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Introduction and G eneral C onsideration .

It is a w ell known fact that certa in  m a ter ia ls , like fish  silage, fish m eal, 
cod  l iv e r  o il ,  and vegetable products containing easily  ox id ized  fats may 
cause o f f - f la v ou r  as well as d isco lo ra t ion  o f  pork, when used as pigs feed. 
The influence o f  d ifferent feeding on fatty ac id  com p osit ion  of pork  fat was 
v ery  early  recogn ized . F o r  early  data see e.g . HALDEN-GRÜN (1929 ). M ore 
recent w ork in this f ie ld  has been published by BEADLE & al. ( 1948 a & b ) .

The o f f - f la v o u r  o f pork and bacon may have d ifferent ca u ses . H ydro lys is  
m ay, fo r  instance, play a ro le  in ca ses  w here orig in a l o r  m ic ro b io lo g ica l ly  
produ ced  lipatic enzym es are  present. A s a rule the dominating cause of 
rancidity  o fp o r k i s  oxidation reaction s . E n zym es , p articu lar ly  L i p o x y d a s e ,  
seem  to be able to a cce le ra te  oxidation reactions  in pork  fat, just as has 
e a r l ie r  been shown in other fats by BERGSTRÖM  & HOLMAN ( 1948), HOLMAN 
& BERGSTRÖM ( 1951 ), FRANKE ( 1951 ) and FREDHOLM  ( 1955 ). S om e
tim es o f f - f la v o u rs  of d ifferent o r ig in  may be present, which w ill make the 
organoleptic  tr ia ls  d ifficult to interpret.

There seem s to be little d if feren ce  between the oxidation reaction s  o c c u r 
ring, for  instance, in butter, as studied by FREDHOLM  ( 1955 ) and others, 
and the corresp on d in g  reaction s  in pork  fat. P r in c ip a lly ,  there is no diffe - 
ren ce  whether the pork  fat is iso la ted  or  o c c u r s  in natural t issue. The v e lo 
city  o f  reaction  is v ery  much influenced, though. In the tissue and, to som e 
extent, in m olten  lard , too, o ccu rr in g  substances with antioxidative p rop er t ie s  
play a rô le  as w ell as the ratio surface  volum e and the quantity o f  absorbed  
and adsorbed  oxygen. Tem perature  has, o f  cou rse ,  a great influence on 
reactions  o f the kind in question.

The reaction s  o f  pork  fat, which have in com m on  that h y d roperox ides  are 
fo rm e d  as interm ediate  products , a re  o f  greatest  in terest, because  they w ill
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result in o f f - f la v ou rs  of the type often d escr ib ed  as o ily  o r  fishy. P rin cip a lly , 
all fatty acids of pork fat may undergo oxidation, beginning with the form ation  
o f  h yd roperoxy -com p ou n d s . The reactions of the saturated fatty acids are of 
the sam e type as the autoxidation of h ydrocarbons:

C H , ( CH_) . COOH + H . CHO 3 ' 2 'n

c h 3 + O

i. e. the /3 -o x id a t io n  is the dominating reaction  here , too. The v e loc ity  of 
this reaction  in lard  or  pork fat in natural tissue, as com p a red  to the oxida
tion reaction s  o f  unsaturated com pounds of the fat, is so slow  that the reac - 
tion will play a ro le  only in v ery  highly ox id ized  products.

The oxidation o f m onoetenoide com pounds like o le ic  a c id  has been studied 
by FA R M E R  (1942 ), FA R M E R  & al. (1942 ), HOLMAN & al. (1954), ROSS & al. 
( 1949), KHAN & al. (1951), MAX & DEATHERAGE (1951), SWIFT & al. ( 1946), 
SWIFT St D O LLEA R  (1948 ) and SWIFT St al. (1948 ). The rate of oxidation of 
o le ic  acid  without ca ta lyzer  at 37° C is 0, 08 m ol 0^ per m ol o le ic  in 100 h 
a ccord in g  to HOLMAN St E LM E R  ( 1947 ). In m olten lard  the v e loc ity  of the 
correspon d in g  oxidation reaction  seem s to be somewhat grea ter  and in natural 
fat t issue o f  pork s low er. The part o f this w ork which con cern s  reaction  
v e lo c it ie s  in question is not yet finished. The reactions seem  to fo llow  the 
general sch em e: (1) F orm ation  o f h y d rop eroxy o le ic  ac id  g ly ce ro l  e s te rs  from  
o le ic  e s te r  and m o le cu la r  oxygen; (2) The h y d rop eroxy o le ic  e s te rs  are 
d ecom p osed  with form ation  o fo(,/3-unsaturated ca rb o n y l-co m p o u n d s ,  am ongst 
which 2 -undecenal has been found.

