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A b s t r a c t

A t p resen t, the D u tch  fish industry  sells their w aste to  fish m eal p lan ts in 
G erm any and D enm ark  to be converted  into fish  m eal, pe t food and fish  oil. T his 
fac t does n o t take advan tage of the freshness and quality  o f  the fish by-products. A n 
attem pt o f  upgrad ing  by-products from  the m aatjes herring  production  into fish oil 
h as been m ade using a p ilo t p lan t w ith a hea t exchanger and a th ree-phase decanter. 
T h e  crude herring  oil ob ta ined  had an in itial perox ide  value, anisid ine value  and 
free  fatty  acids o f 3 m eq/kg  o f fat, 8.9 and 2.9% , respectively . E P A  and D H A  
po lyunsa tu rated  fatty acids w ere p resen t in considerab le  am ounts (99 and 91g/kg  
respectively). A fter processing , the FFA  con ten t rem ained  low  (< 3% ), even after 
35 days o f  sto rage at 50°C . U nfortunately , a t 50°C  the to tox value increases to 
u naccep tab le  levels. H ow ever, w hen the  crude oil is sto red  a t am bient tem perature 
in th e  dark  env ironm ent the characteristics o f the oil rem ain  stable. T his opens the 
possib ility  fo r fish  oil production  using sa lted  herring  by-products.

1. Introduction

T here  is a good  w orld  m arket dem and fo r high quality  fish  m eal and oil, and 
production  can  be qu ite  p ro fitab le  if  su itab le  raw  m ateria l is available. C lupeids 
(e.g. herring  and sprat) provide the la rgest sing le sou rce  o f raw  m aterial foi- 
production  o f  fish m eal and  oil. They m ay b e  classified  as fatty  although the fat 
con ten t m ay vary from  2%  to 30%  depending  on species and seasons (FA O , 1986; 
A ckm an , 1979). T h e  industry  should take care o f th e  by-products from  filleting, 
gu tting  and o th er fish p rocessing  operations because th ese  have proved to be a good 
raw  m aterial fo r fish m eal and oil production . S kâra and C ripps (1997) have found
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that by-p roducts from  farm ed salm on can be used to p ro d u ce  fish  oil o f a  quality  
that is w ell su ited  fo r hum an consum ption. B esides salm on, also by-p roducts from  
o ther fatty  fish  species as herring and m ackerel m ight be used  as a source  o f  raw 
m aterial. In the  N etherlands the main fatty fish species that is p rocessed  fo r hum an 
consum ption  is herring . T h e  am ount of by-products from  herring  th a t is p rocessed  
by the  th ree m ajo r com panies in the N etherlands is es tim ated  at abou t 15,400 
tons/year. A t p resen t, the D utch fish industry sells their by -p roducts to  fish  m eal 
p lants in  G erm any and  D enm ark. T he by-products are transported  to these  coun tries 
and then  converted  into fish m eal, fish oil and p e t food o f n o t so high quality  d u e  to 
long transpo rting  tim es. F or this reason it is better to p rocess the  herring  w aste near 
the sou rce  w here it is p roduced. If possible the fish by-products should  be held 
under ch illed  cond itions to m inim ise the effect o f  m icrobial and  enzym atic attack  on 
the fish  tissue. T h is  spo ilage is responsible for increased free  fatty  acid con ten ts and 
increased  ox ida tive  breakdow n by e.g. peroxidases.

T h e  m aatjes herring , a very popular p roduct in T h e  N etherlands, is produced  
m ainly from  fresh  herring  landed and gibbed in D enm ark  and  subsequen tly  lightly 
salted. P roduc tion  is also possib le from  herring frozen in blocks. G ibbing  is the 
rem oval o f gills, liver, heart, intestines, stom ach but no t the pyloric appendix . T he 
lightly  sa lted  herring  is transported  from  D enm ark to the N etherlands in barrels and 
after arrival it is sorted  and packed in sm aller buckets. A  b rine  is added  and the 
herring  is frozen  in o rder to kill the nem atodes and to p rese rve  the herring . L arge 
processo rs m ake m aatjes herring  fillets to b e  sold to reta ilers. In lightly  salted 
herring  th e  ripen ing  effect by the enzym es from  the py loric  appendix  is m ainly on 
the tex tu re  o f m aatjes herring  and not on the taste  and o d our o f the p roduct (Luten,
1997). A  flow  ch a rt o f  the  process is represented in figu re  1. T h e  by-products o f 
m aatjes herring  p rocessing  consists o f heads, fram es, sk in , and fins and  can be used 
fo r th e  recovery  o f  oil. T h e  total am ount o f m aatjes herring  by-products that is 
ava ilab le from  the  m ajor D utch com panies is approx im ate ly  2100  tons/year. 
H ow ever, these  by-p roducts had been treated w ith salt, w hich m ay affect the  quality 
o f th e  oil. O x idation  m ay be initiated and prom oted b y  several o rganic and 
inorgan ic  su b stan ce  like  e.g. Cu and Fe, often p resen t in sa lt (H uss, 1995).

