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Abstract

M icrobiological and  sensory changes o f  m aatjes herring stored  in a ir  (experim ent I) and  under m odified atm osphere  (M AP) 
(experim ents II an d  III) were evaluated  du rin g  storage a t  4 and 10 °C. M icrobial (to ta l an d  psychro trophic  viable bacteria , lactic acid 
bacteria  and  Enterobacteriaceae) c o u n ts  an d  chem ical analyses (chloride con ten t, fa t co n ten t, dry m atter, ash  an d  pH ) were perform ed. A 
Q uality  Index M eth o d  (Q IM ) schem e developed for m aatjes herring  was used for sensory  evaluation. T h e  m ain  reasons for sensory 
rejections a t bo th  s to rage  tem peratures were a strong  rancid taste  fo r herring  stored in  a ir (E xperim ent I) an d  a  sour, b itter, ro tten  taste 
and  an  aftertaste  like old flower w ater fo r M A P herring (Experim ents II and  III). A  so ft tex ture  o f  freshly p roduced  sam ples (E xperim ent 
II) was noticed. T he sensory shelf-life o f  m aatjes herring  stored  in a ir (E xperim ent I) was three days a t b o th  4 an d  10°C. T he M A P 
herring  in Experim ents II  and  III h ad  a shelf-life o f  5 and 6 days, respectively, a t  b o th  sto rage tem peratures. R ancid ity  due to  oxidation 
o f  fa t was the m ain  spoilage in d ica to r fo r  air-stored m aatjes herring. A uto ly tic  enzym es m ay affect tex tural de terio ra tion . The 
characteristic  o ff-odour and  off-taste  in the M A P  herring  (Experim ents II and  II I)  w ere m ay well be a ttrib u tab le  to m icrobial 
m etabolism . O n the day o f  sensory rejection, to ta l viable counts for herring  in  all th ree  experim ents (E xperim ents I—III) stored  a t 4  °C d 'd  
n o t reach 106cfu/g, w hich is considered  the lim it o f  acceptability  fo r m aatjes herring  given by the D u tch  fishery au thorities. I t  appears 
th a t to ta l viable coun ts have m in o r significance in the sensory assessm ent o f  m aatjes herring.
©  2006 Elsevier L td . All rights reserved.
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1. Introduction

M aatjes  h e rr in g , a  ligh tly  sa lted  read y -to -ea t fish 
p ro d u c t, is very  p o p u la r  in  th e  N e th e rlan d s . T he term  
“ m aa tje s” refers to  he rrin g  c a u g h t ju s t  befo re  its first 
sp aw n in g  betw een  M ay  an d  Ju ly  a n d  is ch arac te rized  by  a  
d is tin c t level o f  su b -cu tan eo u s  fa t o f  16 -20% . A fte r being 
cau g h t, the h e rr in g  is g ibbed  a n d  ligh tly  cured . T he 
rem ain ing  ap p end ices  p y lo ricae  p ro d u c e  try p tic  enzym es 
(P riebe, 1980; L u  ten , 1997), w h ich  s tim u la te  a  fe rm en ta tio n  
p rocess resu lting  in  typ ical m a a tje s  p ro d u c t characteristics. 
A fte r  b rin ing , th e  fish u n d erg o es  a  r ipen ing  period  u p  to  1 
d ay  befo re be in g  v a cu u m -p ack ag ed  a n d  s to red  frozen  u n til 
fu r th e r  use. F o r  re ta il, th e  p ro d u c t is thaw ed , filleted and
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so ld  loose  o r  pack ag ed  u n d e r  m od ified -a tm o sp h ere  and  
s to red  a t ch illed  tem pera tu res.

M odified  a tm osphere  packag ing  (M A P ) in com bination  
w ith  chilled sto rag e  offers th e  fish industry  an d  th e  consum er 
m an y  advan tages, such as extending  th e  shelf-life o f  the 
p roduc ts , longer tran sp o rt d istances o f  th e  p ro d u c t and 
reduced  financial losses (S tam m en e t al., 1990; F ä rb e r , 1991; 
R osnes e t al., 1997; Boknæs e t al., 2000). M A P  o f  fishery 
p ro d u c ts  includ ing  various a tm ospheres have been reviewed 
extensively a n d  sum m arized in  Sivertsvik e t al. (2002). In  the 
N etherlands, th e  consum ption  o f  M A P  m aatjes herring  rose 
from  22%  o f to ta l m aatjes herring  (unpackaged  an d  M A P) 
in  2001 to  2 7%  in  2003 (T em m inghof, 2004). H ow ever, to 
th e  a u th o rs ’ know ledge, there  is no  in fo rm ation  available 
ab o u t the m icrobiological an d  sensory quality  o f  m aatjes 
herring  s to red  u n d er modified atm osphere .
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M aatje s  h e rr in g  undergoes m a n y  p rocessing  stages th a t 
can  increase th e  risk  o f  m icrob ia l co n ta m in a tio n . S h o rt 
shelf-life is ex acerba ted  by  flu c tu a tin g  sto rag e  tem p era tu res  
d u rin g  thaw ing , tra n sp o rt a n d  sale. T o g e th e r w ith  th e  low  
sa lt co n cen tra tio n  o f  the fish p ro d u c t a n d  th e  fa c t th a t  it  is 
ea ten  w ith o u t fu r th e r heating , these aspec ts h igh ligh t the 
need fo r research  in to  m icro b io lo g ica l developm en t in 
m aa tje s  herring . V ery lim ited  w o rk  has been ca rried  o u t on  
investiga ting  m icrob io log ica l aspec ts d u rin g  sto rag e  o f 
these p roduc ts . W hen  s tudy ing  p ack ed  h e rrin g  (“ H eringsfi­
le t nach  M a tje sa r t” ) a t th e  re ta il level, N iep e r an d  
S tockem er (1995) de te rm ined  80%  o f  to ta l b ac te ria  co u n ts  
as L A B  a t  th e  end  o f  the shelf-life.

T h e  aim s o f  th is study  w ere (1) to  de term ine  the 
in itia l qua lity  o f  m aa tjes  h e rr in g  p ro d u ced  in  th e  N e th e r­
lan d s an d  (2) to  ch a rac te rize  th e  m icrob io log ica l and  
senso ry  changes o f  m aa tjes  h e rr in g  d u rin g  sto rag e  in  a ir 
an d  u n d e r m odified  a tm o sp h e re  a t 4  a n d  10 °C. T h e  p resen t 
p a p e r  can  be considered  as a  re la ted  p ap e r to  L yhs 
an d  Schelvis-Sm it (2005) fo cusing  o n  th e  deve lopm en t 
o f  a Q uality  Index  M eth o d  (Q IM ) schem e fo r m aatjes 
herring .

