.

In  E x p . 2B th e  p e rc e n t o f  firm  lobes in the  in te rm o u lt stage was m uch g rea te r than  in 
t he p re  +  p o s tm o u lt s tages, w hile the  pe rcen t o f  soft lobes in the  th ree  stages was sim ilar. 
T h e  p e rc e n t o f  m ushy  lobes w as, how ever, m uch g re a te r  in the  p re + p o s tm o u lt praw ns.

T h e  h isto log ica l s tud ies , sum m arized  in T ab le  2, o f the d isrup ted  m yofibrils in the 
p raw n  lo b es o f  E xp . 3 show ed th e re  w ere  no significant d ifferences in the  n u m b er of 
lo n g  fib res a m o n g  the  th re e  m oulting  stages. H ow ever, th e re  w ere significantly m ore 
d is ru p te d  m ed iu m  size fibres in th e  p re- and  p ostm ou lt than  in the  in te rm oult praw ns.

T h e  g re a te s t d iffe ren ces be tw een  m oult cycle stages w ere in the  average n u m b er of 
d is ru p te d  sh o rt fib res, w ith  the  few est (17) in th e  in te rm o u lt and m ost (102) in the  
p o s tm o u lt s tage.

Table 2. Histological examination of disrupted first segment lobe myofibrils in three 
moult cycle stages (Exp. 3, n =  105)

Average number 
myofibrils per prawn*

Fibre disruption 
index

Moulting
stage

Long
fibres

Medium
fibres

Short
fibres

Ratio short to long 
fibres

Intermoult 4.3a 7.6a 17.0a 4.25
(n =  79) 
Premoult 6.3a 20 . lh 102.0b 17.0
(n =  11) 
Postmoult 8.4a 19.5b 60. Ie 7.5
(« =  15) 
S.D. 11.5 17.7 60.9

Means with same letter in a column are not significantly different, (P >  0.05).
43
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Discussion

T h e p re  +  postm oult prawns were softer or m ushier and had a larger proportion of short 
fibres, than  the in term oult stage prawns.

Praw ns in the th ree stages differ in their muscle composition and the present results 
can be explained by the biological changes which take place between the moulting 
stages. In term oult prawns have firm com pact tissue and upon entering the prem oult 
stage begin to  absorb w ater. This w ater uptake, which can increase the body weight by 
60% , aids the praw ns in the process of ecdysis (the shedding of the old exuvia) 
(P assano , 1960). Such absorption of w ater may soften the tissue by disrupting the 
in ter-fib re  connections within the muscle. Muscle tissue in the lobes of the first segment, 
which lie on both  sides of the hepatopancreas and thus in proximity to digestive and 
p ro teo ly tic  enzym es (Baranow ski el al., 1984), tends to disrupt and disintegrate on 
cooking.

A fte r m oulting , the am ount of w ater in the tissues gradually decreases (Passano, 
1960), although sufficient may still be present to cause significant myofibrillar 
d isin tegration  and mushiness.

T he sensory test suggested there was no significant difference in texture between 
pre- and postm oult praw ns, perhaps because a proportion of prawns which had been 
classified pre- and postm oult were either just going into or just coming out of the 
in term ou lt stage. H ow ever, there were highly significant differences in the num ber of 
sho rt fibres in the first segm ent lobes for the pre-, post- and interm oult stages. Thus, the 
histological test may be a b e tter indicator of the disintegration state of the tissue after 
cooking than  the sensory test.

Conclusions

P rem ou lt praw ns are apparently  most prone to tissue degradation. Such prawns would 
have the shortest shelf life, since degradation advances rapidly due to both endogenous 
p ro teo ly tic  enzym es in the muscle (Mykles & Skinner, 1982) and the action of hepato
pancreas digestive enzymes. Postm oult prawns would tend to be less mushy, but since 
they  also contain large am ounts of w ater they are also prone to tissue degradation.

D ue to the vulnerability of the pre- and postm oult prawns, it would be best to 
consum e them  within hours of catching. If storage on ice is necessary, the heads should 
be rem oved. It would be advisable not to freeze prawns in these two stages of moulting.
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Principles of Plant Biotechnology: An Introduction to Genetic Engineering in 
Plants. By S .H . M antell, J .A . M atthews & R .A . McKee. Oxford: Blackwell, 1985. Pp. 
iii+269. ISBN 0 632 01215 3. £10.80 (paperback).

T he ancien t but rapidly expanding craft of plant biotechnology has its roots in many 
fields o f science, and depends on diverse techniques. These range from manipulation 
and m odification o f the genes, through m ethods applied at cell and tissue levels, to 
industrial-scale ferm entations. This book gives the scientific background to these 
techn iques, and describes how newly emerging m ethods are being used in the exploi
ta tion  o f plants and the developm ent of m arketable products or services from them.