In o rder to investiga te th e  possibility o f using  such sa lted  by-products as raw 
m aterial source  fo r fish  oil production, a  study has been m ade. T h e  study, using  a 
plant sca le  m ethod , aim ed at upgrading the herring by-products by the production  o f 
high quality  fish oil. T h is study has been carried ou t in co -opera tion  w ith A lfa  Laval 
and a  D u tch  herring  processor. This paper focuses on the  quality  ch an g e  during 
p rocessing  and sto rage  o f the oil from  m aatjes herring  by-products.
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F ig u re  1 -  M aatjes herring production scheme.
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2 . M a te r ia l s  a n d  m e th o d s

T h e  raw  m aterial used in this study w ere herring by-products f ro m  frozen  
herring  (C lupea harengus)  used fo r the m aatjes herring  production.

2.1 E q u ip m e n t

T h e  recovery  p rocess is schem atically  represented in figu re  2. In this 
experim ent, about 1000 kg  o f m aatjes herring  by-products (heads, fram es, skin, 
v iscera, etc.) was m inced (SAB, 49-033.2). Im m ediately, the m inced by-products 
w ere pum ped (m ono-pum p, SW  032, speed drive 50) and heated, using  an insu lated  
scraped-surface heat exchanger ind irectly  heated  by  steam  (95+1 °C , A lfa  Laval 
C ontherm ® ). T he heated  w aste suspension was separated  in a th ree p h ase  decan ter 
(A lfa Laval, N X  409S -11G ) into a solid  p hase  (called protein  phase), a  w a te r  phase 
(stickw ater) and lipid p hase  (oil). A ll equipm ent parts being exposed to  the  products 
w ere m ade o f stainless steel.

B y - p r o d u c ts
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F ig u re  2- Schem e o f  the fish oil plant with processing tim e and tem perature.

2 .2  S a m p le  d esig n

T h e recovered herring  oil (pooled  sam ple) was d ivided into th ree containers and 
exposed  to three d ifferen t storage environm ents:
-  room  tem perature, closed dark container, flushed  w ith nitrogen;
-  room  tem perature in a closed transparen t glass bottles p laced in fron t o f the
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w indow  during the m onths o f Ju ly  and A ugust 1999;
-  in  an oven  at 50°C  in a closed dark  containers.

T w o oil sam ples w ere  taken, a t regu lar intervals, from  each sto rage condition  
and  analysed for level o f oxidation  products. In o rder to  avoid fu rther ox idation , all 
th e  sam ples w ere kep t a t -80°C  freezer until being  analysed. P rio r to the analysis, 
the  oil sam ples w ere thaw ed at room  tem perature for 30 m inutes.

