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Abstract 


An  increasing  average  age  in  the  western  world  has  resulted  in  higher  prevalence  of  hypertension 
 among the population. Traditionally problems with hypertension is alleviated by synthetic inhibitors 
 of the angiotensin-I converting enzyme (ACE). However various side effects have been connected to 
 these products. Hence natural occurring ACE inhibition from small peptides is desirable for functional 
 foods.  


Present study investigates four hydrolysates of animal origin HPP11, HBG, HPG1.1 and HPL, for their 
 overall  potential  as  agents  for  functional  foods,  by  applying  them  into  four  different  meat  products 
 from the Danish cuisine covering several preparation methods. 


By assaying the ability of meat hydrolysates to inhibit ACE activity both as pure hydrolysates and as a 
 part of a meat product containing 8 % hydrolysate, it was revealed that the hydrolysates was capable 
 of inhibiting ACE. Both in pure form and as food additive in one of the four products.  


Flavoring  properties  of meat hydrolysates  when used  as  additives in  functional meat  products,  was 
 assessed by a descriptive analysis by a trained panel, as well as a regular Danish consumers (n=170). 


The products’ containing the hydrolysates was rated with prominent bitter and off modalities by the 
 trained  panel,  when  compared  with  their  respective  reference  product.  However,  when  the 
 hydrolysates is added to liver pate or wiener sausages, they are not perceived as significantly different 
 by the consumers (n=170).  


The  attitude  towards  functional  meat  products  of  Danish  consumers  was  investigated  by  analyzing 
 data  from  two  questionnaire  surveys  (n=1499  and  n=157).  The  Danish  consumers  have  a  notable 
 tendency, which divides them into three groups: i) The health  and environmental concerned,  which 
 see themselves as healthy. ii) Consumers who to some extend accept additives and show interest in 
 functional foods and iii) Consumers who compromise on taste for health and believe functional foods 
 are  healthy.  Here  the  key  finding  is  that  forty  percent  of  the  Danish  consumers  are  willing  to 
 compromise on taste for health if they can feel that the functional product has a beneficial effect. 


When evaluating the meat hydrolysates as food additives for functional foods  according to the EFSA 
procedure,  the  possibility  of  receiving  a  health  claim  on  the  basis  of  present  evidence,  it  is  not 
adequate to establish a health claim. 
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Resume 


En  stigende  gennemsnitsalder i  den  vestlige  verden  har  resulteret i  en højere  forekomst af  forhøjet 
 blodtryk blandt befolkningen. Almindeligt er forhøjet blodtryk afhjulpet af syntetiske inhibitorer rettet 
 imod det angiotensin-I konverterende enzym (ACE). Desværre er disse produkter forbundet med en 
 række  bivirkninger,  hvorfor  naturligt  forekommende  ACE-hæmmere  er  blevet  aktuelle  som 
 ingrediener til funktionelle fødevarer. 


Dette speciale undersøger de fire hydrolysater HPP11, HBG, HPG1.1 og HPL, der alle er af  animalsk 
 oprindelse.  Herved  vil  hydrolysaternes  potentiale  som  bioaktive  komponenter  til  funktionelle 
 fødevarer  undersøges  ved  at  afprøve  dem  i  fire  forskellige  traditionelle  danske  kødprodukter,  der 
 tilsammen  omfatter  adskillige  tilberedningsmetoder.  Hydrolysaternes  evne  til  at  inhibere  ACE-
 aktiviten, blev undersøgt som både rent hydrolysat og tilsat i fire forskellige kødprodukter, svarende 
 til 8 % af den totale masse. Det blev fundet, at hydrolysaterne er i stand til at inhibere ACE både som 
 rent hydrolysat eller som et tilsætningsstof i et af de fire produkter.   


Hydrolysaternes smagsgivende egenskaber er undersøgt ved hjælp af en deskriptiv analyse udført af 
 et trænet panel, såvel som af danske forbrugere (n = 170). Resultaterne fra den deskriptive analyse, at 
 produkter  indeholdende  hydrolysat  havde  en  bitter  samt  afvigende  smag  sammenlignet  med  deres 
 respektive referenceprodukt. De danske forbrugere opfattede dog ikke leverpostej eller wiener pølser 
 med tilsat hydrolysat som markant anderledes i forhold til reference produkterne (n = 170). 


De danske forbrugeres holdning til funktionelle kødprodukter blev undersøgt ved at analysere data fra 
 to  spørgeskemaundersøgelser  (n  =  1499  og  n  =  157).  Hvorved  det  blev  bestemt  at  de  danske 
 forbrugere kan inddeles i tre grupper: i) Forbrugere der er sundheds- og miljø orienteret og betragter 
 sig selv som sunde. ii) Forbrugere, der til en vis grad acceptere tilsætningsstoffer og viser interesse for 
 funktionelle  fødevarer  og  iii)  Forbrugere,  der  er  villige  til  at  gå  på  kompromis  med  smagen  for 
 sundhed og mener at funktionelle fødevarer er sunde. Det mest væsentlige resultat viser at 40 % af de 
 danske  forbrugere  er  villige  til  at  gå  på  kompromis  med  smag  for  sundhed,  hvis  de  kan  mærke,  at 
 produktet har en gavnlig effekt.  


Desuden  er  hydrolysaterne  blevet  evalueret  i  henhold  til  de  gældende  EFSA  procedurer. 


Ved evalueringen af kød hydrolysaterne som tilsætningsstoffer i funktionelle fødevarer i henhold til 
EFSAs’ procedure, er der på baggrund af den foreliggende data ikke fundet tilstrækkeligt bevis for at 
modtage et sundhedsanprisning.  
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1 Introduction 


Hypertension is a growing problem worldwide and a significant contributor to cardiovascular diseases 
 (CVD) (De Leo, Panarese, Gallerani, & Ceci, 2009). CVD are among the most prevalent causes of death 
 and the World Health Organization (WHO) has estimated that in 2020 CVD globally will be the most 
 prevalent cause of  death (Murray & Lopez, 1997). Furthermore, hypertension is a growing problem 
 among the Danish population.   


Along with the worldwide rise in dietary and lifestyle-related diseases the awareness and demand for 
 foods  with  a  healthy  function  will  likewise  increase.  Functional  foods  were  in  2006  estimated  to 
 represent less than 1 % of the total food and drink market in Europe (Zhang, Xiao, Samaraweera, Lee, 


&  Ahn,  2010),  but  are  now  considered  to  be  one  of  the  most  promising  segments  within  the  food 
 industry  (Siro,  Kapolna,  Kapolna,  &  Lugasi,  2008).  From  a  scientific  perspective  these  new  food 
 products containing functional ingredients could be the beginning of a new area between the food and 
 pharmaceutical  industry.  The  innovation  of  new  products  needs  to  follow  this  food  trend  but  the 
 challenges for innovation of new functional food products are the regulatory requirements. In Europe 
 the  European  Food  Safety  Authority  (EFSA)  strictly  regulates  the  requirements  but  the  market  is 
 expected to be more liberate in the future (Bornkessel, Bröring, & Omta, 2011; K. G. Grunert, 2010). 