The oxidation o f  conjugated as w ell as non -con jugated  polyetenoide fatty 
acid  com pounds play a much m o re  im portant ro le  in the studies at hand. 
HOLMAN Si E LM E R  ( 1947 ) found the follow ing oxidation rates for  fre e  fatty 
acids  with one, two or  three non -con jugated  double bounds without catalyzing 
agent.
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Table 1.

A cid Oxygen absorbed  per 
m ol acid  at 37°C in 
m ol C^/h

Oleic
L inole ic
L inolenic

0 .0008 
0.0220  
0. 0618

The main reaction  involved the form ation  of hydroperoxy  com pounds.

When the double bounds are conjugated the reaction  v e loc ity  will norm ally  
grow. Conjugated t r ie n e -e s te rs  oxid ize  fa ster  than do non-conjugated  tr iene- 
e s te rs ,  as was f irs t  shown by MYERS & al.(1941 ). As far as pork fat is 
concerned , there are exceptions fro m  this rule of the same type as d escr ib ed  
by ANDERSSON ( 1950 ) in a study of methyl linoleate.

F re e  fatty acids are faster ox id ized  than their g ly ce ro l  e s te rs .  The rate 
o f  oxidation seem s to be between 1, 5 and 2 tim es higher fo r  the free  fatty 
acids o f  pork  fat than fo r  their g ly ce ro l  e s te rs ,  or  in the same ord er  as 
found by HOLMAN & E LM E R  (1947) in a study o f the oxidation o f unsaturated 
fatty acids and som e of their s im ple es te rs .

P igs  are able to deposit g ly ce ro l  e s ters  of fatty acids , which do not 
norm ally  o c cu r  in pork  fat. Even fatty acids of the peculiar type o ccu rr in g  in 
fish fat and o ils  o f  vegetable or ig in  may be deposited  in the fatty tissue of 
pork and rem ain  there for  a cons iderab le  time. In this way v ery  highly unsa
turated and, there fore , easily  ox id ized  fatty acids are  incorporated  with the 
pork fat. There is reason  to believe that even sm all amounts o f  such fatty 
acids may strongly alter the keeping qualities of pork, as far as rancidity is 
concerned . During the cou rse  o f this work we have a lso  found that such, as 
pork fat com ponents abnorm al, highly unsaturated and easily  ox id ized  fatty 
acids, once incorporated  into the fat tissue of the pig, may rem ain  there for  
m ore  than four months, m aybe considerab ly  longer. Detailed results of 
chrom atographic  studies in this resp ect  will be published elsew here .

M ateria ls  and Methods

This report  deals with results  obtained with 1.631 pigs, d e livered  for  
slaughter at the abattoirs of the Stockholm -GSvle Slakterifdrening. The work
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has been ca rr ie d  out during the y ea rs  1953-1960. Some pre lim inary  results 
have been reported, FREDHOLM ( 1957 ). A ll of the pigs have been follow ed 
in regard  to feeding stuffs used. Some reservation  must be made as to the 
re liab ility  o f the feeding stuff control. In any case  no ob jection  can be ra ised  
against 1. 112 ca ses ,  i. e. 70 % of the m ateria l, and in m ost of the remaining 
ca ses  ev. ob jections are res tr ic ted  to details of feeding which are likely to be 
without im portance.

The pigs w ere  divided into four groups. The feeding of each group was 
care fu lly  controlled . A c lo se  connection  to p ra ct ica l  feeding was pursued. 
Since the influence of fish fat is w ell known and has been d escr ib ed  many 
tim es, e .g .H A L D E N  & GRÜN (1929 ), LAND0KONOMISK FO RS0G SLABO RA- 
TORIUM (1951, 1952 ), GARTON & al. (1952 ), ASKÔE & M ADSEN (1954 ) and 
H E LLBE R G  & al. (1956 ) no specia l fish diet group was included.