2 .3  A n a ly tic a l  m e th o d s

An

Toi

Fatty A cid  Composition

T h e fatty  acid m ethyl esters (FA M E s) w ere prepared  accord ing  to  A O C S 
O ffic ial m ethod  C e lb -89  and analysed w ith regard  to  the am ount o f con ten t o f 
ind iv idual fatty  acids. T hree  oil sam ples (n=3) have been  analysed once (a = l) . T he 
d iffe ren t F A M E s w ere separated  from  each, o ther w ith gas ch rom atography  (G C ) 
u sing  a F isons 8130 instrum ent, equ ipped  w ith an au to-sam pler (C arlo E rb a  A 200S) 
and  detec ted  with a flam e ionisation detec to r (FID). A  fused silica cap illary  colum n 
(0 .25  m m  i.d. x 50m ) coated  w ith CP Sil-88 fo r F A M E s (film  th ickness 0 .20 pm ), 
fro m  C hrom pack (M iddelburg, T h e  N etherlands) was used. T h e  ch rom atograph ic 
cond itions applied  were: colum n oven tem perature 190°C, in jection  port and 
de tec to r at 250°C ; sam ple size o f  0.1 p i, w ith a  split flow  o f 60 m l/m in. H eliu m  was 
used  as ca rrie r gas with an inlet p ressu re  o f 145 K Pa. F atty  acid  m ethyl esters w ere 
iden tified  by  com parison o f their reten tion  tim es w ith  those  o f ch rom atograph ic 
standards (from  A lltech  and Sigm a). Q uantification  was perform ed, using 
T urboC hrom  (version 4 .2) softw are (Perkin  E lm er), by  in tegrating  peaks on the 
ch rom atogram . R esults are expressed as g /kg o f  lipid.
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Free Fatty Acids

T h e  am ount o f free fatty  acids (FFA ) o f  the oil sam ples was determ ined  by 
titra tion  accord ing  the A O C S O fficial M ethod  Ca 5a-40  (n=2, a = l) . T h e  percen tage 
o f  F FA  w as calcu lated  as o leic acid. In ternal reference m aterials w ere analysed 
to g e th er w ith the  sam ples.

Peroxide Value (PV)

P erox ides value (PV ) w ere determ ined accord ing  to  the  official A O C S m ethod 
C d-8b-90  (n=2, a = l) . T h e  conten t is expressed  in term s o f  m eq o f peroxides per kg 
o f  lip id . In ternal reference m aterials w ere analysed together w ith  the sam ples.
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Anisidine Value

T h e  an isid ine value  o f the herring oil was carried  ou t accord ing  to A O C S 
offic ia l M ethod  C d 18-90 (n=2, a = l) .  In ternal reference m aterials w ere  analysed 
together w ith  the  sam ples.

Totox value (TV)

T V  w as calcu lated  according to  the form ula T V =2xP V  + A V. T h is  value has 
been  suggested  fo r the  assessm ent o f oxidation in oils (Idris et. al., 1992).

A ll reagents used  w ere  chem ical grade.

3. Results and discussion

T ab le  1 show s tha t the fatty  acid oil com position  has, as expected , a  high 
am ount o f m onounsatu rated  fatty  acids m ainly C 2 0 :l,  C 2 2 :l and also contains a 
high proportion  o f  o>3 po lyunsaturated  fatty acids, in particu lar th e  im portant 
C20:5 (EPA ) and C 22:6  (D H A ). It is know n that the  feed o f  the herring  is m ainly 
from  copepods (natural m arine Zooplankton) from  relatively  high la titudes w hich is 
rich in  th ese  fatty  acids (A ckm an, 1982; A ckm an, 1992; Sargent, 1995).

T ab le  1- Fatty  acid profile in oil from  m aatjes herring by-products.

Fatty acids (g/kg o f lipid)“
Saturated

Total 266 ± 16

Monoenes
Total 368 ± 2 9

Polyunsaturated
C20:5 99 ±  13
C22:6 91 ±  11
Total 277 ± 33

a M ean value ± SD, (n=3. a= l).

T h e  value o f F FA  in oil is an im portant quality  param eter. T h e  reason  is no t only 
b ecau se  usually  the  F FA  value is checked due to  contractual reasons (betw een the 
re ta ile r and  p u rchaser o f the oil) (FA O , 1986) bu t also b ecause the  FFA  are m ore 
su scep tib le  to ox idation  than esterified  fatty acids (Labuza, 1971; K insella et al., 
1978). T h e  results (figu re 3) show  tha t the am ount o f FFA  p resen t in the m aatjes 
herring  oil was low  (2 .9% ) and rem ain constan t during sto rage tim e fo r all the three
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differen t sto rage conditions. T his suggests that the hydrolysis o f the  oil did no t 
occur du ring  the sto rage period.

♦ -

 L ig h t
- *  D ark

5 0 C

20

Tim e (Days)

Figure 3- Free fatty acids of maatjes herring oil during storage.