2. Material and methods

2.1. P roduct description

H errin g  ( Clupea harengus) w ere c a u g h t in  the  N o r th  Sea 
in  th e  N o rw eg ian  coasta l a re a  in  M a y -Ju n e  2002 a n d  2003. 
T h e  fish w ere s to red  in  ch illed  seaw a te r a b o a rd  the  vessel. 
A fte r delivery  to  sho re , th e  u n g u tte d  b u t d ecap ita ted  fish o f  
ca . 7 0 -80  g w ere cask  b rin ed  by  a  p ro cesso r in  N o rw ay  
resu ltin g  in a  N a C l co n c e n tra tio n  o f  2 .0%  (w /w ) in  the  
final p ro d u c t. A fte r a  r ipen ing  p ro cess  las ting  u p  to  1 day , 
th e  fish w ere v acu u m -p ack ag ed  (each  p ack ag e  consisting  o f  
17 kg  fish a n d  3 kg brine) an d  in  o rd e r  to  accelera te  the 
freezing  p rocess frozen  in  a  tu n n e l a t  a n  a ir  tem p e ra tu re  o f  
—4 0 °C . A fte r tr a n s p o r t  to  th e  N e th e rla n d s , th e  packages 
w ere s to red  a t  —25 °C. F o r  fu r th e r  p rocessing , th e  fish w ere 
th aw ed  fo r 24 h and  m ach ine  filleted  (F ie re t, B arneveld , th e  
N e th e rlan d s). F o r  p ack ag in g  th e  fish u n d e r m odified  
a tm o sp h ere , ind iv idual filleted  fish o f  ap p ro x im a te ly  75 g 
w ere p laced  a t  a  tim e in  a  p o ly p ro p y len e  tra y  using  a  
S ea lp ac  pack ag in g  m ach in e  (U ltra p a k , D ro n te n , th e  
N e th e rlan d s). T h e  no m in a l va lues o f  th e  app lied  m odified  
a tm o sp h e re  w ere 30%  C O 2  a n d  70%  N 2. T h e  p ro d u ce r 
dec la res  a  o n e  day  shelf-life fo r th e  u n p ack ed  herring . 
F o r  M A P  p ro d u c ts  a t th e  beg in n in g  o f  th e  season  
(M a y -Ju n e )  an d  a f te r  th e  seaso n  (Ju ly -A p ril) , th e  m a n u ­
fa c tu re r  declares a  shelf-life o f  3 d ays an d  5 days, 
respectively , a t  a  m ax im um  s to ra g e  te m p e ra tu re  o f  4 °C . 
T h e  sh o r te r  shelf-life in  th e  b eg in n in g  o f  the  season  is due  
to  th e  sh o r te r  p eriod  b e tw een  freezing  an d  processing . 
L o n g e r freezing  period  a f te r  th e  seaso n  reduces th e  h igh 
in itia l enzym atic  p rocess. T h is  in h ib its  the  overripen ing  o f  
th e  p ro d u c t.

2.2. S torage characteris tics a n d  sam pling

Im m ed ia te ly  a f te r  p ro cess in g , th e  u n p ack ed  a n d  M A P 
sam ples w ere t r a n s p o r te d  to  th e  la b o ra to ry  an d  s to red  a t 
e ither 4 o r  10 °C. T h ree  series o f  s to rag e  experim en ts (I—III) 
w ere carried  o u t in  N o v e m b e r 2002, F eb ru a ry  2003, and 
June  2003 respectively . T h e  fish o f  E xperim en ts I an d  II 
w ere c a u g h t in  M a y - J u n e  2002 an d  those  o f  E x p erim en t III 
in  M a y -Ju n e  2003. T h e  m aa tje s  h e rr in g  in  E x perim en t I 
w ere frozen  fo r 6 m o n th s  b e fo re  fu r th e r p rocessing  and 
then  s to red  in  a ir  fo r  18 days. In  E x perim en ts  II  a n d  III, 
th e  m aatjes  h e rr in g  w ere  frozen  fo r  9 m o n th s  a n d  6 days, 
respectively, a n d  th en  s to re d  u n d e r m odified  a tm osphere  
fo r up  to  28 days. In  o rd e r  to  im prove  th e  accuracy  o f  the 
g row th  cu rv e  m odels f o r  d iffe ren t b ac te ria , th e  sam pling  
w as co n tin u ed  fa r  b ey o n d  th e  shelf-life o f  th e  p ro d u c ts  
u n til th e  b a c te r ia  co u n ts  w ere believed to  h av e  reach ed  the 
m ax im um  s ta tio n a ry  levels. A t a p p ro p r ia te  in te rva ls  a t 
each sam p ling  tim e, tw o  packages fro m  each  sto rage  
te m p e ra tu re  w ere ta k e n  fo r m icrob io log ica l an d  sensory  
analyses, respectively . I t  is n o ted  th a t  p ara lle l analyses a t 
th e  sam e tim e o f  th e  sam p les o f  all th ree  ex perim en ts  could  
have im proved  th e  re liab ility  o f  th e  study ; how ever, this 
w as n o t poss ib le  d u e  to  lim ited  financial a n d  hu m an  
resources.

2.3. C hem ical analyses

C hem ical analyses w ere ca rr ied  o u t on  th ree  freshly 
p ro d u ced  m aa tje s  h e rr in g  fillets a t th e  beg inn ing  o f  each 
s to rag e  E x p erim en t (I—III), respectively . T h e  ch loride 
c o n ten t w as ti tra te d  acco rd in g  to  V o lh a rd ’s m e th o d  as 
described  by  K o lth o f f  a n d  S andell (1952). T h e  fa t co n ten t 
w as d e te rm in ed  grav im etrica lly  a fte r  ex trac tio n  follow ing 
th e  Bligh an d  D y e r p ro ced u re  (1959). D ry  m a tte r  a n d  ash 
w ere d e te rm in ed  using  m e th o d  IS W -A 034 (2001) a n d  ISW - 
A 105 (2002), respectively. T h e  p H  w as de te rm ined  from  the 
first h o m o g en a te  m ade  fo r  m icrob io log ica l analy sis by  a 
W T W -537 D ig ita l-p H -m ete r (W issenschaftliche-T ech- 
nische W e rk s tä tte n , W eilheim , G erm any).