In the last decade studies have shown examples of peptides derived from meat that process certain 
 healthy  qualities.  Among  those  an  antihypertensive  affect  have  been  discovered  (Ahhmed  & 


Muguruma,  2010;  Escudero,  Aristoy,  Nishimura,  Arihara,  &  Toldrá,  2012;  Ryan,  Ross,  Bolton, 
Fitzgerald,  &  Stanton,  2011;  Terashima  et  al.,  2010)  Protein  hydrolysates  obtained  from  low-value 
products from the slaughterhouse industry have shown to be in possession of  this antihypertensive 
property in vitro by inhibition of the angiotensin-I converting enzyme (ACE). Inhibition of ACE with 
synthetic products is generally used as treatment against hypertension but have unfortunately several 
side  effects  (De  Leo  et  al.,  2009).  In  collaboration  with  the  inSPIRe  project  nr.  III-5: Use  of  protein 
hydrolysates  obtained  from  meat  by-products  as  natural  and  healthy  ingredients  for  food  products, 
Danish  Meat  Rescearch  Institute  (DMRI)  requested  for  an  investigation  of  food  products  containing 
hydrolysates and in addition an estimation of how Danish consumers would accept such products. To 
succeed  with  new  food  products  on  the  market  the  understanding  of  factors  affecting  consumer 
acceptance and their attitude towards new products is pivotal. Since the market failure level for new 
food  products is  estimated  to  be  60-80  % it  is  a risky  and expensive  affair  for  the  food  industry to 
develop and innovate new food products (Siegrist, Frewer, & Trijp, 2007).  
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This illustrates the importance of consumer acceptance and preferences for developing new products. 


Traditions, habits and role models influence the choice of food where food acceptance is influenced by 
 social  norms,  perceptions  of  taste  and  assimilation  of  variety  therefore  it  must  be  SAFE: Selected, 
 Available, Familiar, Exactly as expected (Wansink, 2002). Consumer acceptance and their preferences 
 are highly correlated with  good taste,  which  has been revealed to  be one of  the  key issues in many 
 consumer studies. A good taste is strongly associated to positive understandings of high quality food 
 and healthy eating, thereby are less good taste and flavors one of the principal obstacles to consumer 
 acceptance  (Graaf,  Frewer,  &  Trijp,  2007;  Roininen  &  Tuorila,  1999;  Urala  &  Lähteenmäki,  2003; 


Wansink, 2005)(Roininen, Lähteenmäki, & Tuorila, 1999). Other studies have although indicated that 
 people  would  compromise  on  good  taste  when  they  see  themselves  within  the  target  group  for  a 
 product with certain health benefits (Verbeke, 2006). 


From a gastronomic and health scientific perspective it is important to take responsibility, meaning 
conducting and contributing to research in improving the  population’s  health  status. Seen from this 
position, diet is one of the essential factors in order to increase health and prevent diseases. Sensory 
science  is  an  interdisciplinary  approach  to  understand  the  human  responses  to  food  product 
properties  and  can  be  used  to  link  products  with  consumers  and  additionally  food  chemistry  with 
psychology  (M.  Martens,  1999). The  perception  of  food  involves  all  sensory  modalities;  therefore 
sensory  evaluation  can  be  used  as  a  tool  to  measure  consumer  perception  of  products  and  their 
characteristics. Another advantage of sensory evaluation is the possibility to generate and extract data, 
which  can  be  used  to  predict  or  interpret  consumer  acceptance  of  new  products  in coherence  with 
attitudes and responses (Tuorila, 2007).  
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1.1  Present study 


In this study I will investigate four different hydrolysates produced from low-value material at Danish 
 Crown slaughterhouses by Dat-Schaub for their overall potential as agents for production of functional 
 foods. To this end, four hydrolysate containing meat products from the traditional Danish cuisine will 
 be  developed.  The  hydrolysates  ability  to  inhibit  ACE  activity  will  be  measured  both  as  pure 
 hydrolysates  but  also  as  part  of  the  four  different  processed  meat  products.  Furthermore,  the 
 application of hydrolysates in food products will be evaluated based on investigations of the attitude 
 among Danish consumers towards functional meat products using a questionnaire. The meat products 
 will  be  evaluated  through  a  descriptive  analysis  as  well  as  subjected  to  consumer  sensory  tests  in 
 order to extract the immediate sensory perception of the products. Finally, the chance of receiving a 
 health claim from EFSA, based on the data available at present, will be evaluated according to the EFSA 
 procedure.  


 The investigated hydrolysates are: 


  DATPRO HPP11 (HPP11) derived from shield bloody pork meat (Batch 201108-21) 


  DATPRO HBG (HBG) derived from bovine greaves (Batch 201109-22S) 


  DATPRO HPG 1.1 (HPG 1.1) derived from pork greaves (Batch 201110-22S)  


  DATPRO HPL-1 (HPL) derived from pork liver (batch 200901-24) 
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1.2  Study delimitation 


The  main  background  variables  investigated  are  gender,  age  and  state  of  health  related  to  blood 
 pressure. In this study antihypertensive activity will only relate to blood pressure regulating activity 
 through inhibition of Angiotensin I-converting enzyme (ACE).  


As perception of food involves all sensory modalities this study has mostly focus on flavor.  


The  developed  product    must  be  seen  as  prototypes  rather  than  product  which  are  ready  for  the 
 market. The  recipe  used are conventional Danish (low-fat),  and  further  product  development is  not 
 included as a part of this study. 


1.2.1  Conceptual clarification 
 1.2.1.1  Hypertension 


Hypertension  means  that  the  blood  pressure  is  constantly  high,  even  under  relaxing  circumstances. 


High blood pressure is when the pressure in the arteries constantly is above the normal range, which 
 for  the  systolic  pressure  means  above  140  mmHg  and  diastolic  above  90  mmHg  (Hjerteforeningen, 
 2011).  


1.2.1.2  Bioactive compounds 


In  general  nutritional  terms  a  bioactive  compound  has  the capacity  to  interact  with  a  receptor or a 
 system in  vivo  often  in  relation  to  specify  that  this  capacity  is  beneficial  in  some  way.  A  dietary 
 bioactive component is defined as: “Food derived components (genuine or generated) that, in addition 
 to their nutritional value exert a physiological effect in the body” (Ryan et al., 2011). It has to comply 
 two conditions: “…brings about a measurable biological effect at a physiologically realistic level.” And: 


“…the bioactivity affects health in a beneficial way” (De Leo et al., 2009).  