A fte r a b rief in troductory  chapter in which the im portance of plants in the global 
econom y is established, and ‘B iotechnology’ is defined, there are four chapters on 
techn iques and background science, followed by three on practical applications of 
tiiese. Interestingly , the ‘science’ chapters occupy a larger proportion of the book, at 
122 pages, than the ‘applications’ chapters with only 90. The diverse topics covered in 
the  earlie r chap ters— plant m olecular biology, cloning plant genes and transferring 
them  to o th e r plants, and tissue culture m ethods— inevitably mean that some of the 
trea tm en t is ra th e r sketchy. Each individual topic has been, after all, the subject of a 
num ber of recent full-length texts. N evertheless, the present volume does manage to 
give a good in troduction  to these topics, and a useful feature is a list of suggested further 
read ing  at the end  of each chapter. The reader who is not familiar with recom binant 
D N A  and plasm id techniques may find the going fairly heavy in some places, for 
exam ple in the description of the construction of gene vectors based on the 
Agrobacterium  Ti plasmid.

T he ‘applications’ chapters cover use of culture techniques in rapid propagation 
m ethods, the use of tissue, cell and m olecular techniques in plant breeding, and some 
industrial uses of p lants, cells and enzymes derived from them . The writing here is quite 
nicely balanced betw een existing achievem ents— the clonal propagation of oil palms, 
and  the use of plants as sources of pharm aceuticals are notable examples— and the 
difficulties which rem ain before much of the technology which works in the laboratory 
can have a com m ercial m anifestation. In the area of gene transfers, there is a good 
discussion of the problem s associated with modification of storage proteins, and 
insertion  of genes of N-fixation into non-legum inous crops. In contrast, the intriguing 
possibilities o f controlling weeds, pests and diseases by novel techniques are scarcely 
explored .

T he book  includes no fewer than eight appendices, covering topics as diverse as 
som e extrem ely  basic m olecular biology, and num erous recipes for tissue culture 
m edia. I am  not convinced that these are useful: anyone who requires the basic 
m olecular biology should read a book on the subject, and anyone who is em barking on, 
say, an o th e r cu lture , will need to consult the prim ary literature.

A p art from  the reading list at the end of each chapter, some 460 primary references 
are cited. T here  has clearly been an effort to be up-to-date in this; most of the citations 
are  to  papers published in the 1980s. H ow ever, the coverage falls off seriously in 1983 
and th ere  is alm ost nothing for later years. This m eans that im portant recent and
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no t-so-recent developm ents, especially in the areas of gene vectors, and transform ation 
o f  m onocotyledons, are missing from the text.

T he book is well produced, with num erous line drawings, quite reasonable photo
graphs and much tabulated  inform ation. There is a comprehensive and useful index, 
and a short glossary. T here are comparatively few typographical or m inor factual 
e rro rs ; plant RN A viruses acquire a mysterious m anifestation as DNAs at one stage, for 
exam ple , and som e of the definitions in the glossary may raise an eyebrow.

For undergraduates in plant sciences, this book should provide a good general 
in troduction  to biotechnology at a reasonable price. For those already engaged in 
b io technology , w hether in plant production, the food industry or industrial ferm en
ta tio n , it will provide a very basic overview of the emerging technologies, and some 
indication  of w here to  go for m ore detailed treatm ents.

R .S .S .  Fraser

Quality Control in the Food Industry, Volume 1. 2nd edn. Ed by S. M. Hersch- 
doerfe r. London: A cadem ic Press, 1984, Pp. xiii+469. ISBN 0 12 343001 1. £45.00.

T he first edition of this work appeared in 1967. This second edition has been enlarged to 
four volum es from  the original three, with this expansion being largely in the com
m odity chapters in Volum es 2, 3 and 4. However, Volume 1, which is being reviewed 
he re , has itself been extended from 385 to 469 pages.

A num ber of the original contributors have been replaced by new authors for this 
new edition . T here  are eight chapters. The first, 'The organization of quality control' by 
John  H aw thorn , is essentially unaltered from the first edition, with the bulk of the 
ch ap te r being com prised of the hypothetical case study of the production of ‘O kebits’ 
canned  acorns.

T he second chapter, ‘H ealth problem s in foods: chemical aspects’ by A rnold 
B ender (replacing A lastair Frazer of the first edition), is substantially new— partly 
because it is by a different author, but also because of the significant changes which have 
occurred  since 1967. To give just three examples of fresh topics, hyperactivity, lysino- 
alan ine p roduction , and the Ames test are discussed. There is then a new chapter, also 
by A rno ld  B ender, entitled ‘Food processing and nutritional values’, which deals with 
nu tritional losses and nutritional gains during processing, and mentions briefly both 
nu tritional labelling and the problem s of analysis.

T he ch ap te r on microbiological aspects has been rew ritten for this edition by David 
M ossel and colleagues, and although the principal microbial hazards and their methods 
of detection  are briefly and severally described, the emphasis of the chapter is different 
from  tha t in the first ed ition , reflecting as it does the current awareness of the limitations 
o f end  product exam ination in the attainm ent of a supply of microbiologically safe 
p roducts, and the correspondingly great im portance of risk analysis and the application 
o f C odes of G ood M anufacturing Practice. M ethods of m onitoring processing pro
cedures are  also discussed.