2.4. H eadspace gas com position

T h ro u g h o u t the  s to rag e  p e rio d , the  h ead sp ace  gas 
co m p o s itio n  in  th e  m o d ified -a tm osphere  p ack ag es  was 
de te rm ined  a t e ach  sam pling  tim e in  du p lica te  using  an  
oxygen a n d  c a rb o n  d iox ide 1450 C  F o o d  P ack  G as 
A naly ser (Servom ex, Z oe te rm eer, th e  N e th e rlan d s). T he 
gas w as co llec ted  w ith  a sy ringe  a f te r  in tru s io n  in to  th e  top  
foil. C a lib ra tin g  w as done w ith  100%  c a rb o n  dioxide.

2.5. M icrobio log ica l analyses

A  10-g p o r t io n  o f  fish w as asep tica lly  w eighed in to  90 ml 
o f  0 .9%  N aC l (w /v) and 0 .1%  (w /v) p e p to n e  w a te r in  a 
s terile  p la s tic  bag , and th en  b lended  in  a S to m ach er 400
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L ab  B lender (S ew ard  M edical, L o n d o n , U K ) fo r 60 s. T e n ­
fo ld  se ria l d ilu tio n s  w ere used  fo r  m icrob io log ica l analyses.

T o ta l v iab le  co u n ts  (TV C) a n d  co u n ts  o f  H 2S -p roducers 
(H 2S) w ere p e rfo rm ed  in p o u r p la te s  w ith  iro n  a g a r  (IA ) 
(O x o id , B asingstoke , U K ) acco rd in g  to  th e  m e th o d  o f  the 
N o rd ic  C o m m itte e  on  F o o d  A nalysis (1994). P sychro- 
tro p h ic  v iab le  co u n ts  (PV C) w ere done  using  th e  sp read  
p la te  m e th o d  o n  L ong an d  H am m er’s m ed iu m  (L H ) 
m od ified  b y  V a n  Spreekens (1974) w ith  an  ad d itio n a l 1% 
w /v  N aC l. L ac tic  ac id  b a c te r ia  c o u n t (L A B ) w as d e te r­
m in ed  by th e  m e th o d  o f  the  N o rd ic  C om m ittee  o n  F o o d  
A nalysis (1991) using  M R S a g a r  (T ritiu m  M ik rob io log ie , 
V eldhoven , th e  N e th e rlan d s). T h e  n u m b er o f  E nterobac­
teriaceae  w as d e te rm in ed  by p o u r  p la tin g  in  V io le t R ed  Bile 
G lu co se  (V R B G ) ag a r (T ritium  M ik rob io log ie ) acco rd ing  
to  th e  m e th o d  o f  th e  N o rd ic  C om m ittee  on F o o d  A nalysis  
(1992).

A ll iro n  a g a r  p la te s  w ere co u n te d  a fte r 3 days’ a e ro b ic  
in c u b a tio n  a t  21 °C. PV C  a n d  L A B  p la tes w ere co u n ted  
a fte r  5 d ay s’ a e ro b ic  in cu b a tio n  a t  15 °C  an d  a fte r  5 -7  d ay s’ 
an a e ro b ic  in c u b a tio n  a t 21 °C  respectively. T yp ica l E n ter­
obacteriaceae  co lon ies w ere c o u n ted  a fte r  2 days’ ae rob ic  
in c u b a tio n  a t  30 °C.

2.6. Sensory  evaluation

F o r  senso ry  ev a lua tion  o f  th e  sam ples, a  Q IM  schem e 
deve loped  fo r  m aa tje s  h e rr in g  s to red  in  a ir  a n d  u n d e r 
m odified  a tm o sp h e re  (Lyhs a n d  Schelvis-Sm it, 2005) w as 
used . S am ples fro m  all th ree  s to rag e  experim en ts (I—III) 
w ere an a ly sed  by  a  sensory  p a n e l o f  five tra in ed  panellists. 
T h e  fo llow ing  a ttr ib u te s  a n d  th e ir  changes d u rin g  sto rag e  
tim e w ere assessed: ap p ea ran ce  o f  th e  sk in  side a n d  bone  
side, co lo u r o f  th e  b lood , o d o u r  (ran c id ity  a n d  o th e r) , ta s te  
(ran c id ity  a n d  o th e r) , a fte rta s te  a n d  tex tu re . In  each 
session , th e  p a n e l ev a lu a ted  tw o  sam ples p e r  sto rag e  
te m p e ra tu re  a n d  one  co n tro l sam ple  served in  ran d o m  
o rd e r . T h e  c o n tro l sam ple w as th aw ed  befo re  each  session. 
F o r  each  sam p le , one  fish w ith  one  fillet show ing  th e  skin  
side a n d  the  o th e r  the  bone  side w as p laced  on  a  p la te  on  
ice 10 m in  b e fo re  th e  e v a lu a tio n  a n d  k ep t a t  c o n s ta n t 
tem p e ra tu re . A ll assessm ents w ere  co n d u c ted  ind iv idually  
u n d e r  s ta n d a rd is e d  c o n d itio n s  w ith  as few in te rru p tio n s  as 
possib le . T h e  sam p les w ere c o d e d  w ith  a  ran d o m ized  th ree- 
d ig it co d e  u n re la te d  to  s to ra g e  te m p e ra tu re  an d  assessed 
u n d e r  d a y lig h t co n d itio n s u s in g  lam p s o f  > 5 0 0 0 K . A  
sam p le  w as deem ed  spo iled  if  a t  leas t th ree  judges 
co n sid e red  it  u n fit  fo r h u m an  co n su m p tio n .

2 .7. S ta tis tica l data  and grow th  curve analyses

T V C , P V C , co u n ts  o f  L A B  a n d  o f  E nterobacteriaceae  a t 
b o th  sto rag e  tem p e ra tu re s  w ere  analy sed  as a  fu n c tio n  o f  
s to ra g e  tim e. T h e  fo u r p a ra m e te r  G o m p ertz  fu n c tio n  
m o d e l a n d  ad d itio n a l q u an titie s  as g row th  ra te  (lo g 10 
c o u n t/d a y ) , lag -tim e  (days) a n d  tim e needed  to  reach  a 
specific b a c te r ia  c o u n t level w ere  analy sed  as described  in

L yhs e t al. (2001a). A  le a s t-sq u a re s  m e th o d  w as u sed  to 
estim ate  th e  p a ram e te r v a lu e s  fo r th e  m o d e l considered . T o  
reduce  ra n d o m  e rro r, m e a n  values o f  th e  m icrob io log ica l 
an d  sensory  d a ta  o b ta in e d  w ere used  fo r sam p les hav ing  
the  sam e sto rag e  tim e a n d  tem p e ra tu re .