1.2.1.3  Bioactive peptides  


Bioactive  peptides  are  short  polymers  usually  of  2  to  20  amino  acids.  They  are  derived  from  the 
primary structure in a protein and they are not active before they are hydrolyzed from the primary 
protein. The hydrolysis can be generated in vivo by several organisms and or enzymatic in vitro (Zhang 
et  al.,  2010).  Bioactive  peptides  comply  with  the  definition  of  a  bioactive  compound  (De  Leo  et  al., 
2009;  Erdmann,  Cheung,  &  Schröder,  2008;  Ryan  et  al.,  2011).  The  hydrolysates  in  this  study  are 
derived from pork and bovine proteins.  
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1.2.1.4  Functional foods 


Various definitions regarding functional foods have been discussed but a formal definition has not yet 
 been recognized. Any food, ingredient or compound with a positive and beneficial bioactivity can be 
 regarded as functional. Functional foods are foods that are specially developed to promote health or 
 prevent  diseases.  It  can  involve  food  in  which  active  ingredients  have  been  added  or  removed 
 (Fødevarestyrelsen,  2009).  Functional  foods  are:  “foods  or  food  products  that  have  beneficial 
 physiological and/or psychological actions beyond the widely accepted nutritional effects” (Aggett et al., 
 2005). In addition, functional foods are described as containing:  “…a component with a selective effect 
 on  one  or  various  functions  of  the  organism  whose  positive  effect  can  be  justified  as  functional 
 (physiological)  or  even  healthy”  (Zhang  et  al.,  2010).  A  distinction  between  fortified  foods  and 
 functional  foods  can  be  difficult  as  a  food  can  be  enriched  with  a  nutrient  such  as  a  vitamin  or  a 
 mineral  and  in  some  cases,  if  there  is  a  beneficial  effect,  the  food  as  will  be  functional 
 (Fødevarestyrelsen, 17-02-2012).  



1.3  Content outline 


The first part of this study is a theoretical section dealing with three different aspects of hydrolysates. 


The first part is a description of protein peptides, hydrolysates and their health benefit in relation to 
hypertension.  The  second  part  provides  insight  in  regulations  on  food  additives  and  health  claims 
including a description on how EFSA assess the scientifically based evidence is described. The third 
section  deals  with  some  of  the  theories  on  food  choice,  preferences  and  acceptance,  which  are 
important in understanding and evaluating the development of a functional meat product containing 
meat hydrolysates. The section ends with a description of the consumer’s accept of functional foods, 
which  will  provide  a  framework  for  understanding  their  acceptance  in  relation  to  functional  meat 
product further on in the study. The experimental work and data analysis will be described in details 
in the material and method section. Results will be discussed related to theory and previous studies in 
continuation  with  their  presentation.  This  is  chosen  to  enhance  readability  between  results  and 
discussion, as the collected data are substantial and very diverse. Finally, an overall discussion of the 
investigated  hydrolysates  followed  by  a  main  conclusion.  Perspectives  and  suggestions  for  future 
research will end the study. 
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2  Background



2.1  The hypertension problem 


Hypertension is a growing problem worldwide and a significant contributor to cardiovascular diseases 
 (De Leo et al., 2009). As mentioned before WHO has estimated that cardiovascular diseases will be the 
 most prevalent cause of death  globally in 2020  (Murray & Lopez, 1997). It was estimated that 14,9 
 percent of the world’s population had hypertension in 2007, which correspond to an increase of 27 
 percent within the past two decades and a further increase is expected (Ahhmed & Muguruma, 2010). 


The  incidences  in  Denmark  indicate  that  hypertension  is  a  growing  problem  among  the  Danish 
 population. The recently published index from the Danish Heart Association indicates that 20 percent 
 of  the  Danish  population  has  hypertension  and  approximately  250.000  have  high  blood  pressure 
 without knowing it (Hjerteforeningen, 2011).  


The main cause of hypertension is still unknown but it has been discovered that ACE has a central role 
 in regulating the blood pressure. However it is also well-known that the elasticity of the arteries wall 
 decrease  and  the  smaller  blood  vessels  become  narrower  with  age,  which  increase  the  heart  rate 
 (Ahhmed  &  Muguruma,  2010).  It  is  suggested  that  environmental  and  lifestyle  factors  such  as: 


smoking,  alcohol,  dieting,  obesity,  physical  inactivity  and  stress  can  increase  the  blood  pressure 
 (Ahhmed & Muguruma, 2010; Di Bernardini et al., 2012; Vercruysse, Van Camp, & Smagghe, 2005). An 
 unbalanced  diet  with  a  high  content  of  salt  and  saturated  fats  are  among  the  essential  diet  related 
 factors associated with hypertension (Ahhmed & Muguruma, 2010) 


Antihypertensive  medications  with  synthetic  ACE  inhibitors  are  usually  applied  in  treatment  of 
 hypertension. The synthetic ACE inhibitors have been reported to have several  side effects such  as: 


hypotension, angioedema, skin rashes, dizziness, tiredness, cough and headache (Di Bernardini et al., 
 2012), (De  Leo  et  al.,  2009).  To  avoid  these  side  effects  food  and  natural  derived  ACE  inhibitory 
 peptides  have  a  growing  interest  in  order  to  meet,  treat  and  prevent  the  growing  problem  with 
 hypertension and related cardiovascular diseases. Bioactive peptides are typically derived from plant, 
 milk and animal proteins. This is the start of a search for an antihypertensive agent in nutraceuticals 
 and functional foods (De Leo et al., 2009).  



2.2  Mechanism of ACE and inhibitory peptides 


ACE  is  a  circulating  trans-membrane  dipeptidyl  peptidase  that  is  capable  to  cleave  any  peptide 
(Ahhmed & Muguruma, 2010). It plays an important role in the rennin-angiotensin system (RAS) and 
consequently on the regulation of the blood pressure as it catalyzes the changes of the inactive forms 
of angiotensin I (Ang I) to the active angiotensin II (Ang II) (Figure 1). Ang II act constrict directly on 
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vascular  smooth  cells.  So  if  the  RAS  system  is  too  active  it  has  an  increasing  effect  on  the  blood 
 pressure.  Furthermore  ACE  deactivates  the  vasodilator  peptide,  bradykinin,  which  among  other 
 functions has responsibility for enlarging the blood vessels hence it contributes to the decrease in the 
 blood  pressure  (Ahhmed  &  Muguruma,  2010;  De  Leo  et  al.,  2009;  Erdmann  et  al.,  2008;  Escudero, 
 Sentandreu,   Toldr , 2010; Ryan et al., 2011).  


Figure 1: The renin–angiotensin system adopted from Erdmann et al. (2008).


With  the  negative  impact  on  the  blood  pressure  it  is  preferably  to  inactivate  the  ACE.    Through 
 medicine  ACE  can  very  effectively  be  inactivated but  unfortunately medicine  may  bring  along  other 
 strong side effects. Bioactive peptides have ability to inhibit ACE activity by acting as a competitor to 
 the RAS since the ACE prefers ACE inhibitory peptide instead of Ang I. There are two ways a peptide 
 can act; either it binds to the active site or to an inhibitory site of the ACE. In both ways it prevents Ang 
 I  from binding to the enzyme. Until now no  harmful side effects have been registered in relation to 
 bioactive peptides (Ahhmed & Muguruma, 2010; De Leo et al., 2009; Ryan et al., 2011).  


ACE inhibitory peptides can be classified  within three  types: the  “true inhibitor type”,  the “substrate 
 type”  which  has  a  weak  inhibitory  activity,  and  the  “pro-drug  type”,  which  is  converted  to  “true 
 inhibitor type”. The ACE inhibitory peptides derived from meat are in general categorized as the “true 
 inhibitor  type”(Ryan  et  al.,  2011). The  strength  of  an  ACE  inhibitor  is  usually  measured  by  the 
 concentration that leads to 50 percent inhibition of the ACE activity and is in science expressed as the 
 IC50 value (Erdmann et al., 2008). The lower the IC50 value is the stronger the inhibition of ACE activity.  