T he chap ter on ‘Statistical m ethods in quality contro l’ by E .H . Steiner mostly 
follows tha t o f the first edition, but an additional topic now covered is that o f Cusum 
con tro l charts, and there is also an additional section on the precision of analytical 
m ethods. O ne surprising omission is discussion of the 3-class attributes sampling plans 
which w ere developed for the International Commission on Microbiological Specifi
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cations for Foods (ICM SF), and which now feature so frequently in draft m icro
biological specifications. The next contribution, ‘Sensory assessment in quality control’ 
by N .T . G ridgem an, is almost identical to that in the first edition, recent work not 
having been incorporated  and critically reviewed, the principal change being the 
add ition  o f an appended  'B ibliographic no te’ of IV2 pages.

As m ight be expected, the chapter on "National and international standards' by 
R .FF M urray (in place of Francis Townshend in the first edition) is considerably 
m odified, w ith discussion of E E C  standards, and also of standards relating to pesticides, 
food additives, labelling, and nutrition. The final chapter on ‘Quality standards and 
specifications in the food industry’ by N. G oldenberg is new to this edition. It gives 
exam ples of m icrobiological and chemical standards which can be adopted, and of 
C odes of Practice relating to processing, packaging and storage.

T o sum m arize, this first volume of the second edition contains two new chapters, 
and  th ree  of the rem aining six chapters are newly w ritten (in all cases by new con
tribu to rs).

T he index unfortunately  is minimal with very many topics not listed. To give just two 
exam ples from  those already m entioned, the Am es test and cusum charts cannot be 
found  through the index. This restricts the usefulness of this volume in particular as a 
w ork o f reference , so that it needs to be viewed as a book which offers a num ber of essay 
review s on the topics of the chapter titles. C onsequently, I feel that it is unlikely that 
readers w ho already possess Volume 1 in the first edition will feel compelled to spend 
£45.00 to  purchase this book.

W . F .  H a r r i g a n

An Evaluation of the Role of Microbiological Criteria for Food and Food Ingredi
ents. By the N ational Research Council (U .S .) Food Protection Com m ittee, 
S ubcom m ittee  on M icrobiological C riteria. W ashington, D .C .: N ational Academy 
Press, 1985. Pp. xiv+436. ISBN 0309034973. £34.30.

In 1962 the In ternational Association (now Union) of Microbiological Societies set up 
the In ternational C om m ittee (now Commission) on Microbiological Specifications for 
Foods (the ICM SF). From 1964 onwards, the ICMSF has been responsible for a 
num ber o f no tab le  publications on, i n t e r  a l i a ,  microbiological m ethods, sampling plans 
and specifications. A t around the same time national and international bodies such as 
the US Food and D rug A dm inistration (FD A ) and the US National Research Council 
(N R C ), the E E C , and Codex A lim entarius have also paid attention to the same topics. 
A m ongst the previous publications of the NRC have been A n  E v a l u a t i o n  o f  P u b l i c  

H e a l t h  H a z a r d s  f r o m  M i c r o b i o l o g i c a l  C o n t a m i n a t i o n  o f  F o o d s  (1964) and A n  

E v a l u a t i o n  o f  t h e  S a l m o n e l l a  P r o b l e m  (1969).
A t the begining of this period emphasis tended to be placed on end product 

specifications. In B ritain , although many com panies have operated their own end 
product specifications for decades, the thrust of law enforcem ent has traditionally been 
tow ard inspection of the food production premises, under such legislation as the F o o d  

H y g i e n e  ( G e n e r a l )  R e g u l a t i o n s .  In 1974 the United States FDA formalized the moni
to ring  of the hygienic aspects o f food production through the introduction of the Hazard 
A nalysis Critical C ontrol Point (H A C C P) concept.

This latest publication from the N RC suggests plans for implementing the H A CCP
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system  in food production  program m es and for developing meaningful specifications, 
guidelines and standards. The book arose from a request directed to the N RC by the 
F D A , U S D A , the N ational M arine Fisheries Service and the US Army Natick Lab
o ra to ry . T he volum e opens with a 15 page ‘Executive Summary’ and 25 pages of 
‘R eco m m en d atio n s’, the latter providing a summary of the recom m endations which 
derive from  C hap ters 1 to 11. C hapter 1, ‘In troduction’, examines the sources and 
activities of m icroorganism s in foods, and their control. C hapter 2 discusses the ‘Defi
n itions, Purpose and Needs for M icrobiological C riteria’. Following a brief chapter 
giving exam ples of particular foods of microbiological concern, C hapter 4 (‘Selection of 
P athogens as C om ponents of M icrobiological C riteria’) and C hapter 5 (‘Selection of 
Ind ica to r O rganism s and A gents as Com ponents . . .’) briefly outline respectively the 
p rincipal public health  hazards and a range of microbiological quality criteria such as 
aerob ic  p late  counts, direct microscopic counts, m ould counts, coliform tests, dye 
reduction  tests, and m etabolites (e.g ., TM A , indole, diacetyl, histamine, therm o
nuclease, aflatoxin). C hapters 6 and 7 then consider attributes and variables sampling 
p lans, and the action to  be taken when a limit is exceeded.