3. Results

3.1. C hem ical analyses

T ab le  1 show s the d a ta  o f  th e  chem ical analyses a n d  the 
de te rm ined  p H  values o f  th e  freshly  p ro d u ced  m aatjes 
h e rr in g  a t  th e  beg inn ing  o f  each  s to rag e  exp erim en t (I—III). 
In  E x p erim en t I, final p H  values o f  6 .50 -6 .69  w ere 
m easu red  in  sam ples s to re d  a t 4 °C  an d  p H  values o f 
6 .90 -7 .04  in  sam ples s to re d  a t  10 °C. In  E x p erim en ts  II  and 
I I I , th e  p H  values w ere re la tiv e ly  stab le  d u rin g  th e  sto rage  
a t  b o th  s to rag e  te m p e ra tu re s  (d a ta  n o t show n).

3.2. H eadspace gas com position

In itia l C 0 2 co n c e n tra tio n s  in  E x perim en ts  I I  an d  II I  o f  
2 0 .1 -2 2 .1 %  a n d  1 5 .5 -1 7 .6 % , respectively , w ere m easu red . 
In itia lly  h ead sp ace  0 2 c o n c e n tra tio n s  w ere 0 .6 -1 .7 %  and  
1 .2 -5 .1%  in  E xperim en ts I I  a n d  II I , respectively . T h e  C 0 2 
co n cen tra tio n s  in  b o th  ex p e rim en ts  (II and  I I I )  increased  
an d  th e  0 2 c o n cen tra tio n s  decreased  th ro u g h o u t sto rage . 
In  E x p erim en t II , oxygen v a lu es  u p  to  6 .3%  w ere m easu red  
in  in d iv id u a l cases th r o u g h o u t sto rag e  tim e fo r  sam ples 
s to re d  a t  4 °C . In  E x p erim en t I I I , oxygen values u p  to  3 .0%  
w ere m easu red  fo r sam ples a t  b o th  sto rag e  tem p era tu res .

3.3. M icrobiological changes

In itia l co u n ts  w ere a b o u t IO4 co lony  fo rm in g  u n it  (cfu)/g 
in  freshly  p ro d u ced  u n p ack ag ed  h e rr in g  (E x p erim en t I) 
an d  103- 1 0 5c fu /g  in fresh ly  p ro d u ced  M A P  sam ples 
(E xperim en ts  II  an d  III) fo r  T V C  an d  P V C , respectively  
(T ab le  2). G ro w th  o f  T V C , P V C , L A B  an d  E nterobacter­
iaceae  is p re sen ted  as a fu n c tio n  o f  s to rag e  tim e a t  4  °C  in 
F igs. l a - d ,  respectively, a n d  a t  10 °C  in  F igs. 2 a -d , 
respectively . T h e  figures sh o w  th a t  th e  b ac te ria l coun ts

T a b le  1
C h em ica l a n a ly ses  o f  fresh ly p rod u ced  m aatjes herring fillets  (%  o n  a w et 
w eigh t b asis)

E xp erim en t A sh  (% ) F a t (% ) D r y  m atter  (% ) S alt (%  w /w ) PH

I 2 .4 15.8 66 .6 1.6 6 .34
1 2 .9 14.1 6 7 .4 1.9 6 .36
1 1.7 20.8 6 3 .6 0.9 6 .47

II 2 .2 16.1 6 5 .5 1.3 6.36
II 2 .6 12.8 68 .0 1.7 6.38
II 2 .5 13.2 68 .0 1.6 6 .47

III 3 .2 15.0 66 .8 2.3 6 .45
III 2 .7 11.8 68 .8 1.8 6.45
III 2 .7 11.4 69 .7 1.7 6.49



U. L yh s e t a!. /  F o o d  M ic ro b io lo g y  2 4  ( 2 0 0 7 )  5 0 8 -5 1 6 511

T a b le  2
M icro b io lo g ica l q u a lity  o f  fresh ly  p ro d u c ed  m aatjes herring fillets

B acterial gro u p s (c fu /g )a E xp erim en t I E xp erim en t II E xp erim en t III

T o ta l v iab le  co u n ts 1.0 X IO4—1.4 X IO4 4 .0  X IO3—3.9 X  10 s 1.6 X 104- 2 .2  X IO4
P sy ch ro trop h ic  v ia b le  co u n ts 1.2 X IO4—2.3 X IO4 3.8 X IO3—1.0 X 10 s 1.5 X 104- 4 .4  X IO4
F L S -p rod u cin g  b acteria  co u n ts < 1 0 2 < 1 0 2 <  IO2
L a ctic  acid  b acteria  co u n ts 2 .7  X IO2—1.5 X IO3 <  IO2—3.6  X  IO2 2 .0  X  103- 4 .7  X IO3
E n tero b a c ter ia cea e  co u n ts 2 .0  X  IO2—7-0 X  IO2 < 1 0 2- 3 . 6 x  IO2 2 .0  X  10 2—9.0  X  IO2

“M in im u m  an d  m a x im u m  b acteria l co u n ts.
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F ig . 1. (a ) T o ta l v iab le  c o u n ts  o f  m a a tjes  h errin g  stored  in  air. (b) P sy ch ro tro p h ic  b acteria  co u n ts  o f  m aatjes h errin g  stored  in air. (c) L a ctic  ac id  bacteria
c o u n ts  o f  m a a tjes  h errin g  sto red  in  a ir . (d ) E n tero b a c ter ia cea e  co u n ts  o f  m a a tjes  h errin g  s to red  in  air (fitted  m o d e l is in d ica ted  by a co n tin u o u s  f in e ___
for E xp erim en t I) an d  u n d er m o d ifie d  a tm o sp h ere  (d ash ed  lin e— , E xp erim en t II; d o tte d  l in e — , E xperim ent III) at 4 °C .

fo r  T V C , P V C  a n d  E nterobacteriaceae  o f  sam ples s to red  in 
a ir (E xperim en t I) a t  b o th  s to rag e  tem pera tu res  w ere 
h igher th a n  fo r  M A P  sam p les  (E x p erim en t II  an d  III) a t 
th e  end o f  sam pling . T ab le s  3 a -d  sh o w  th e  lag  phases,

g ro w th  ra te s  an d  m ax im um  g row th  fo r co u n ts  o f  T V C , 
P V C , Enterobacteriaceae  a n d  LA B  a t  b o th  tem p era tu res .