2.2.1  Identification and measurement of ACE inhibitory peptides derived from meat 


Enzymatic  hydrolysis  of  whole  meat  proteins  is  the  most  frequently  used  technique  to  release  ACE 
inhibitory peptides (Ryan et al., 2011) but it has also been revealed that curing of meat can generate 
such  peptides  (Escudero,  Toldrá,  Sentandreu,  Nishimura,  &  Arihara,  2012;  Zhang  et  al.,  2010). 
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Following hydrolysis the hydrolysates are assayed for bioactivity. Inhibition of ACE activity resulting 
 from hydrolysates can be evaluated both in vitro and in vivo where the peptide sequences within can 
 still be unidentified. (De Leo et al., 2009; Ryan et al., 2011). HPP11, HBG, HPG1.1 and HPL have not been 
 investigated before the present study.  


2.2.2  Bioavailability and absorption 


Bioavailability  of  a  nutrient  is  partially  controlled  by  its  physicochemical  characteristics  such  as 
 molecular weight and size, lipophilic properties, acidity (pKa), charge and solubility. Additionally pH, 
 gastrointestinal mobility, transit time, intestinal permeability, present enzymes and transporters are 
 of importance for the variability of absorption (Ryan et al., 2011).  


It  is  important  that  the  peptide  enter  the  circularly  system  intact  and  remain  active  during  the 
 digestive  process  for  the  inhibition  of  ACE  activity in  vivo  (De  Leo  et  al.,  2009;  Ryan  et  al.,  2011). 


However it is reported that the bioavailability and remained bioactivity is dependent on the peptide 
 sequence construction and their length. To this date in vivo and in vitro studies have not shown any 
 clear results  regarding  bioavailability and  absorption  of  ACE  inhibitory  peptides  but some essential 
 structural characteristics of the peptide have been clarified. The overall hydrophobicity of the peptide 
 is  of  importance. The  hydrophobic  ACE  inhibitory  peptides  are  capable  to bind  with  the N-terminal 
 catalytic  site  on  ACE (De  Leo  et  al.,  2009;  Hernández-Ledesma,  del  Mar  Contreras,  &  Recio,  2011) 
 whereas hydrophilic peptides are reported as incapable to bind to the active site of ACE (Ryan et al., 
 2011). The advantages of hydrophobic ACE inhibitory peptides have been confirmed in several studies 
 (De Leo et al., 2009). Studies with a good result in vitro have not been able to demonstrate the same 
 activity in  vivo,  which  has  been  explained  by  alteration  of  the  peptide  as  it  may  take  place  before 
 reaching  ACE in  vivo.  Other  studies  have  shown  higher  bioactivity  of  peptides in  vivo,  which  is 
 suggested to be related to intestinal modification (Ryan et al., 2011). 


Usually  ACE  inhibitory  peptides  consist  of  2  to  12  amino  acids  and  the  most  effective  recognized 
 contain tyrosine, phenylalanine, tryptophan, and Proline at the C-terminal. Shorter peptides are more 
 resistant to degradation by the intestinal enzymes and more easily absorbed to the circularly system 
 as well as they are more compatible in binding to the active site of ACE (Ahhmed & Muguruma, 2010; 


De Leo et al., 2009; Erdmann et al., 2008; Escudero et al., 2010; Hernández-Ledesma et al., 2011; Ryan 
et al., 2011; Terashima et al., 2010). Studies have demonstrated that ACE is incapable of binding larger 
peptides  sequences  (Hernández-Ledesma  et  al.,  2011).  Therashima et  al.  (2010)  underlined  this  by 
investigation of  several  peptide sequences.  They  identified  that  stability  and  absorption in  vivo  was 
significantly  improved  by  shortening  the  peptide  length  from  10  amino  acids  to  four  or  two  amino 
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acids (Terashima et al., 2010). It is important to emphasize that the knowledge of ACE inhibiting meat 
 peptides to date has been mainly gained from in vitro and in vivo animal studies.  


2.2.3  ACE inhibiting meat peptides and hydrolysates 


Studies  have  shown  realistic  IC50  from  pork  and  bovine  muscles  and  unspecific  meat  hydrolysate  have 
 recently been under investigation. A small extract of those are shown in Table 1. 


Table 1: Potency of ACE inhibiting meat peptides derived from pork and bovine and meat hydrolysate derived from 
 pork.  The  IC50-values  corresponds  to  the  concentration  of  peptide/meat  hydrolysate  needed  to  inhibit  the  ACE 
 activity by half. Table values are adapted from (Ahhmed & Muguruma, 2010; Escudero et al., 2012; Ryan et al., 2011; 


Terashima et al., 2010). 


Peptide sequence  IC50 In vitro  IC50 In vitro (µg/ml)*  In vivo (SHR)  Source (protein) 


RMLGQTP  503 mM  388.3  -  Pork (troponin) 


RMLGQTPTK  34 mM  33.9  -  Pork (troponin) 


ITTNP  945.5 mM  490.3  21.0 mmHga  Pork (myosin) 


VKKVLGNP  28.5 mM  23.4  24.0 mmHg a  Pork (myosin) 


KRVITY  6.1 mM  4.6  23.0 mmHg a  Pork (myosin) 


VKAGF  20.3 mM  10.0  17.0 mmHg a  Pork (actin) 


KRQKYDI  26.2 mM  24.1  9.9 mmHg a  Pork (troponin) 


Meat hydrolysate  3.9 mg/ml  3900  -  Pork meat 


Meat hydrolysate  3.69 mg/ml  3690  -  Pork meat 


RPR  382 mM  154.9  33.21 mmHg b   Pork meat 


KAPVA  46.56 mM  21.4  33.72 mmHg b   Pork meat 


PTPVP  256.41 mM  124.0  25.66 mmHg b   Pork meat 


GFHI  64.3 mg/ml  64.3  -  Bovine (muscle) 


DFHING  50.5 mg/ml  50.5  -  Bovine (muscle) 


FHG  52.9 mg/ml  52.9  -  Bovine (muscle) 


GLSDGEWQ  117 mg/ml  117.0  -  Bovine (muscle) 


Captopril**  0.022 μM  0.0048 


Carnosin***  14000 


*Calculated from the molar weight of the amino acids, see appendix X. 


** Captropril is a syntetic ACE inhibitor and distributed as antihypertensive medicine under the name Accupril. 


***Carnosin is a well-known dipeptide, used as control in ACE inhibitory Assay by DMRI. 


aMeasured as the maximum decrease in systolic blood pressure in spontaneously hypertensive rats proceeding oral administration 
 of peptide at 10 mg/kg (maximum decrease between 3 to 6 h after administration). 


bMeasured as decrease in systolic blood pressure in spontaneously hypertensive rats proceeding oral administration of synthetic 
 peptide at 1mg/kg (measured after 6 h). 