In m ost w estern  countries the kind o f pigs feed  is of im portance which is 
produced  by privately  or m unicipally  owned plants which s ter il ize  food -w aste  
fro m  households, restaurants and alike on a big sca le  by cooking. Because 
the food -w a ste  com es  fro m  many sou rces  it has a rem arkably  constant c o m 
position. Here this kind of feed  is ca lled  Vastberga feed  fro m  the name of the 
m ost  important plant of this kind in Sweden. One o f the groups, group I, of the 
pigs w ere  fed Vâstberga feed  together with grain, skim m ilk and vitam ins.

Group II was fed food  -  waste d irect ly  de livered  fro m  big co m m e rc ia l  
kitchens and fi6h -sh ops  together with c o m m e rc ia l  dry pigs feed m ixtures but 
no Vastberga feed.

Group III was given grain, skim m ilk, potatoes and food -w aste  fro m  farm  
household.

Group IV was fed grain, skim m ilk and potatoes. No kind of fo o d -w a s te  
was used in this group.

Details o f  feed  com posit ion  will be given below in ca ses  where they might 
be of specia l interest.

Most sam ples belonging to group I emanated fro m  big pigs fa rm s. 15 
b reed ers  have given full p articu lars  concerning the com posit ion  of the pigs 
feed  used. In this group 752 sam ples fro m  as many hogs have been examined.

V âstberga" pigs feed  has been given in varying quantities. Young pigs have 
been fed 0, 5 to 5 kgs per day, and this ration was ra ised  to 1 to 9 kgs during
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the fattening period . During the last four weeks be fore  slaughter 1 to 8 kgs 
per day w ere  given. B esides  " V&stberga" pigs feed  the pigs w ere  given grain, 
skim m ilk, sm all quantities of dried  herring  powder or dried  tankage, ordinary 
pigs feed  m ixtures and so ca lled  pigs feed  concentrates consisting of m inera l 
com ponents, vitamin A and tocop h ero ls . Table 2 below illustrates in detail 
the com p osit ion  of a typical feed  for  pigs belonging to group I.

Table 2.

F eed  used in a big pigs fa rm  belonging to group I.

Young pig p er iod Fattening period
Tim e im m ediately  
b e fore  slaughter 
(approx. 4 weeks )

F eed K g/day  and pig K g /d a y  and pig K g /day  and pig

Grain 1 1,5 2
Skim milk 0, 5
F is h -o r  herring 
powder

1 table spoon 1 table spoon

"V& stberga" pigs 
feed 2 - 3 4 5
P ig s  feed  concent
rates containing 
A -v ita m in s  and 
tocop h ero ls

0 ,2 0 ,4

Group II contains 240 p igs, i .e .21 , 6% of the total number of pigs included 
in the experim ents . The kinds of feed  m entioned in table 2 w ere  used in group 
II too except the V & stberga-feed  which was exchanged to the abovem entioned 
food -w aste .

Since there was no need to have a big m ateria l in the groups III and IV 
because these two groups served  to give a com p a r ison  m ateria l in the f irs t  
hand, and could very  easily  be com pleted , only 71 pigs (6, 4% of total ) w ere 
used in group III and 49 pigs ( 4, 4% of total ) in group IV.

A fter  slaughter and sampling as d escr ib ed  below  900 c a r c a s s e s  w ere 
frozen  and kept co ld  stored  at -2 5  C fo r  up to 23 months. During co ld  storage 
sam ples have been taken after 1 week, 2 -3  weeks, 2 months, 6- 7, 10 -11 and 
22 -  23 months.



Im m ediately after slaughter and at intervals during storage a sample, 
2 - 3  cm  wide, is ca rved  from  the tail root toward the croup through the layer 
of depot fat. The sam ples w ere  frozen  at once and kept at -2 3 °C .  This 
sampling d iffers  only in details fro m  the one used by ASKOE & MADSEN 
( 1954 ). L aboratory  work was then c a r r ie d  out as d escr ib ed  below.