In  th e  “ C o d e  o f  H ygienic P rac tices” fo r re ta il tra d e  fish 
p ro d u c ts  in  th e  N eth erlan d s (1997), th e  m ax im u m  lim its
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F ig . 2 . (a) T o ta l v iab le  co u n ts  o f  m aatjes h err in g  stored  in  air. (b ) P sych ro trop h ic  v ia b le  co u n ts  o f  m aatjes herring sto red  in  air. (c) L a ctic  ac id  bacteria
co u n ts  o f  m aatjes herring sto red  in  air. (d ) E n tero b a c ter ia cea e  co u n ts  o f  m aatjes herring sto red  in  a ir  (fitted  m od el is  in d ica ted  b y  a  c o n tin u o u s  l i n e __
fo r  E xp erim en t I) and u n d er m od ified  a tm o sp h er e  (d ash ed  l in e - - - ,  E xp erim en t II; d o tted  l in e . . . . ,  E xp erim en t III) a t  1 0 °C .

fo r  accep tab ility  fo r u n p a c k e d  a n d  M A P  m aa tje s  he rrin g  
a re  dec la red  w ith  T V C  106c fu /g , P V C  5 x  105cfu /g  and  
E nterobacteriaceae  co u n ts  104 c fu /g . T h e  tim es to  reach  the 
lim it levels o f  b ac te ria  co u n ts  a c co rd in g  to  th e  “ C o d e  o f  
H yg ien ic  P rac tices” fo r m a a tje s  h e rr in g  s to re d  in  a ir 
(E x p erim en t I) and  u n d e r m o d ified -a tm o sp h ere  (E xperi­
m en ts  II  a n d  III) a t  4  an d  10 °C  a re  sum m arized  in  T ab le  4.

3.4. Sensory  changes

F resh ly  p ro d u ced  m aa tje s  h e rr in g  w as described  by  the 
pane llis ts  as hav ing  firm  te x tu re  w ith  a go o d  b ite, a  fresh  
an d  m arin e  o d o u r an d  a  lig h t sa lty , m a rin e  ta s te  b o th  
o d o u r  an d  ta s te  w ith o u t any  signs o f  ranc id ity . T h e  co lou r 
o f  th e  b lood  w as fresh  red . T h e  sk in  side o f  th e  fish w as 
w hite-silver, ligh t b row n  a n d  sh iny  a n d  th e  b o n e  side 
c ream y-w h ite , c lear an d  shiny.

T h e  sam ples s to re d  in  a ir (E x p erim en t I) w ere rejected  on  
the  basis o f  th e  deve lopm en t o f  a  s tro n g  rancid  tas te . A t the 
tim e o f  re jec tion , th e  taste  o f  th e  M A P  fish (II) was 
described  as so u r , b it te r  and co m p a re d  w ith  w et c a r to n  and 
ro tte n  egg. T h e  a fte rta s te  w as e v a lu a ted  as b itte r , sour, 
sa lty , like o ld  flow er w ater. F u rth e rm o re , a  very  soft 
tex tu re  even o f  th e  freshly p ro d u c e d  sam ples w as no ticed . 
Im p o r ta n t senso ry  p ro p ertie s  o f  th e  M A P  herrin g  (I II)  for 
th e  ju d g m e n t o f  unfitness fo r  h u m a n  co n su m p tio n  were 
ta s te  an d  a fte rta s te , as described in  E x p erim en t II , b u t also 
ranc id ity . T h e  senso ry  shelf-life o f  th e  m aatjes  herring  
s to red  in  a ir  (E x p erim en t I) w as th ree  days a t b o th  4  and 
10°C . T h e  M A P  herrin g  in E x p erim en ts  II  an d  II I  h ad  a 
shelf-life o f  5 a n d  6 days, respectively , a t b o th  sto rage  
tem p era tu res . T ab le  5 show s th e  b ac te ria l levels o f  T V C , 
PV C , L A B  a n d  Enterobacteriaceae  a t  th e  tim e o f  sensorial 
re jec tion  fo r  sam p les stored in  a ir  (E x p erim en t I) an d  u n d er
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T a b le  3

E xp erim en t S torage tem p eratu re (°C ) G r o w th  ra te  L a g  tim e M a x im u m  g ro w th  (d ays)

( a )  G row th  ra te , la g  tim e  a n d  a s y m p to tic  m ax im u m  o f  to ta l  v iab le  cou n ts ( T V C )  using th e G o m p er tz  fu n c tio n  f o r  m a a tje s  h errin g  s to r e d  s to r e d  in a ir  
( E x p er im en t I )  a n d  u nder m odified -a tm osph ere  ( E x p er im en ts  I I  a n d  I I I )  a t  4  a n d  10 °C
I 4 0 .48 2 .89 13
I 10 0 .98 1.42 6
II 4 0 .4 0 5 .10 15
II 10 0.70 1.66 9
III 4 0.18 4 .1 0 25
III 10 0.58 1.72 8

( b )  G row th  ra te , lag  tim e  a n d  a s y m p to tic  m ax im u m  o f  to ta l p sych ro tro p h ic  b a c te r ia  cou n ts ( P V C )  using th e G o m p e r tz  fu n c tio n  f o r  m a a tje s  h erring  s to r e d  in
a ir ( E x p er im en t I )  a n d  under m od ified -a tm osph ere ( E x p er im en ts  I I  a n d  I I I )  a t  4  a n d  10 °C
I 4 0.80 1.71 8
I 10 1.68 0 .97 4
II 4 0.53 3.61 11
II 10 1.31 1.23 4
III 4 2.71 3.84 5
III 10 1.76 3.13 5

( c )  G row th  ra te , la g  tim e  a n d  a s y m p to tic  m ax im u m  o f  la c tic  a c id  b a c te r ia  cou n ts  ( L A B )  using th e G o m p e r tz  fu n c tio n  f o r  m a a tje s  h erring  s to r e d  in air 
(E x p er im en t I )  a n d  u n der  m od ified -a tm osph ere  (E x p e r im e n ts  I I  a n d  I I I )  a t 4  a n d  10" C
I 4 0 .38 N E a 17
I 10 0 .85 N E a 7
II 4 0 .6 5 3 .76 12
II 10 1.21 1.01 6
III 4 0 .3 4 0 .3 4 16
III 10 0 .69 0 .9 0 8