T he next chap ter provides an interesting overview of the current sources of micro
biological criteria  (e .g ., F A O , ICM SF) and the US national and state legislation.

C h ap te r 9, ‘A pplication of M icrobiological C riteria to Foods and Food Ingredients’, 
is th e  longest chap ter in the book, at 124 pages. It discusses the microbiological aspects 
o f the  principal food com m odity groups, and it can be likened to a US-oriented version 
o f the  com m odity volum e (Volum e 2) of the ICM SF book Microbial Ecology o f  Foods. 
T he  final chap ter concerns plans of action for im plem entation of FIACCP and of 
m icrobiological criteria. T here are seven appendices and a 16-page index. The text 
th ro u g h o u t is supported  by an extensive bibliography. The book provides a valuable 
source of inform ation for readers interested in or concerned with the subject of US food 
p ro tec tion  program m es, but it also has much to offer the student of food protection in 
general.

VV'. F. Harrigan

Sensory Evaluation of Food: Statistical Methods and Procedures. By Michael 
O ’M ahony. New Y ork: M arcel D ekker, 1985. Pp. xv+487. ISBN 0 8247 7337 3. US 
$102.00.

T h ere  are  sixteen chapters of text occupying about 400 pages. The first third covers 
basic statistical m ateria l— probability, norm al, binom ial, chi-square and /“-distri
bu tions. A n o th e r third concerns the analysis of experim ents designed in a num ber of 
s tan d ard  ways, the last being ‘Split-plot D esigns’. In this section of the book there are 
sep ara te  chapters on ‘M ultiple C om parisons’ and ‘Fixed- and Random -Effects 
M o d els’. In the last third of the text ‘Correlation and Regression’ m erits only a few 
pages com pared  with a long chapter on ‘A dditional N onparam etric Tests’ and a 
selection  o f appendices. It is very much a book about statistical m ethods, ra ther than 
ab o u t sensory evaluation m ethodology. O ne need only remove a dozen main entries 
ou t o f well over 200 from the index to m ake it quite impossible to discern the field of 
application  of the statistical techniques, except to infer that the author had learned his 
statistics from  psychologists ra ther than from statisticians.

T he book claims to be aimed at University students, at ‘the unwitting food scientist
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who has just been told that he or she is in charge of sensory evaluation, despite having 
had no tra in ing ’, and at workers in the field who want a ready reference at an intro
ductory  level.

For British students the price of $ 102 looks prohibitive. Food sciences students seem 
to  be heavily burdened  with lectures, practicáis and assignments and many may well 
w ant a less self-indulgently long-winded text.

T he a u th o r’s second category of unwitting food scientists with no training will be 
d isappo in ted  to find little in the book about the basic techniques of sensory analysis. 
T h ere  could be an excellent book laying out those principles and integrating them with 
e lem en tary  but sensible statistical procedures. This is not that book. I looked up 
M agnitude Estim ation via the index and found only a couple of trite sentences, which 
certain ly  w ould not have led me to think there might be a technical literature on this 
subject. R eferences are few and far betw een except in the acknowledgments below the 
m any pho to rep roduced  statistical tables.

W orkers in the field who want a ready reference would probably want some 
reference  to  the handling of profile data, where many characteristics of each sample are 
ra ted . T h ere  seem s to be no effective treatm ent herein of this extremely common 
fea tu re  o f sensory data. A dm ittedly most statistical analysis is a little advanced, by the 
standards O ’M ahony sets, but some descriptive discussion would have been quite in 
order.

This review er is loath to reject a statistics book just because the author does not have 
professional qualifications in the subject; its universal application means many brilliant 
people  have becom e fascinated by statistics after qualifying in o ther fields. There is 
how ever som ething very strange in a Preface which boasts, ‘The book is hard-headed 
bu t it is also very simple to understand. This is because it is written by a very simple 
non-statistican . If I can understand it, you can to o l’ If I removed the prefix non-, and put 
this phrase  into my book on ‘D o-it-yourself Brain Surgery’ I would still not expect to be 
tak en  seriously by any publisher, but with statistics books the profession of ignorance 
seem s to  be trea ted  much m ore positively. In this instance, the worker looking for an 
au tho rita tive  ready reference should discount the first quoted sentence, believe the 
second, and underline the first word of the last.

T he excessive concentration on hypothesis testing, and the uncritical use of multiple 
com parison  m ethods, are examples of a very limited perception of what statistics is 
abou t. T here  are plenty of examples of plain error. O pening the book at random , I 
found Fig. 7.1 giving a population pyramid with indeterm inate num bers of people at the 
low est ages, and a discrete distribution drawn as continuous, one axis out of four being 
labelled , one having a (wrong) scale. D espite being quite well-produced, and despite 
laudable  in ten tions to com m unicate at a realistic level of discourse, this book has to be 
condem ned  as too ill-judged and too inaccurate to find a place in scientists’ libraries.