The  IC50 values  of  peptide  sequences  and  meat  hydrolysates  with  various  peptide  sequences  have 
shown  lower  inhibiting  ability  compared  to  medications  such  as  Accupril  with  synthetic  ACE 
inhibitors. However studies with spontaneously hypertensive rats (SHR) have demonstrated an acute 
significant  decrease  in  the  systolic  blood  pressure  after  a  single  oral  digestion  of  meat-derived 
peptides. The decrease is most significant from 3 to 9 hour after intake with a maximum decrease after 
6  hours  (Ahhmed  &  Muguruma,  2010;  Escudero  et  al.,  2012).  Further  a  significant  decrease  in  the 
concentration  of  Ang  II  in  SHR  has  been  verified  after  two  weeks  on  a  5  %  meat  hydolysate  diet 



(19)Background



19


(Ahhmed  &  Muguruma,  2010).  This  could  suggest  meat  hydrolysates  as  good  potential  agents  for 
 antihypertensive functional foods. 


Milk peptides are the most studied and it has been documented that milk peptides are able to inhibit 
 ACE in vivo on humans. Two of the identified bioactive milk peptides are IPP and VPP. Several models 
 have  showed  that  IPP  and  VPP  were  easily  transported  across  the  intestinal  epithelium  to  the 
 circularly  system  and  further  decrease  in  the  blood  pressure  on  hypertensive  patients  have  been 
 registered (Ryan et al., 2011)). Two milk products containing the antihypertensive peptides VPP and 
 IPP are Calpis® and Evolus® available on the market in Japan and Finland respectively.    



2.3  Regulations on food additives and health claims 


In  the  continuation  of  that  meat  hydrolysates  have  a  good  potential  as  a  substance  in  a  functional 
 product they need to meet the regulatory requirements for additives. The Danish Veterinary and Food 
 Administration (DVFA) are responsible for the regulation on food additives in Denmark. DVFA have to 
 approve  all  substances  with  nutritional  or  beneficial  physiological  effects  before  a  product  can  be 
 legally  placed  on  the  Danish market.  The  approval  is  based  on  risk  management.  The  procedure  is 
 carried out on a case-to-case basis by the National Food Institute to ensure, that the given product can 
 be  consumed  safely  by  all  groups  of  the  population.  Furthermore  any fortification with  vitamins, 
 minerals  or  other  substances  needs  to  comply  with  the  EU  Regulation  (EC)  No.1925/2006. 


(Fødevarestyrelsen, 17-02-2012).  


Products containing meat hydrolysates with ACE inhibitory activity have potential to achieve a health 
 claim, which are under the European Commission (EC) regulation. The EC legislation of health claim is 
 the basic law in Denmark (Fødevarestyrelsen, 17-02-2012). In 2007 the European Commission (EC) 
 began to regulate food products related to claims according to the EU Regulation (EC) 1924/2006 and 
 compiling a active list of approved claims, which since has been updated and regulated ad hoc to be 
 assert and legislative in all EU countries (Asp & Bryngelsson, 2008; Gilsenan, 2011; K. G. Grunert et al., 
 2009). The current list can be seen on EFSA’s homepage. In total 19 health claims have been approved 
 by the EC.  


When food labels try to communicate certain health issues or risk reducing properties of  particular 
 ingredients, it is a health claim. Before the EC began regulating health claims was in general prohibited 
 in Denmark (K. G. Grunert et al., 2009). A health claim is explained as: “any claim that states, suggest or 
 implies that a relationship exist between a food category, a food or one of its constituents and health” 


(Aggett et al., 2005). In addition reduction of disease risk claims undergo the health claim classification 
and is explained as: ‘‘any health  claim that  states, suggests or implies that  the  consumption of a food 
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category,  a  food  or  one  of  its  constituents  significantly  reduces  a  risk  factor  in  the  development  of  a 
 human  disease.’’  (Asp  &  Bryngelsson,  2008;  Gilsenan,  2011).  These  two  types  of  health  claims  are 
 divided in different subclasses (Figure 2) (Gilsenan, 2011).  


Figure 2: Schematic overview of Regulation (EC) No. 1924/2006 on nutrition and health claims made on food, with 
 respect to health claims adopted from (Gilsenan, 2011). 


Article 13.1 and 13.5 claims are: “Health claims other than those referring to the reduction of disease 
 risk and to children's development and health” (Asp & Bryngelsson, 2008). Article 13.1 are divided in 3 
 categories of claims:  


a)  The  role  of  a  nutrient  or  other  substance  in  growth,  development,  and  the  functions  of  the 
 body 


b)  Psychological or behavioral functions 


c)  Slimming or weight control or a reduction in the sense of hunger or an increase in the sense of 
 satiety or the reduction of available energy from the diet 


Article 13.5 are claims based on newly developed scientific evidence and/or that include protection of 
 proprietary data. Article 14 claims are divided in: 


a)  Reduction of disease risk  


b)  Children’s health and development 
 (Asp & Bryngelsson, 2008; Gilsenan, 2011)  


Products containing meat hydrolysates with ACE inhibitory peptides would presumably be evaluated 
to  achieve  an  article  13.1  (b)  health  claim.  The  acute  decrease  in  blood  pressure  is  a  psychological 
effect and a help to maintain a healthy blood pressure rather than a disease reduction.  
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2.4  Evaluation of scientific evidence for health claims  


All health claims need to be substantiated by high scientific standards (Gilsenan, 2011; K. G. Grunert et 
 al., 2009). European Food Safety Authority (EFSA) is responsible for assessing the scientifically based 
 evidence to ensure that consumers can trust accepted claims and that the industry can get feedback on 
 their  investments  in  science  and  innovation  of  new  functional  ingredients  (Gilsenan,  2011;  Vero  & 


Gasbarrini,  2012).  The  evidence  is  reviewed  of  EFSA’s  Panel  on  Dietetic  Products,  Nutrition  and 
 Allergies  (NDA)  who  gives  scientific  opinions  on  substantiation  of  health  claims.  These  scientific 
 opinions are constructed on the basis of the Process for the Assessment of Scientific Support for Claims 
 on  Foods  (PASSCLAIM)  consensus  of  criteria’s  related  to  various  health  claims,  showed  in  Table  2 
 (Aggett et al., 2005).  


The PASSCLAIM approach is evaluated and considered as a valid framework in assessing a claim, as 
 many academic experts from universities, the industry, public interest groups and regulatory organs 
 have been involved. PASSCLAIM is sponsored by the European Commission and coordinated by ILSI 
 Europe (Aggett et al., 2005; Asp & Bryngelsson, 2008). 


Table  2:  Criteria  used  for  assessment  of  scientific  substantiation  for  claims  on  foods.  PASSCLAIM  Consensus  of 
 criteria ((Aggett et al., 2005)) 


1. The food or food component to which the claimed effect is attributed should be characterised. 


2. Substantiation of a claim should be based on human data, primarily from intervention studies the design of 
 which should include the following considerations: 


(a) Study groups that are representative of the target group. 


(b) Appropriate controls. 


(c) An adequate duration of exposure and follow up to demonstrate the intended effect. 


(d) Characterization of the study groups’ background diet and other relevant aspects of lifestyle. 