(  d )  G row th  ra te , lag  lim e  a n d  a s y m p to tic  m ax im u m  o f  E n tero b a c ter ia cea e  cou n ts  using th e G o m p er tz  fu n c tio n  f o r  m a a tje s  h erring s to r e d  in a ir  (  E x p er im en t I )  
an d  under m od ified -a tm o sp h ere  ( E x p er im en ts  I I  a n d  I I I )  a t  4 a n d  10  °C
I 4 0 .67 2 .76 11
I 10 1.43 5.80 1
II 4 0 .5 4 7.33 13
II 10 0 .8 4 1.85 8
III 4 1.22 1.22 7
III 10 0.67 1.58 5

aN E , n o t  es tim a ted . D u e  to  very sh o r t  lag -p h ase , th e  G o m p er tz  fu n c tio n  fa iled  to  m o d e l la g  tim e.

T a b le  4
T im e  to  reach  th e  lim it levels o f  b acteria  co u n ts  (G e se tza) fo r  m aatjes h errin g  stored  in a ir  (E xp erim en t I) an d  u n d er  m o d ified -a tm o sp h ere  (E xp erim en ts II 
an d  III) at 4  an d  1 0 °C

E xp erim en t S to ra g e  tem p eratu re (°C ) T im e to  reach  lim it lev e ls  (d ays)

T o ta l v ia b le  co u n ts T o ta l p sy ch ro tro p h ic  b acteria  co u n ts E n terob acter iaceae cou n ts

I 4 6.6 3.8 4 .8
I 10 3.4 1.8 2 .5

11 4 11.2 7.5 10.7
II 10 4 .9 2 .7 3.6

III 4 16.1 4 .3 N D b
III 10 5.2 3.7 3.8

aG u id e lin es , to ta l v ia b le  cou n ts  106 c fu /g , to ta l p sy ch ro tro p h ic  b acteria  co u n ts  5 x  105 C F U /g , E n terob acter iaceae co u n ts  104 cfu /g . 
bN D ,  n o t  d eterm in ed  b ecau se b acteria  c o u n t 104 c fu /g  w as n o t  reached.

m odified  a tm o sp h e re  (E x p erim en ts  II  a n d  III)  a t  b o th  
s to rag e  tem p e ra tu re s .

4. Discussion

T h e  f a t  co n ten ts  d e te rm in ed  in  th e  freshly  p ro d u ced  
m aa tje s  h e rr in g s  show ed a  re latively  w ide v a ria tio n

(T ab le  1). In  th e  N e th e rlan d s , a t  least 16%  fa t is p rescribed  
in  th e  w ho le  fish. In  the p re se n t study , in  on ly  tw o  sam ples 
o u t o f  n ine  th e  requ ired  fa t c o n te n t w as m easu red . M o s t o f  
th e  fa t is lo ca ted  in  the belly  o f  the  fish, b u t in  th is  s tu d y  the 
fa t co n ten t w as determ ined  in  th e  fillets, th u s  re su ltin g  in an 
ap p a re n tly  low er level. T h e  m easu red  sa lt co n cen tra tio n  
varied  fro m  0 .9%  to 2 .3 % . O ver th e  la s t few  years in the
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T ab le  5
S h e lf-life  o f  m aatjes h errin g  in  air (E xp erim en t I) an d  u n d er m od ified  a tm o sp h er e  (E xp erim en ts  II an d  III) s to r e d  at 4  an d  10 °C , estim ated  b y  sen sory  
an alyses in  re la tio n  to  th e  b acteria l co u n ts  at th e  en d  o f  sh e lf-life

E xp erim en t S torage
tem p eratu re  (°C )

S helf-life
(d ays)

B acteria l co u n ts  (cfu /g ) a t  th e  en d  o f  sh e lf-life

T o ta l v iab le  
cou n ts“

T o ta l
p sych ro trop h ic  
b acteria  co u n ts

H 2S -produ cin g  
b acteria  cou n ts

L actic  acid  
b acteria  cou n ts

E n tero b a c ter ia cea e
co u n ts

4 3 IO4 IO5-I O 6 <  IO2 IO3- IO4 <  10 2— 102
10 3 106-1 0 7 IO6-I O 7 < 1 0 2 IO4-IO 6 IO3-I O 6

4 5 IO3 IO3-IO 4 < 1 0 2 IO2-IO 3 A o \ o Ul

10 5 105- 1 0 6 IO7 <  IO2 IO6 IO4- 10s

4 6 104- 1 0 5 IO7 <  IO2 IO4 IO3
10 6 IO6 IO7 < 1 0 2 IO6 10s- IO6

“M in im u m  an d  m a x im u m  bacteria l co u n ts.

N eth e rlan d s , th e  ap p lied  sa lt co n cen tra tio n  has changed  
from  heavily  sa lted  h e rr in g  to  c u rre n t low  sa lt co n cen tra ­
tions o f  only  2 % . N everthe less, th e  p re sen t p ro d u c ts  can  
still be reg a rd ed  as m aa tje s  he rrin g . I t  is w o rth  n o tin g  th a t  
th e  guid ing  p rincip les in G e rm a n y  (L eitsä tze  fü r F ische, 
K reb s- un d  W eich tie re  u n d  E rzeugn isse  d a rau s , 2003) 
d ic ta te  a fa t c o n te n t o f  a t le a s t 12% . A lso , if  th e  fish is so ld  
to  consum ers as m aa tje s  h e rr in g , salt co n cen tra tio n  m u s t 
be  betw een a  m in im u m  o f  6%  a n d  a  m ax im um  o f  20%  (so- 
called  m ildly sa ltin g  p rocess) in  th e  fish tissue w ater. A  
sim ilar h errin g -b ased  p ro d u c t ava ilab le  on  th e  G erm an  
re ta il m a rk e t is m ad e  fro m  h e rr in g  fillets, w ith  a fa t  co n ten t 
o f  a t  least 10% , acco rd in g  to  a  special p rocess invo lv ing  
edible acids a n d  o th e r  ing red ien ts. T h is p ro d u c t is called  
“ H eringsfilet n ach  M a tje sa r t”  o r  “ H eringsfilet, n ach  
M a tje sa r t gesa lzen” (m aatjes-lik e  h e rr in g /h e rrin g  à  la 
m aatjes).