The thiobarbituric acid  method orig inally  dev iced  by KOHN & LIVERSEDGE 
( 1944 ) and studied by BERNHEIM & al. ( 1947, 1948 ), WILBUR & al. ( 1949 ), 
GLAVIND & HARTMANN ( 1951 ) and ASKOE & MADSEN ( 1954 ) was found 
to be suitable fo r  the purpose o f  this work. A  m odification  of the method 
d escr ib ed  by ASKOE & MADSEN ( 1954 ) was used to get a co lo r im e tr ic a l ly  
m easurab le  aldehyde test. In details the test was ca r r ie d  out as fo llow s;

Two hours after the sam ples had been frozen  a cy lin d r ica l  ro ll , 6 m m  dia
m eter , o f  fat was bored  out. With a tw o-b lades knife 4 p ie ces ,  7, 5 m m  long, 
w ere  cut fro m  the cy lin drica l ro ll . The p ie ces  w ere  p laced  in P y r e x t e s t  tubes.
10 ml fresh ly  made reagent, consisting  of equal parts of 0, 0 4 -  m  Na- thiobar- 
biturate and 0,065 -m H C l  with pH = 2,0 was added. The tubes w ere  equipped 
with condensing bulbs and kept fo r  one hour in a boiling water bath. Then the 
liquid was poured into cy lin d r ica l  cuvettes and centrifuged fo r  10 min. at 3200 
rev. per minute. A fter  cooling  to 20°C the tran sm ission  of light o f  5350 A was 
m easu red  in a Bausch & Lom b Spectronic  photom eter.

The organoleptic  tests w ere  ca r r ie d  out as fo llow s. One m m  thick s l ices  
w ere  ca rved  fro m  the frozen  sam ples o f  fatty tissue. The s l ic e s  w ere  dipped 
into a saturated sodium  ch loride  solution for  15 min. Then they w ere  roasted  
in an e le c t r ic  oven at 200 -  225 C. The taste was tested by at least two, as a 
rule 5 people, accu stom ed  to tests o f  this kind. In o rd e r  to diminish the 
uncertainty o f  tasting only 3 c la s s e s  w ere  used, namely:

1. Distinctly o ily  or  fishy o f f - f la v ou r
2. Slightly " " "  " "
3. No " " " " 11

730 tests for  taste w ere  ca r r ie d  out on the 1631 sam ples m entioned above.

Determ ination of the quantity o f  active oxygen, i . e, hyd roperox ides , was 
p e r fo rm e d  in the following way.

^  6-

About 1 g finely cut fatty tissue was exactly  weighed and shaken for  two 
minutes with an acetic  acid  -  c h lo r o fo r m  m ixture (2:1). Then 1 g of potassium  
iodide was added. The m ixture was heated to boiling, then im m ediately  coo led



to ro o m  tem perature and titrated with 0, 01 -  n Na^S^O^. Then hydroperoxide  
content o f  the sam ples is ex p ressed  as m gs o f  active oxygen per 1000 g of 
fatty tissue.

Iodine num bers w ere  determ ined  accord in g  to 'gen era lly  accepted  method.

Results

In o rd e r  to judge the possib ility  o f com paring  d irect ly  the resu lts  of the 
light tra n sm iss ion  m easurem ents  with those of the taste -test ing  which are 
few er , the results  have been divided into groups, each group com p ris in g  
resu lts  within 5 units o f  the tran sm ission , a ccord in g  to the photom eter sca le  , 
table 3.



Table 3.

Distribution of values

of tran sm ission  and taste in %

Light T ra n sm iss ion Number o f  light trans- Tests Diff.
m is  sion m easurem ents for

% in each group taste
groups % %

1 -  5 1 ,7 3, 6 + 0, 7
6 -  10 11,7 46, 1 12, 8 45, 4

*

11 -  15 16, 0 15, 2
16 -  20 16, 7 13, 8

21 -  25 14, 1 12, 2
26 -  30 10, 5 38, 9 7 ,7 35, 4 + 3, 5
31 -  35 7 ,5 8 ,5
36 -  40 6, 8 7 ,0

41 - 45 6, 2 7 ,2
46 -  50 4, 1 13,7 4, 5 17, 1 -  3 ,4
51 - 55 2 ,2 3 ,8
56 -  60 1,2 1, 6

61 -  65 0, 5 1, 1
66 -  70 0 ,4 1,3 0, 5 2, 1 -  0, 8
71 -  75 0 ,4 0, 5
76 - 80 - -

The tests fo r  taste are con s id ered  to be representative  of the total 
quantity of sam ples in rega rd  to the subjectiv ity  of the tests for  taste.