T h e  hydroperox ides, p resen ted  by the perox ide value (PV ) are the  prim ary 
oxidation  products. T h e  PV  is an  ind icator o f the  first stage o f the ox idation  
process. T h e  am ount o f  hydroperoxides in  oil usually  increases in tim e to a certain  
m axim um  and decom poses rapidly  to the secondary  oxidation  products, lead ing  to a 
decrease o f  the PV . In the m aatjes oil, tw o peaks o f perox ide values are show n for 
the  cond itions 50°C  and  ligh t (figure 4). T his phenom ena can b e  caused  by two 
d ifferen t ox idation  reactions w ith d ifferen t speeds o r initiation  tim es (au toxidation  
and pho toox ida tion , respectively). It is know n tha t the oxidation o f unsaturated  
lipids is accelera ted  by  exposure to  light (Frankei, 1998). B oth reactions produce 
hydroperoxides. T h e  oil stored under dark and nitrogen  conditions is qu ite  stable. 
T he p ero x id e  value  in  th e  oil rem ains very low. T his fac t is som ehow  pecu lia r 
particu larly  taken into account that fish oil is rich in polyunsaturated  fatty  acids and 
consequently  very  p rone to  oxidation. A  possib le explanation  m ight be that this 
crude herring  oil has so m e natural antioxidants tha t are p ro tecting  against ox idation-.

U sually , the hydroperox ides are very unstable and decom pose into secondary  
oxidation  products: vo la tile  and non-volatile end-products. T h e  non-volatile  end- 
products (h igh-m olecu lar-w eigh t saturated and unsaturated  carbonyl com pounds in 
triacy lg lycero ls) can be m easured by the an isid ine v a lue  (AV ). T he A V  provides 
useful in form ation  re la ted  to com pounds form ed in oils during processing (Frankei,
1998) and in m any cases are associated  w ith the term  «oxidative rancidity» and are 
described as having ob jectionab le  off-odours and o ff-flavours (St. A ngelo , 1996).
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F ig u re  4- Peroxide value o f maatjes herring oil during storage.

T his type of deterio ration  can be serious in poorly  processed  oils con ta in ing  co-3 
po lyunsaturated  fatty  acids (Frankei, 1998). F igure 5 show s th e  an isid ine  values 
m easured in th e  oil stored over tim e. In the oil kep t at cond ition  50°C  the 
developm ent o f the secondary  oxidation products in itia te  w ith in  a few  days after 
storage, w hich p robab ly  m eans that the prim ary oxidation p roducts a re  decom posed  
to secondary  oxidation  products rapidly. T he tw o m axim a p re se n t fo r peroxide 
value a t 50°C  (figure 4) are also  observed in the an isid ine value  at 50°C  (figu re 5).
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F ig u re  5- A nisidine value o f maatjes herring oil during storage.
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In the oil sam ples stored under light conditions, only tw o sm all p eak s  a re  p resen t. 
Possib ly , a  term ination  reaction  is favoured  than a propagation  reac tion  under such 
conditions. T h ere  is hardly any change in  the A V  for the oil kep t a t dark  conditions. 
T h e  oil in  this situation is stable. T herefore, it m ight b e  co n c lu d ed  that h igh  
am ounts o f  ox idation  products are inh ibited  by a  lack o f oxygen and  light.

T h e  to tal ox idation  value, show n in figure 6, is a calculation  acco rd in g  to  A V  + 
2PV . T his to tox  value  is used as a  m easurem ent o f the p recu rso r non-vo latile  
carbonyls p resen t in p rocessed  oil p lus any further oxidation p ro d u cts  developed  
afte r storage. In the  presen t case , the conclusions taken are sim ilar to those  found  
from  the an isid ine value results.
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F ig u re  6- Totox value o f  maatjes herring oil during storage.

S um m arising, our results show n that it is possib le .to  p roduce.fish  oil from  salted 
(m aatjes) herring  by-products. T his oil, like the oils from  fatty fish species, contains 
a  h igh percen tage o f  the valuable po lyunsaturated  co-3 fatty  acids, m ain ly  E P A  and 
D H A . T h e  ox idation  values found reveal tha t the crude herring oil ob ta ined  has low  
in itia l values o f FFA , PV  and A V. O f course, th e  sto rage under cond itions like light 
and  at high tem peratu res should  be avoided. Fortunately , the oil is qu ie t s tab le  in 
tim e  when it w as kep t under dark  conditions, in the absence o f oxygen and a t 
am b ien t tem peratures. T his fac t show s tha t usage o f  m aatjes herring by-products 
m ig h t b e  very p rom ising  fo r fish oil production .
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