T o  the a u th o r s ’ k now ledge , n o  stud ies have  been 
pub lished  on  th e  in itia l b a c te ria l co u n ts  o f  freshly 
p ro d u ced  m aa tje s  he rrin g  fillets. H ow ever, th e  in itia l 
co u n ts  o b ta in ed  in  th e  p re se n t s tu d y  a re  in  ag reem en t w ith  
p rev ious stud ies re p o r tin g  in itia l T V C  betw een  IO3 an d  
105cfu /g  fo r d iffe ren t p ack ag ed  (Ö zogul e t al., 2000; 
F ra n z e tti e t al., 2001) a n d  u n p a c k a g e d  (T a liad o u ro u  
e t al., 2003; C h y tiri e t a l., 2004) n o t-h e a t- trea ted  fish 
p ro d u c ts  o th e r  th a n  m aa tje s  h e rr in g . In  c o n tra s t, L yhs e t 
al. (2001a) fo u n d  T V C  b e lo w  102- 1 0 3cfu /g  fo r freshly 
p ro d u ced  v a cu u m -p ack ag ed  ‘g ra v a d ’ ra in b o w  tro u t. H ig h ­
e r in itia l b ac te ria l c o u n ts  as fo u n d  in the  p resen t study  a re  
m o s t p ro b ab ly  a sso c ia ted  w ith  c ro ss-co n tam in a tio n  o f  the 
fish du rin g  th e  filleting  p ro cess  inc lud ing  d ifferen t sou rces 
like h ouse  ae ro b ic  m ic ro flo ra , u sed  u tensils an d  th e  
p ersonne l (T a lia d o u ro u  e t a l., 2003; C hy tiri e t al., 2004).

In  the  m easu rem en t II  a n d  II I , th e  m easu red  in itia l 
co n cen tra tio n  o f  C 0 2 w as 2 0 .1 -2 2 .1 %  a n d  15 .5 -17 .6% , 
respectively. T h is  is low er th a n  th e  n o m in a l value o f  the 
app lied  m odified  a tm o sp h e re  in  the  p ack ag e  a t  p rocessing  
tim e. A  ra p id  decrease  o f  th e  C 0 2 co n cen tra tio n  s ta r ts  
im m edia te ly  a f te r  c lo s ing  o f  th e  pack ag e  a n d  is due  to  C 0 2 
a b so rp tio n  in  th e  h e rr in g  flesh (R o sn es  e t a l ,  1997; E m b o rg

e t al., 2002). In  o u r case , there  have  been a  few  hou rs  
be tw een  p ack ag in g  the fish  a n d  m easu rin g  th e  C 0 2 
co n c e n tra tio n , w h ich  ex p la in s  th e  low er values. A n o th e r 
p o ten tia l ex p lan a tio n  is th e  leakage  o f  th e  p ackages; if 
p re sen t, th a t  w o u ld  c o n tr ib u te  to  th e  change o f  th e  gas 
com p o sitio n .

R an c id ity  resu lting  fro m  th e  o x id a tio n  o f  fa t is th e  m ajo r 
spo ilage  in d ic a to r  fo r a ir -s to re d  m aa tje s  h e rr in g  lead in g  to 
senso ry  re jec tion . A lth o u g h  the  sam ples in  E x p erim en t III 
w ere pack ag ed  in  M A P , ran c id ity  w as one  o f  th e  m ain  
changes d u rin g  sto rage . H o w ever, headspace  gas co m p o s i­
tio n  an a ly s is  in d ica tes  th a t leakage m ig h t have o ccu rred  in 
the  p ack ag e  d u rin g  sto rag e  resu lting  in  fa t o x id a tio n  o f  the 
fish.

A t th e  d ay  o f  sensory  re jec tion , T V C  fo r h e rr in g  in  all 
th ree  ex perim en ts  (I—III) s to re d  a t  4 ° C  d id  n o t  reach 
106c fu /g , w h ich  is considered  as th e  lim it o f  accep tab ility  
fo r  m aa tje s  h e rr in g  given by  the  D u tc h  fishery a u th o ritie s  
(1997). D iscrepancies betw een  sensory  an d  m icrob io log ical 
d a ta  h a s  b een  rep o rted  by  M ag n ú sso n  an d  T ra u s ta d ó tt ir  
(1982); L ero i e t al. (1998) an d  T ru e ls tru p  H a n se n  e t al. 
(1995, 1998) in  v acu u m -p ack ag ed  co ld -sm oked  fish p ro ­
d u c ts . In  these  studies fish w ith  h igh  m icrob io log ica l 
n u m b e rs  w ere n o t  alw ays spo iled . In  c o n tra s t, S c o tt e t al. 
(1984) ob serv ed  w ith  increasing  T V C  a  decrease o f  sensory  
scores fo r  m od ified  a tm o sp h ere - an d  v acuum -packaged  
u n tre a te d  sn a p p e r  fillets; L yhs e t al. (2001a) ob serv ed  the 
sam e fo r  vacu u m -p ack ag ed  ‘g ra v a d ’ ra in b o w  tro u t. In 
E x p e rim en ts  II an d  I I I  o f  th e  p resen t study , the  h e rr in g  was 
rejected  ow ing  to  ch a rac te ris tic  o ff-taste . In  a d d itio n  a  very 
so f t te x tu re  w as n o ticed  in  E x p e rim en t II. I t  is k n o w n  th a t 
au to ly tic  enzym es from  the fish tissue have  a  m a jo r  im pact 
o n  te x tu ra l d e te r io ra tio n  an d  the re fo re  o n  spoilage 
(T ru e ls tru p  H an sen  e t a l., 1996, 1998). E ndo g en o u s 
in te s tin a l p ro teases , released fro m  p a r ts  o f  v iscera  left in 
th e  he rrin g , cau se  th e  hydrolysis o f  m uscle p ro te in s , thus 
c rea tin g  a  so fte r tex tu re  (N ielsen  an d  B orresen , 1997). In 
ch illed  h e rr in g , enzym atic changes m ay  p recede  and  
p re d o m in a te  b ac te ria l spoilage (H uss, 1995). H ow ever, 
th e  d ev e lo p m en t o f  o ff-odours a n d  off-flavours is m ain ly  a
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resu lt o f  m icrob io log ica l ac tiv ity  (P a lu d an -M iille r e t al., 
1998; D o n d e ro  e t al., 2004). In  th is s tu d y , th e  he rrin g  w ere 
decap ita ted  b u t u n g u tted  a n d  s tro n g  in testina l enzym es 
p ro b ab ly  cau sed  th e  so ft te x tu re  since they  a re  n o t 
inac tiva ted  by  h e a t du rin g  p rocessing  o r  befo re  co n su m p ­
tion . T h e  sou r, b it te r  an d  ro tte n  o ff-ta s te  described  by  the  
sensory  pane l p ro b ab ly  re su lts  fro m  m icro b ia l m etabolism . 
In  th is s tu d y , th ere  w as n o  d ifference  in  th e  tim e o f  sensory  
rejection  betw een  b o th  s to rag e  tem p era tu res . T em p era tu re  
co n tro ls  the  ra te  o f  b o th  en zy m a tic  an d  b ac te ria l spoilage. 
T h u s, fo r sam p les s to red  a t 1 0 °C , the  occurrence  o f  b o th  
enzym atic  an d  b ac te ria l sp o ilag e  can  be  suggested.