I . M .  W i l s o n

Intestinal Microbiology. By B.S. D rasar and P.A . Barrow. (Aspects of Microbiology 
10). W okingham : van N ostrand Reinhold, 1985. Pp. vii + 80. ISBN 0442305982. £5.25 
(paperback).

A b o u t 90%  of the cells in the human body are bacteria: the cells that comprise the body 
are  num erically in the m inority, though of course their volume is greater. Most of the



654 B o o k  R ev iew s

b ac te ria  are in the gut, and for most of the time they exist in balance with the host. It is of 
im portance  to the food industry that products m arketed do not contribute to upsetting 
this balance. In fact there have long been claims that certain gut microbes can be 
beneficial: by contributing to longevity, by making invasion by pathogens less likely, by 
con tribu ting  vitam ins, and, of course, as symbionts in the rumen. This book provides an 
in teresting  introduction  to structural physiology and function of the gut of man and 
anim als in the context o f microbiology. There are four sections: m ethods for investi
gating  intestinal flora; nature of intestinal flora of the normal intestine; intestinal flora in 
d ia rrh o ea  and m alabsorption; benefit and mischief, including cancer, from the intes
tinal flora. Each chap ter is supported by a short guide to further reading, but recent 
lite ra tu re  is not widely m entioned. Type and diagrams are clear and accurate, there is a 
useful index, and altogether the book represents good value for money.

T he au thors, em inent in their field, have provided a useful broad introduction to the 
gut ecosystem s in man and animals. For example, we are told that of 7 litres of fluid per 
day en tering  the small intestine of man only 2 enter as diet, the rest entering as intestinal 
secre tions— a fact that em phasizes the complexity of study of fluid balance in the gut in 
the  contex t of d iarrhoea. The physiological basis of coprophagy by rabbits and other 
anim als is explained, as are various o ther gut-related topics. We learn that over 300 
species of bacteria  are known to occur in the gut, and so we come to appreciate the 
difficulty of investigating relationships between diet and types of microbes in the gut. 
T he problem s with such investigations are also hinted at in o ther ways. The detection of 
corre la tions betw een presence of particular microbes in the gut and particular nutrition 
is difficult enough but even m ore difficult is determ ining whether correlations are 
m erely  incidental or represent causal relationships.

M ore guidance on the types of bacteria in the gut might have been given. In a book 
o f this sort it seem ed inappropriate to recom m end readers to Bergey's M anual for 
fu rth e r guidance on identification. The authors appeared to use the term ‘niche’ in its 
th ree  d im ensional, architectural, sense, ra ther than in its multidimensional, ecological 
sense. I did not like the apparent equating of Eh with oxygen tension; Hungate clearly 
indicated  long ago that Eh values could be high enough to inhibit growth of some 
b ac te ria , even in the com plete absence of oxygen. It seem ed inadequate to quote a 1972 
re ference  in support of a statem ent that mechanisms of pathogenesis in many types of 
d ia rrhoea l diseases had not been elucidated. While the statem ent is still true, the field is 
a fast m oving one and much useful and interesting information has come to light since 
then . D espite these m inor criticisms I recom m end the book for undergraduates and 
o th e rs  wishing to have a useful introduction to the complexities of the relationships 
betw een  the gut and its microbes.

R .W .A .  P ark

Common Fragrance and Flavor Materials: Preparation, Properties and Uses. By
K urt B auer and D oro thea  G arbe. W einheim: VCH , 1985. Pp. 213. ISBN 3 527 26038 2. 
D M 112 .

This book is sta ted  to be essentially a translation of the chapter on fragrance and flavour 
m ateria ls  in U llm ann’s Encyclopddie der technischen Chemie, Volume 20, 4th edn, 
1981, supplem ented  by relevant inform ation from other sections and by recent
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developm ents. F lavour should not have been used in the title, since the book deals with 
odo rous com pounds only, deliberately setting sapid com pounds aside.

T he bulk of the book is concerned with individual odorous compounds (107 pp. 
subdivided into aliphatic com pounds, acyclic terpenes, cyclic terpenes, o ther cyclo
aliphatic  com pounds, arom atic com pounds, phenols and phenol derivatives, O-hetero- 
cvcles, and N- and S-heterocycles); essential oils (60 pp .); animal secretions (3 pp.); 
quality  contro l (1! p .); toxicology (1! p .); literature (11 pp.; including almost 300 
references, m any to docum ents of the Essential Oil Association of the USA and of 
ISO ); form ula index including CAS registry num bers (12 pp.); and subject index (9
p p .).

For each com pound, there is given the m olecular form ula, the molecular weight, 
boiling point and /o r m elting point, density, and refractive index, followed by natural 
occurrence , odour qualities, isolation, synthesis, and uses (but not form ulation), the 
length of the entry being roughly in proportion to the com pound’s importance. 
E ssential oils are dealt with in a parallel m anner, additional data, such as specific 
ro ta tio n  and solubility, usually being included.