(e) An amount of the food or food component consistent with its intended pattern of consumption. 


(f) The influence of the food matrix and dietary context on the functional effect of the component. 


(g) Monitoring of subjects’ compliance concerning intake of food or food component under test 
 (h) The statistical power to test the hypothesis. 


3. When the true endpoint of a claimed benefit cannot be measured directly, studies should use markers 
 4. Markers should be: 


-  Biologically valid in that they have a known relationship to the final outcome and their variability 
 within the target population is known. 


-  Methodologically valid with respect to their analytical characteristics. 


5. Within a study the target variable should change in a statistically significant way and the change should be 
 biologically meaningful for the target group consistent with the claim to be supported. 


6. A claim should be scientifically substantiated by taking into account the totality of the available data and by 
 weighing of the evidence. 


The PASSCLAIM consensus of criteria ranked different kinds of scientific work into a hierarchy: 
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 in vitro models < animal studies < observational studies < human dietary trials (Aggett et al., 
 2005)). 


Certain  biomarkers  are  considered  as  tools  to  predict  psychological  effects  or  reduction  of  disease 
 risks  for  each  of  the  subsequent  categories:  Diet  related  cardiovascular  disease,  Bone  health  and 
 osteoporosis,  Physical  Performance  and  Fitness,  Body  weight  regulation,  Insulin  sensitivity  and 
 diabetes risk, Diet-related cancer, Mental state and performance and Gut health and immunity (Aggett 
 et  al.,  2005).  Products  containing  meat  hydrolysates  inhibiting  ACE  activity,  resulting  in  an  acute 
 decrease in blood pressure, will be categorized as a cardiovascular disease biomarker. Maintenance of 
 normal  blood  pressure  would  presumably  be  the  wording  of  a  claim  to  products  containing  meat 
 hydrolysates with ACE inhibitory activity. The NDA approach to provide scientific opinions on claims 
 in  relation  to maintenance  of  normal  blood  pressure  is  approached  on  the basis  of Guidance on  the 
 scientific  requirement related to antioxidants, oxidative damage and cardiovascular health. In general 
 NDA  consider  maintenance  of  normal  blood  pressure  as  a  beneficial  physiological  effect  (EFSA  on 
 Dietetic  Products,  Nutrition  and  Allergies  (NDA),  2011)(EFSA  on  Dietetic  Products,  Nutrition  and 
 Allergies (NDA), 2011). 


When EFSA’s NDA panel examines the evidence they decide how far a cause and effect relationship is 
 established.  They  evaluate  the  evidence  of  human  trails  and  reliable  biomarkers.  Three  superior 
 approaches are evaluated in their assessment: 


1.  Characterization of the food/ constituent. 


2.  Relevance of the claimed effect to human health and is it a beneficial physiological effect. 


3.  Scientific substantiation of the claimed effect. Human intervention studies are required. 


Scientific  substantiation  in  relation  to  blood  pressure  can  be  obtained  from  human  intervention 
studies showing a short-term reduction in the systolic blood pressure or a reduction in the diastolic 
blood pressure along with a reduction in the systolic blood pressure. The food or the component with 
the claimed effect should be tested to comparable neutrals or a control group on a normal diet. The 
substantiation  could  only  be  obtained  from  studies  performed  on  a  hypertensive  study  population 
treated with lifestyle measures including diet. Studies performed on a hypertensive study population 
treated with medications will be individually considered. The evidence for lack of interaction between 
the food or the ingredient and medications should be clear (EFSA on Dietetic Products, Nutrition and 
Allergies (NDA), 2011). 
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The  Guidance  have  been  consulted  with  the  government,  non-government  organs,  the  industry  and 
 academic institutions (Panel on Dietetic Products, Nutrition, and Allergies (NDA). European Food Safty 
 Authority (EFSA), 2012) and is based on the NDA Panels experience on evaluating claims on the basis 
 of PASSCLAIM (EFSA on Dietetic Products, Nutrition and Allergies (NDA), 2011). For that reason the 
 approach can be considered as a valid framework in assessing a claim. 


2.4.1  EFSA scientific opinion on ACE inhibitory peptides 


The following part will briefly review the substantiation of health claims related to two peptides and 
 maintenance of normal blood pressure. Since meat peptides from pork and bovine are not as far along 
 in the investigation comparative peptides will be reviewed. EFSA have conducted scientific opinions 
 on  the  substantiation  of  health claims  related  to  bonito  protein  peptide  (ID  1716)  and  C12  peptide 
 (Phe-Phe-Val-Ala-Pro-Phe-Pro-Glu-Val-Phe-Gly-Lys)  (Id  1483,  3130)  in  respect  to  maintenance  of 
 normal blood pressure pursant to Article 13(1) of regulation (EC) No 1924/2006.  


The  opinions  of  the  NDA  are  based  on  systematic  reviews  and  evaluations  of  studies  on  the  ACE 
 inhibitory effects of bonito protein peptide and C12 peptide and several studies have been evaluated. 


Both  peptides  were  considered  as  sufficiently  characterized  (EFSA  Panel  on  Dietetic  Products, 
 Nutrition and Allergies (NDA), 2010a; EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA), 
 2010b). The studies provided for the two scientific opinions involve: 


  Inhibition of ACE activity in vitro. 


  Antihypertensive effects on spontaneously hypertensive rats (SHR). 


  Pilot acute randomized, double-blind, crossover intervention studies on humans. 


  Randomized double-blind controlled trial in humans. 


  Randomized crossover in humans. 


The opinions from the NDA panel conclude that the results from the studies are not sufficient enough 
to predict the effects on humans. Only results from studies on animals have reported an effect on the 
blood pressure and this effect cannot be transferred to humans. Further statistical evidence and the 
amino acid composition was lacking in some of the submitted studies. EFSA conclude that a cause and 
effect  relationship  between  the  consumption  of  bonito  protein  peptide  or  C12  peptide  and  the 
maintenance of normal blood pressure  cannot be established on the  basis of  the  evidence provided 
(EFSA  Panel  on  Dietetic  Products,  Nutrition  and  Allergies  (NDA),  2010a;  EFSA  Panel  on  Dietetic 
Products, Nutrition and Allergies (NDA), 2010b). 
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Considering that only 19 claims have been approved by EC and EFSA indicate that they are very strict 
 in their assessment and require very convincing scientific evidence. It is difficult to succeed with an 
 application  and  reach  a  positive  EFSA  opinion  that  can  lead  to  an  approval  of  a  claim.  Very  strong 
 scientific evidence from human trails is needed to prove a cause and effect relationship between the 
 consumption and the claimed beneficial physiological effect. 



2.5  Food choice and acceptance 


Insight  and  understanding  of  consumers’  choice,  preferences  and  perceptions  of  foods  lead  to 
 knowledge about what underlying mechanisms there are operating and influencing peoples accept of 
 new products. Applying consumer insight is beneficial in marketing strategies for functional foods. It is 
 valuable to understand consumers’ decision making as it is important to link the food attributes with 
 the target groups health consequences in the communicating (Wansink, 2005). Besides the regulatory 
 requirements on functional foods, it is important that the consumer accepts the product and that they 
 understand  the  health  claim  before  a  product  can  reach  the  market.  In  other  words,  consumer 
 acceptance is key for success regarding new products (K. G. Grunert, 2010; Zhang et al., 2010).  