L actic  ac id  b ac te ria  (L A B ) w ere  fo u n d  to  be  p a r t  o f  the 
m icrob ia l p o p u la tio n  a t th e  tim e o f  senso ry  rejec tion  in 
sam ples o f  a ll experim en ts (I—III)  a t b o th  sto rage  
tem p era tu res . T h e  occu rrence  o f  L A B  in  h igh n um bers  in 
M A P  fish p ro d u c ts  a fte r  a  few  w eeks’ sto rag e  a t chilled 
tem p era tu res  h a s  also been re p o r te d  p rev iously  (S tenström , 
1985; N iep e r a n d  S tockem er, 1995; H o n g  e t al., 1996; 
E m b o rg  e t al., 2002; F ra n z e tti e t al., 2001). T he co u n ts  in 
E x perim en t I a re  h igher th a n  in  o th e r  stud ies  dealing  w ith  
u n tre a te d  fish p ro d u c ts  s to re d  in  a ir. M o lin  an d  S tenström  
(1984) an d  M o lin  e t al. (1983) rep o rted  findings betw een 
< 1 0 2 an d  103 cfu /g  in h e rr in g  fillets. H ow ever, K o u tso u - 
m an is e t al. (1999) de te rm in ed  L A B  c o u n ts  in  M ed ite rra ­
n ean  G ilt-h ead  Sea B ream  s to re d  a t  8 an d  15 °C  o f  IO4 and  
106 cfu/g , respectively. LA B  u su a lly  d o  n o t d o m in a te  in  the 
m icro flo ra  o f  th e  raw  m a te ria l, an d  only  ce rta in  species 
h av e  been fo und  in  fish fro m  tem p e ra te  an d  co ld  m arine  
w aters an d  th e ir  su rro u n d in g  e n v iro n m e n t (G onzález  e t al., 
2000; R in g o  e t al., 2000). I t  c o u ld  be specu la ted  th a t lactic 
ac id  b ac te ria l s tra in s  th r iv in g  in  th e  p rocessing  e n v iro n ­
m en t co n ta m in a te  th e  m aa tje s  h e rr in g  a fte r  th aw in g  d u rin g  
fu r th e r  processing . T he ex p o su re  o f  fish p ro d u c ts  to  in- 
house  flo ra  d u rin g  several p rocessing  steps has  been 
suggested  earlie r (K rü g er, 1973; L yhs e t al., 2001b; 
B agge-R avn  e t al., 2003).

In  a ll experim en ts (I—II I )  in  h e rr in g  s to red  a t  4 °C , 
E nterobacteriaceae  did  n o t exceed  th e  lim it given b y  th e  
D u tch  fishery au th o ritie s  ( < 1 0 4 cfu /g) a t  th e  tim e o f  
sensory  rejection . In  th e  p re s e n t study , C 0 2 co n cen tra tio n s  
o f  4 0 -6 0 %  w ere m easu red  a t  th e  end o f  th e  sto rage  
h ead sp ace  in  th e  m o d ified -a tm o sp h ere  p ackages (E xperi­
m en ts  II an d  III). P rev ious s tu d ies  in c lu d in g  several M A P  
fish p ro d u c ts  show ed th a t  C 0 2 c o n cen tra tio n s  o f  20% , 
40%  an d  u n d e r 100%  in h ib ite d  E nterobacteriaceae  (S ten ­
s trö m  1985; L opez-G alvez  e t a l., 1998; D e  L a H o z  e t al., 
2000; A ra sh isa r e t al., 2004). T h is  is a  possib le  reason  fo r 
th e  low  n u m b ers  in  m aa tje s  h e rr in g  fo u n d  in th e  p resen t 
study.

T he to ta l absence  o f  H 2S -p ro d u c in g  b ac te ria  in  all th ree  
experim en ts (I—III)  w as u n ex p ec ted . H 2S -p ro d u c in g  b ac ­
te r ia  a re  k n o w n  as spo ilage b a c te r ia  in  aerob ica lly  s to red  
a n d  in M A P  fish a t chilled te m p e ra tu re s  (D a lg a a rd  e t al., 
1993; R osnes e t al., 1997; K o u tso u m a n is  e t al., 1999; 
S v e in sd ô ttir  e t al., 2002). H 2S -p ro d u c in g  b ac te ria  a re  
favou red  by a  low  0 2 level, b u t  in h ib ited  in env ironm en ts

w ith  h ig h  o r  in c rea s in g  C 0 2 levels as in  M A P  o r  vacuum - 
p ack ag in g  (Jo rg en sen  e t al., 1988; L yhs e t al., 2001a; 
R osnes e t a l., 1997). I n  v acu u m -p ack ag ed  ‘g ra v a d ’ ra inbow  
tro u t, H 2S -p ro d u c in g  b ac te ria  co n stitu ted  a la rge  p ro p o r­
tio n  o f  th e  P V C  a t  th e  tim e o f  spoilage. H ow ever, s tudying  
th e  effect o f  sm oke a n d  salt on  th e  m icro flo ra  o f  vacuum - 
packaged  c o ld -sm o k ed  sa lm o n , L ero i e t al. (2000) repo rted  
th a t  sa lt p ro d u ced  a  s tro n g  lin ea r in h ib itio n  on  H 2S- 
p ro d u c in g  b ac te ria . T h e  sa lt u sed  in  th e  p rocessing  o f  
m aa tjes  h e rr in g  m ig h t have  in fluenced these b ac te ria  by 
sup p ressin g  th e ir  g row th .
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