T he book thus offers a great deal of inform ation, but it is not clear for whom it is 
in tended . T he specialist would want to have a fuller treatm ent and would thus go to 
G u e n th e r’s T h e  E s s e n t i a l  O i l s  (1952) or G ildem eister and H offm an’s D i e  a t h e r i s c h a n  

O e l e  (1966); the lay reader is likely to become bogged down in detail, unless he were 
only seeking the answ er to fairly specific questions, such as, ‘what is coriander oil' and 
‘w hat is its principal constituen t’.

T here  are surprises in the book; a selection follows. The omission of sweet from the 
prim ary tastes. T he statem ent that an objective classification of odour qualities is not 
possible. O nly rarely are thresholds given for odorants. Sulphur com pounds, except for 
allyl iso th iocyanate, are dealt with ra ther cavalierly, and even there the difference 
betw een  English and French m ustard is not pointed out, nor is horseradish oil 
m en tioned . D am ascones rate a section, dam ascenones don ’t. The odour of furfural is 
described  as freshly baked bread and that of furaneol as relatively weak and non
specific. N o details of the synthesis of N- and S-heterocycles are given. Elemicin 
appears under nutm eg, but not under elemi oil. Term s like fixative are not explained. 
W ords such as alm ond, apple, beef, bu tter, coconut, cheese, chocolate, coffee, curry, 
honey , m eat, m ushroom , peach, pineapple, and strawberry are not to be found in the 
subect index. T here  is no reference to V. Form acek and K .-H . Kubeczka, E s s e n t i a l  O i l  

A n a l y s i s  b y  C a p i l l a r y  G a s  C h r o m a t o g r a p h y  a n d  C a r b o n - 1 3  N M R  S p e c t r o s c o p y ,  Wiley 
H eyden , C hichester, 1982.

O verall, the book leans m ore towards fragrances than towards flavours, but, in spite 
o f the above criticisms, explicit or implied, the book is recom m ended as occupying a 
niche left largely vacant. The book is very well produced with many clear formulae and 
very few m isprints and Germ anicism s.

H . E .  N u r s t e n

Digestibility and Amino Acid Availability in Cereals and Oilseeds. Edited by John 
W. Finley & D aniel T . H opkins. St. Paul, M innesota: Am erican Association of Cereal 
C hem ists, 1985. Pp. ix + 304. ISBN 0 913250 40 6. US$58.00
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This com pilation results from a symposium sponsored in 1983 by the Protein Division of 
the A m erican  A ssociation of Cereal Chemists. The twelve chapters are each w ritten by 
w ell-know n specialists. The objectives of the symposium were to determ ine the effect of 
digestibility on the nutritional quality of cereals and oilseed proteins, to recom m end 
p rocedures for determ ining the availability of individual amino acids, to ascertain the 
chem ical and physical reasons for differences in digestibility and availability, including 
processing factors, and to decide w hether protein quality can be determ ined by 
estim ates of digestibility or am ino acid content.

N ot surprisingly, the answers to these questions are complex, and subject to reser
vations, but the authors have, on the whole, presented their conclusions as clearly as 
could  have been expected, backed by convincing evidence.

T his text will be of particular value to specialists, including research workers, in the 
n u tritiona l sector of the feeds, and to a lesser extent, the food industry. The food 
industry  is increasingly concerned with nutritional issues, but the consequences of 
p resen t day highly diversified diets are that, so long as deficiencies and hazardous 
com ponen ts are avoided, the diet as a whole is what m atters, not the features of 
m inority  com m odities within it. Further, the protein com ponent of the diet is less 
em phasized  now adays than formerly. A nother trend in the food industry, towards 
increasing and m ore sophisticated food processing, is also im portant, and is recognized 
in several chapters. No doubt this book is not aimed at the non-specialist reader but, 
even so, it would have been useful to refer occasionally to implications for the human 
d iet o f low availabilities, absorptions and digestibilities.

T h e  standard  of presentation  is high. References are up-to-date and carefully 
docum en ted , tabulation  is a strong feature and there is a good index. In general both 
au tho rs and publishers m ust be congratulated.

B . J . F .  H u d s o n

Fungi and Food Spoilage. By John I. Pitt and Ailsa D. Hocking. Sydney: Academic 
Press, 1985. Pp. xi+413. ISBN 0 12 557730 3. £49.00.

Introduction to Food-borne Fungi. By R obert A. Samson, Ellen S. H oekstra, Connie 
A .N . van O orschot and others. B aarn, N etherlands: C entraalbureau voor Schimmel- 
cu ltu res, 1984. Pp. ii+248. ISBN 90 70351 03. £7.50 (obtainable from the C om m on
w ealth  M ycological Institu te, Kew).