A ll  c a r c a s s e s  of the four groups have within each group been co l le c ted  
in c lu sters  each of which com p ris in g  5 units o f  light transm ission . 
Table 4 and the cu rves  fig. 1 show details .

A ll pigs c a r c a s s e s  which have been taste tested  have been co l le c ted  
into c lu ste rs  too accord in g  to light tra n sm iss ion  o f  sam ples , fig. 2 and. 
table 5.



D istr ib u tion  o f  light tra n sm iss io n  v a lu es  in feed in g  g rou p s I to IV o f p igs.
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Detailed examination o f  m ateria l f r o m  separate sw ineries  has been ca rr ie d  
out. A  typical feeding schem e used at a swinery belonging to group I is given 

in table 6.

Table 6.

Feeding schem e b reed er  A, group I, 52 pigs.

Young pigs Fattening Four weeks

p er iod p er iod b e fore  slaughter

F eed K g /d a y  and pig K g /d a y  and pig K g /d a y  and pig

1. Grain 1 1 ,5 2
2. Skim m ilk 0 ,5 None None
3. Whey None None None
4. Potatoes It II II

5. R oot c rop s II II II

6. Meat or  b lood  powder II II II

7. F ish  pow der 1 ta b le -spoon 1 ta b le -sp oon It

8. F ish silage or  
fresh  fish None None II

9. F a rm  food -w a ste II II II

10. C od l iv e r  o il II II It

11. VcLstberga pigs feed 2-3 4 5
12. C o m m e rc ia l  pigs feed None None None
13. C o m m e rc ia l  pigs feed 

concentrates , co n s is t 
ing o f  m in era l 
com ponents, vitam in A 
and tocop h ero ls

0, 2 0 ,4 II

Table 7 g ives  the resu lts  o f  light tra n sm iss ion  m easu rem en ts  and taste tests 
f r o m  this particu lar  m ateria l , in the table ca lled  A, as w ell as f r o m  3 other 
sw ineries  o f  the sam e kind, in the table ca lled  B, C and D.



Table
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F o r  sw ineries  belonging to group II a typical feeding schem e is given in table 
8, and the correspon din g  results  of light tran sm ission  m easurem ents and taste 
tests are  co l le c te d  in table 9.

Table 8.

Feeding schem e b reed er  J, group II, 100 pigs.

F eed

Young pigs 
p er iod

Fattening
p er iod

Four weeks
be fore
slaughter

K g /d a y  and pig K g /d a y  and pig K g /d a y  and pig

1. Grain 1 2 2
2. Skim m ilk 2 1 1
3. Whey None None None
4. Potatoes 1 2 3
5. Root c rop s 1 2 None
6. Meat o r  b lood  powder None None None
7. F ish  powder tf II II

8. F ish  silage o r  fresh  fish It II II

9. F ood -w a ste 2 4 4
10. Cod l i v e r  o il 0, 01 0, 015 None
11. VcLstberga pigs feed None None II

12. C o m m e rc ia l  p igs feed II II It

13. P igs  feed  concentrates 0, 20 0, 20 0, 20
14. Wheat bran 0, 10 0, 10 0, 10
15. M ineral m ixture ( 80 %

C aC O j + 20 % tocop h ero l 0, 02 0, 04 0, 04
o il  )

-





The sam e detailed examination of m ater ia l f r o m  separate sw ineries  has 
been c a r r ie d  out in the groups III and IV. As has been pointed out already 
these two groups have much in com m on , and with few exceptions show high 
light tra n sm iss ion  and no o f f - f la v ou r  in fatty t issue fr o m  c a r c a s s e s .  The 
exceptions are  connected  to ca se s  where pigs have been in corporated  into the 
groups at a late date correspon d in g  to live weights o f  20 kgs or  m ore . It is 
interesting to see that in all such ca ses  rep orted  ( in group II, 5 pigs ) light 
tra n sm iss ion  o f  fat is below  the m ean value, which is 44 %. The two low est 
light tra n sm iss ion  values of group II ( 27 and 29 % resp . ) are two of these 
ca se s .  The statistica l m ean value o f  group IV is 52 %.