Understanding consumers food choice and accept of functional products imply many complementary 
 scientific disciplines and theories. Whereas the fundamental biological need determines the amount of 
 food a person needs to consume, the interplay between biological and physiological mechanisms are 
 responsible  for  releasing  hormones  and salivation  to  assure  a  proper intake  of  food.    Humans  have 
 conflicting  tendencies  in  their  food  preferences.  On  one  hand  the  food  choice  is  governed  by  a 
 neophobia expressed by reluctance to try unfamiliar foods, whereas also a subconscious attraction to 
 seek novel food sources which ensures that the diet variety comply with the needs of the human body. 


This phenomenon is called the omnivore’s paradox and was first introduced as The Generalist by Rozin 
in 1976 (Ogden, 2003; Rozin, 1976; van Trijp & van Kleef, 2008; Wansink, 2002) . The understanding 
of  the  psychophysiological,  biological  and social  influence  on  food choice and  acceptance  is  a  broad 
field, ranging from the appetite system to consumer attitude and motivational influences. These can be 
accessed  from  various  theories.  Psycho-physiological  models  are  used  to  describe  the  relationships 
between  satiety,  hunger  and  sensory  properties  of  foods.  Additionally  a  sociological  method  can 
contribute  with  information  about  a  population’s  choice  of  food  and  frequency  of  eating  particular 
types food. Developmental models, which are based on a more anthropological approach, can illustrate 
and describe how food preferences develop during a lifetime. These models describe the existence of 
food  habits  that  are  specifically  attached  to  different  cultures  and  how  these  constitute  to  the 
individual  identity.  A  psychological  approach  can  provide  concepts  with  cognitive  models  of  food 
choice that implies intentions, subjective norms, attitudes and beliefs. Furthermore, theories such as 
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decision-making  models  and  neuro-economics  are  trying  to  explain  food  choice  based  on  the  most 
 desired outcome of individuals (Ogden, 2003; Rozin, 2006). The following chapter will describe some 
 of  the  many  different  theories  on  food  choice,  preferences  and  acceptance  that  are  important  for 
 understanding  and  evaluating  the  development  of  a  functional  meat  product  containing  meat 
 hydrolysates. 


2.5.1  Sensory perception  


All the senses are involved in the sensory perception of food and determine whether or not people like 
 the food. It is emphasized in several studies and theories that the combined sensory perceptions are 
 essential in food choice and indirectly on the acceptance of food (Graaf et al., 2007; Yeomans & MacFie, 
 2007). This section will briefly clarify some of these studies with taste as the central focus.  


The perception of attributes can be evaluated as positive or negative. The five fundamental tastes are: 


salt,  bitter,  sweet,  sour  and  umami,  which  is  sensed  when  molecules  from  the  food  interact  with 
 receptors on the tongue. Each taste have an optimum concentration for liking and perceived intensity, 
 which  differs  between  persons,  age  groups,  gender,  state  of  health,  and  according  to  different 
 situations and circumstances (Graaf et al., 2007). In addition, taste is temperature dependent. Figure 3 
 illustrate that the thresholds for e.g. salt and bitter increases with the temperature. 


Figure 3: The threshold value of groundflavors in response to temperature. Illustration of threshold values for 
 groundflavors are derived from (Amerine, Pangborn, & Roessler, 1965) 


2.5.2  Development of preferences 


We have a natural innate preference for sweet and fatty flavors and aversion for sour and bitter tastes. 


During the whole life especially from the infant stage during the transmission from mother to infant 
we develop and learn flavor preferences by different processes. Two of them are described as Flavor-
consequence  learning  and Flavor-flavor  learning  (Graaf  et  al.,  2007;  Yeomans  &  MacFie,  2007).  By 
Flavor-consequence  learning  the  sensory  properties  of  a  food  are  perceived  and  people  develop  a 
preference or a dislike according to the post-ingestive results. By Flavor-flavor learning a liked flavor 
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will increase the acceptance of an unknown flavor. A classic example of Flavor-flavor learning is when 
 people  start  drinking  coffee  they  usually  add  milk  or  sugar  in  the  beginning  (Yeomans  &  MacFie, 
 2007).  A  third operating mechanism is  development  of  liking  by  a  conditional  learning.  In  this case 
 liking increase as the food increases in familiarity, which is dependent and affected by the frequencies 
 of exposure. Zajonc explains it as a lack of adverse consequences in the post-ingestive effect of a food. It 
 takes  place  with  repeated  exposure  to  a  new  food without  any  positive  or  negative  consequences 
 (Zajonc, 2001). The stability of food and taste preferences seems to be more long lasting as earlier the 
 preference is obtained. Studies by Liem and Menella (Liem & Mennella, 2002; Liem & Mennella, 2003) 
 have  shown  that  people  exposed  to  sour  and  bitter  tastes  in  the  very  early  stage  of  life  acquire  an 
 acceptance earlier than those who are not. The early-obtained preferences may be able to help predict 
 later  preferences.  However,  it  is  emphasized  that  repeated  exposures  within  a  short  time-span  can 
 lead to boredom. This result in a differentiation between two concepts: liking and wanting. Boredom 
 decreases the wanting of a food (Graaf et al., 2007). Where preference is the choice between different 
 products, liking is referring to the degree of pleasure derived from the sensory perceptions by intake 
 of  a  certain  food  (Graaf  et  al.,  2007).  Consumers  seldom  consume  a  type  of  food  they  do  not  like 
 whereas  the  consumption  increases  of  those  foods  with  high  liking.  That  emphasizes  liking  to  be 
 dominant for food choices although there are situations in which people choose the less liked food on 
 the  background  of  their  state  of  hunger  or  other  different  motives  such  as  weight  control,  price  or 
 ethical reasons (Graaf et al., 2007; Yeomans & MacFie, 2007).   


2.5.3  Social and psychological variables in food choice 


Additionally  to  exposure  and  post-ingestive  learning  the  social  interactions  during  a  lifetime  have 
influence  on  food  preferences. Many  models  have  been  developed  attempting  to  describe  food 
preferences.  In  Randall  and  Sanjur’s  (Randall  &  Sanjur,  1981)  model  of  factors  influencing  food 
preferences, the  variables have been divided in three groups of characteristics: individual, food and 
environment. The model is evolved mostly on demographic variables (Figure 4).  



(27)Background



27


Figure 4: Factors influencing food preferences (Randall & Sanjur, 1981). 


The  arrows  on  the  top  of  the  variables  designate  their  interrelations  and  how  they  lead  to 
 consumption.  As  demographic  data  on  consumers  often  are  incomprarable,  a  consumer  oriented 
 product  development  has  to  address  the  physiological  and  psychological  factors  (Graaf  et  al.,  2007; 


Sijtsema,  Linnemann,  van  Gaasbeek,  Dagevos,  &  Jongen,  2002). This  could indirectly  be  addressed 
 through people’s beliefs and attitudes (Shepherd & Sparks, 1994), where acceptance can be explored 
 by people’s perception of risk and benefits associated with a food (Wansink, 2005). 