B oth  o f these books are intended as laboratory guides for food microbiologists who are 
involved in the isolation and identification of food-borne fungi. Consequently they 
fea tu re  identification keys (in both cases dichotom ous) and a large num ber of black 
and  w hite illustrations. In addition, both books have a num ber of supporting chapters 
discussing various aspects of the growth and physiology of food spoilage fungi, food as a 
fungal h ab ita t, and  the cultural and identification m ethods available. These chapters in 
Pitt & H ocking  are: The ecology of fungal food spoilage; Naming and classifying fungi; 
M ethods fo r iso lation , enum eration  and identification; Spoilage of fresh and perishable 
food ; and Spoilage of stored , processed and preserved foods. The corresponding
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chap ters in S a m s o n  e t  a l .  are: The detection and quantification of fungi in food; Fungal 
grow th on foodstuffs related to mycotoxin contam ination; Mycotoxins, sampling and 
chem ical detection ; H eat resistance of yeast cells and fungal spores; Food preserv
atives; Ferm entation  foods by moulds; and a Glossary of mycological terms. It is 
obvious from  the chapter headings listed above that S a m s o n  e t  a l .  pays more attention 
to the question of mycotoxigenesis and to the possibility that fungi spoiling food may 
produce  m ycotoxins.

T he food m icrobiologist with little mycological background will find these books 
d ifferen t in the accessibility of the inform ation. The provision by S a m s o n  e t  a l .  of the 
glossary of m any of the m ore specialized mycological term s avoids the necessity for a 
user to  refer too  frequently to a book such as Ainsworth & Bisby’s D i c t i o n a r y  o f  t h e  

F u n g i .  Indeed  Sam son’s glossary includes a useful half-page of diagrams which 
illustrate  the subtle differences between shapes such as falcate and fusiform; ampul- 
liform  and pyriform ; obovoid and davate . In contrast, although P i t t  &  H o c k i n g  state 
th a t ‘the identification keys have been designed for use by microbiologists with little or 
no p rio r know ledge of mycology’, the reader is offered little or no help in dealing with 
the term inology used in the keys, e .g ., ‘intercalary chlamydoconidia and arthroconidia 
o resen t; aleurioconidia on tiny pedicels or solitary’.

T h e  keys in P i t t  &  H o c k i n g  are based on an initial culturing on a num ber of standard 
m edia incubated  at 5, 25 and /o r 37°C. M any of the differential characteristics relate to 
ap p earan ce , size and colour of colonies on the standard media. W ithout such standard 
culturing  it will be nearly impossible to identify fungi with this book. S a m s o n  e t  a l . , on 
the  o th e r hand, use the m ore conventional characteristics observed by microscopic 
exam ination  in their keys. A lthough S a m s o n  e t  a l .  recom m end the culture of fungi on 
s tan d ard  m edia, the descriptions of colonial morphology are given within each genus or 
species to provide confirm atory identification; the user will thus frequently be able to 
achieve a good identification to generic or even to species level from microscopic 
observation  of sporulating fungi from the prim ary isolation medium or from the 
foodstuff. O f course, a standardized identification procedure is to be preferred, but 
o ften  a food m icrobiologist will need to m ake a rapid identification and this is not really 
possible w ith P i t t  &  H o c k i n g .

T he two m anuals are similarly illustrated with black and white photographs of 
colonies on standard  m edia, photom icrographs taken mainly using Nomarski inter
ference  con trast, and line drawings. H owever, the larger format of S a m s o n  e t  a l . ,  in 
which a typical group of five illustrations occupies a full printed page of 24x 16 cm, 
m akes the book m ore com fortable to use than that of P i t t  &  H o c k i n g  in which a group of 
th ree  illustrations is typically only allocated 11.5x6 cm.

By now readers will have suspected that I prefer the m anual by S a m s o n  e t  a l .  and you 
will be correct. This elegantly produced m anual with excellent illustrations m u s t  be a 
‘best buy ’ at £7.50, and I strongly recom m end the purchase of a personal copy by any 
food scientist, practising or student, who needs to identify food microfungi. However, 
the  book by P i t t  &  H o c k i n g  is likely to be valuable to food microbiologists needing an 
en trée  into the literature  relating to the occurrence and significance of a given fungal 
species in foods, since the bibliography is m ore extensive, but at £49 purchase is likely to 
be restric ted  to one copy in the laboratory library.

W . F .  H a r r i g a n
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Cheesemaking Practice, 2nd edn. By R. Scott.
L ondon : E lsevier A pplied Science, 1986. Pp. xxii+529. ISBN 0 85334 392 6. £42.00.

Five years have elapsed since the publication of the first edition (reviewed in this 
jo u rn a l, Vol 17, page 787). The au thor has identified changes as including a greater use 
o f references to the literature, and a m ore detailed treatm ent of the topics of casein 
m icelles, starters, coagulation of milk, and the ultrafiltration of cheese milk. In line with 
the  usual practice in Elsevier Applied Science publications, the references have been 
p laced at the end o f each chapter, ra ther than consolidated at the end of the book, and 
do not include titles of papers. There has been a slight increase in the overall length of 
the book (529 pages, instead of the 475 pages of the first edition), although most of this 
increase is used for the references.

Short reviews

Meat Science, 4th edn. By Ralston A. Lawrie.
O xford: Pergam on, 1985. Pp. xviii +  267. H ard cover: ISBN 0 08 030790 6, £25.00; 
flexicover: ISBN 0 08 030789 2, £14.00.