When consumers choose between different food products they will choose the product they associate 
 most positively. The complete food attributes will in that case be weighed and summed. Depending on 
 the beliefs and likings of the consumer the desired outcome turns out to be evaluated differently and is 
 a result of the individual’s food interaction and social communicated information (Shepherd & Sparks, 
 1994). A person’s evaluated outcome can be weight control or environmentally friendly food whereas 
 another person’s evaluated outcome is a value for the money approach or gaining weight. One of the 
 social psychological models used to describe food choice is through general human decision-making 
 called  Expectancy  – Value  theory  (EV).  The  theory  assumes  that  people  choose  to  achieve  the most 
 desirable and positive outcome and prevent undesirable and negative outcomes (Shepherd & Sparks, 
 1994). 


Food  choices  and  evaluations  reflect  habitual conscious and  unconscious  decisions.  These  decisions 
can be categorized into series of individual defined values ((Connors, Bisogni, Sobal, & Devine, 2001; 
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Furst, Connors, Bisogni, Sobal, & Falk, 1996). To illustrate this process (Furst et al., 1996) developed 


"The food choice process model" (Figure 5) which is further investigated by Conners et al. in 2001. The 
 model  is  based  on  qualitative  empirical  studies  and  reflects  that  consumers  in  the  post-industrial 
 societies  are  faced  with  many  opportunities  in  different  situations,  which  makes  the  food  choice 
 complex (Connors et al., 2001). 


Figure 5: The food choice process model (Furst et al., 1996). 


The  model  (Figure  5)  illustrates  that  ideals,  personal  factors,  resources,  social  factors  and  context 
 influence food choices during a lifetime.  


The food choice process model operates with a personal food system consisting of two processes; value 
negotiations  and  development of  experience-based strategies.  The  investigation  by Connors showed 
that  these  strategies  are  a  classification  of  foods,  eating  situations,  prioritizing  between  conflicting 
values  of  different  eating  situations  and  balancing  priorities  by  the  individual  defined  time  frame 
(Connors  et  al.,  2001).  In  the  value  negotiation  process  all  considerations  are  considered  and  are 
related  to  the  value  labels health,  taste,  cost,  convenience  relationships,  managing  and other  in  the 
model. These values are often in conflict with each other thereby ‘forcing' the consumer to prioritize 
between them  (Connors et al., 2001). The most prioritized values depend on the  context  where  the 
food  choice  process  takes  place.  Value  negotiations  will  further  be  incorporated  during  the 
development of experience-based strategies. These strategies will make it easier for the individual to 
make a food choice in different situations (Furst et al., 1996). Furthermore the strategies can be used 
within  one  meal  but  also  over  a  longer  time  period  to  handle  the  personal  set  of  values  through 
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categorizations of food and situations (Connors et al., 2001). The model thereby shows in a heuristic 
 approach  the  complexity  of  the  food  choice  process.  Investigating  consumer’s  accept  of  functional 
 foods in a heuristic approach can be valuable as it attempts to evaluate from a consumer perspective. 



2.6  Acceptance of functional foods 


Consumers  acceptance of foods and the measurement  there of  is described as: “a phenomenological 
 experience,  best  categorized  as  a  feeling,  emotion,  or  mood  with  a  defining  pleasant  or  unpleasant 
 character.  As  it  is  a  subjective  construct,  measurement  of  food  acceptance  relies  on  the  use  of 
 psychometric, psychophysical, and/or behavioral methods” (Sijtsema et al., 2002). Parameters such as 
 nutritional  knowledge,  quality  perceptions,  purchase  situation,  recommendations  and  product 
 expectations have influence on acceptance (Bornkessel et al., 2011; K. G. Grunert, 2010; Zhang et al., 
 2010).  Several studies have  shown  that consumers  perceive information about  nutrition  and health 
 very differently (Wansink, Westgren, & Cheney, 2005). Acceptance of food is connected to food choice 
 and  preferences  and  is  therefore  among  others  dependent  on  situational  factors  such  as  time  and 
 place,  demographic  factors  as  well  as  cultural,  political,  social  and  religion  variables  (Siegrist  et  al., 
 2007; Zhang et al., 2010). 


The following section will provide a framework  for understanding consumers acceptance related to 
 functional  food.  The  selections  of  acceptance  studies  performed  on  functional  meat  products  are 
 limited.  This  framework  will  therefore  have  its  origin  in  acceptance  of  functional  foods  in  general. 


Bornkessel et al. classified three categories of consumer acceptance of functional food products and 
 their  ingredients  (Figure  6).  These  were: consumer  characteristics,  purchasing  situation  and product 
 characteristics  (Bornkessel  et  al.,  2011),  which  seems  to  be  inspired  by  Randall  and  Sanjur’s  model 
 from 1981 on factors influencing food preferences. To use different theories and studies in a clarifying 
 way, the three key concepts adapted from Bornkessel et al. will outline the structure, despite that the 
 concepts crosstalk and interact in many orders. 


Figure 6: Influence factors of consumer acceptance (adapted from (Bornkessel et al., 2011) 



(30)Background



30


2.6.1  Consumer characteristics 


As  mentioned,  consumers  have  initially  neophobia  with  regards  to  unfamiliar  foods, even  when  the 
 consumers believe the functional foods have healthy qualities. It is stressed that consumers in Europe 
 are more critical towards functional foods as compared to North Americans. This is underlined in the 
 market sale numbers for functional foods. In general the central and northern parts of Europe, with 
 exception  of  Denmark,  are  paying  more  attention  to  functional  foods  than  the  Mediterranean 
 countries. However, the Danish consumers are among the most suspicious towards functional foods in 
 Europe and judge them as unnatural and impure foods see (Siro et al., 2008) for review, (Zhang et al., 
 2010).  


A  study  examining  consumer  attitudes  towards  functional  foods  showed  that  seven  factors  were  of 
 importance (Urala & Lähteenmäki, 2004): 


1.  Reward from using functional food. 


2.  Confidence in functional food. 


3.  Necessity for functional food. 


4.  Functional foods as medicine. 


5.  Functional food as part of a healthy diet. 


6.  Absence of nutritional risk in functional food. 


7.  Taste of functional foods. 


Of these seven factors the first “reward from using functional foods” had most influence on consumer 
 readiness. Risk perceived by the consumers had no effect on the general attitude towards functional 
 foods (Urala & Lähteenmäki, 2004) 


In  general  there  have  not  been  identified  socio-demographic  variables  on  acceptance  of  functional 
foods. There seems to be a contradiction between studies and accept are more product specific. The 
type of additive and moreover the combination of product and additive are important (Lähteenmäki, 
Lyly, & Urala, 2007; Poulsen, 1999). Poulsen (1999) has investigated the attitude in Denmark towards 
functional foods. The most accepted product was vitamin D-enriched dairy product and fiber-enriched 
bread. However many consumer perceive calcium and vitamin D-enriched bread products positively 
as well. Only a minority favored fortification with omega-3 and fiber in dairy products (Poulsen, 1999), 
which highlights that attitudes and accept of functional foods are product dependent. 
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