T he th ird  edition was published in 1979, and the author observes that there has been a 
considerab le advance in our knowledge relating to the science of m eat in the in ter
vening tim e. Topics which have been added to, or which have been am ended substan
tially include: the horm onal control of reproduction and growth, preslaughter stress, 
m ethods of stunning and bleeding, use of refrigeration, eating quality, and consumer 
health . New sections have been included on the electrical stimulation o f carcasses 
post-m ortem , the mechanical recovery of m eat, the modification of m eat by high 
p ressu re , reform ation after com m inution, and the incorporation of proteins from 
ab a tto ir  waste or from non-m eat sources.

Advances in Refrigeration and Heat Pump Technology Achieved by the 
Application of Micro-electronics and the Control of Systems by Micro-electronic 
Devices, 2 vols.
Paris: Institu t In ternational du Froid, 1985. Pp. 462. FF200.

T hese tw o volum es constitute the proceedings of the meeting of Commission B2 on 3 -7  
S ep tem ber, 1984. M ost papers are presented in English, with a French summary; a few 
are in French with an English summary.

Books received

Modern Control Techniques for the Processing Industries. By T .H . Tsai, J.W  
L ane and C.S. Lin.
N ew  Y ork: M arcel D ekker. 1986. Pp. ix + 277. ISBN 0 8247 7549 X. US $71.50.
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Vitamin Deficiency in the Elderly: Prevalence, Clinical Significance and Effects 
on Brain Function. Ed. by J .R . Kemm and R .J. Ancill.
O xford: Blackwell Scientific Publications, 1985. Pp. xi +  210. ISBN 0 632 01365 6. 
£15.00.

Chemical Changes in Food during Processing. Ed. by Thom as Richardson and John 
W . Finley. W estport. C onn.: A V I, 1985. Pp. xv+514. IBN 0 87055 504 9. £6.3.75 
(d istribu ted  by D. R eidei, 3300 A Z  D ordrecht, The N etherlands).

Concentration and Drying of Foods. Ed. by Diarm uid M acCarthy. London: Elsevier 
A pplied  Science, 1986. Pp. x+303. ISBN 0 85334 442 6. £32.00.

Food Packaging and Preservation: Theory and Practice. Ed. by M. M athlouthi. 
L ondon : E lsevier A pplied Science, 1986. Pp. xiii+402. ISBN 0 85334 413 2. £48.00.

Functional Properties of Food Macromolecules. Ed. by J .R . Mitchell and D A. 
L edw ard . L ondon: E lsevier A pplied Science, 1985. Pp. xii+433. ISBN 0 85334 373 X. 
£52.00.

Economic Aspects of Biotechnology. By A ndrew  J. Hacking. Cambridge: Cam 
bridge U niversity  Press, 1986. Pp. x+306. ISBN 0 521 25893 6. £35.00.

Biotechnology of Marine Polysaccharides. Ed. by Rita R. Colwell, E. R. Pariser 
and A nthony  J. Sinskey. H em isphere Publishing Corp. : W ashington, 1985 (distributed 
by M cG raw H ill). Pp. xi+559. ISBN 0 89116 433 2. US $79 95.

Modern Methods of Food Analysis. Ed. by Kent K. Stewart and John R. W hitaker. 
W estp o rt, C onn.: A V I, 1984. Pp. xx+421. ISBN 0 87055 462 X. £58.25.

A Colour Atlas of Food Quality Control. By Jane P. Sutherland, Alan H. Varnam  and
M .G . Evans. London: W olfe, 1986. Pp. 272. ISBN 0 7234 0815 7. £75.00.

Ice Cream Making. By Jam es R. Rothwell. Reading: J. Rothwell, 1985. Pp. 102. ISBN 
0 7049 933 2. £3.35 inch p.& p. (obtainable from D r J. Rothwell, 68 Lowfield Road, 
C aversham  Park Village, R eading, Berks RG4 0PB).

Membrane Separations in Biotechnology. Ed. by W. Courtney M cGregor. New 
Y ork: M arcel D ekker, 1986. Pp. xx+386 ISBN 0 8247 7465 5. US $78.00.
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Food Additives: Taking the Lid off What We Really Eat. By Erik M illstone. 
H arm ondsw orth : Penguin. 1986. Pp. 163. 1SBN0 14 052369. £2.95.

Rheology of Wheat Products. Edited by H am ed Faridi. St Paul, M inn.: American 
A ssociation of C ereal Chem ists, 1985. Pp. vi+273. ISBN 0 913250 422. US $41.00.

Machinery Adhesives for Locking, Retaining and Sealing. By Girard S. Haviland.
New York: Marcel Dekker, 1986. Pp. xi+340. ISBN 0 8247 7467 1. US $71.50.

Principles of Cereal Science and Technology. By R. Carl Hoseney. St Paul, M inn.: 
A m erican  A ssociation of Cereal Chem ists, 1986. Pp. vii+327. ISBN 0 913250 43 0. US 
$46.95.
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