A ll  determ inations of h yd roperox ides  ca r r ie d  out on sam ples co lle c ted  
im m ediate ly  after slaughter gave quantities below  l»*g of active oxygen per kg 
o f  fatty t issue or  le ss  than 0 ,001 m g of active oxygen per gram  fatty tissue.

The study o f the changes o ccu rr in g  during co ld  storage o f  pork was 
p e r fo rm e d  as fo llow s. F r o m  the 900 pigs c a r c a s s e s  fro ze n  and kept at -2 5 °  C 
fo r  up to 23 months, as reported  above, 2. 148 sam ples w ere  co l le c te d  during 
storage.

In table 10 the resu lts  o f  determ inations of light tra n sm iss ion  during co ld  
storage are co lle c ted . The table shows the number of sam ples with in crea sed  
or  d e cre a se d  light tra n sm iss ion  and g ives the m ean values o f  the in crea se  or 
d e cre a se  com p a red  to the values found im m ediate ly  after slaughter. Unchanged 
values are not included, i. e. all ca se s  w here light tra n sm iss ion  was found to 
be the sam e during co ld  storage  as im m ediate ly  after slaughter. The number 
of these ca s e s  was 79 or  scant 4 %. F ig . 4 rep resen ts  the statistica l m ean 
value o f  changes o f  light tra n sm iss ion  to or ig in a l light tran sm ission .

Table 11 g ives the corresp on d in g  d istribution  in num ber p er  cent of the 
product of m ean value o f  light t ra n sm iss ion  change into num ber o f  sam ples . 
The double setting en c lo se s  those light tra n sm iss ion  c lu s te rs  which represent 
10 sam ples  or  m ore .
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It might be of som e interest to show the changes o f  light transm ission  in fatty 
tissue from  pigs belonging to separate sw ineries within a certa in  feeding group 
F ro m  the m ost interesting feeding group I table 12 gives the light transm ission  
values obtained during co ld  storage fo r  11 months, o f  pork deriving fr o m  som e 
separate sw ineries .

Table 12.

Light tran sm ission  changes in pork fr o m  separate sw ineries 
belonging to feeding group I. C old  storage -2 5 °  C.

0 days 2 -3  weeks 2 months 6-7 months 1 0 - l i  months

B reed er  S
Number o f  sam ples 119 48 89 94 21
Mean value o f  light 
transm ission 19 9 19 21 17

B reed er  D
Number o f  sam ples 18 18 18 _ . 18
Mean value o f  light 
transm ission 28 17 28 - 20

B reed er  M
Num ber of sam ples 23 16 23 23 _

Mean value o f  light 
transm ission 11 6 12 11 -

B reed er  N
Number o f  sam ples 38 24 47 11 23
Mean value of light 
transm ission 17 20 19 22 24

B reed er  O
Number o f  sam ples 21 17 21 26 6
Mean value of light 
transm is sion 28 20 28 30 26
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During co ld  storage o f  pork  h ydroperox ides  are form ed . Table 13 contains 
som e values of active oxygen determ ined during co ld  storage at - 2 5 ° C  of pork 
fo r  up to 23 months. In every  here reported  ca se  the initial value ( im m ediately  
after slaughter ) o f  h ydroperox ides  was low er  than correspon d in g  to 0, 001 mg of 
active oxygen per g o f  fatty tissue. In the table the values o f  hydroperox ides
content are  d istributed  to light tra n sm iss ion  values obtained im m ediately  after 
slaughter.

Table 13.

H ydroperox ides  content o f  pork  wich has been co ld  s tored  fo r  23 months.

Original
light
trans
m iss io n

%

<  1 1-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100 101-110

b[ydrop erox id es  as active oxygen in mg per kg o f fatty tissue
1 -  5 2 1 1 1 1
6 - 1 0 3 2 3 2 1 2

11— 15 4 4 9 4 2 1 2 1 1
16 -  20 9 5 5 1 4 1
21 -  25 11 10 5 3 1 1 1 1
26 -  30 4 8 5 6 2 2
31 -  35 3 2 9 2 1 2
36 -  40 4 2 6 4 3 1 1
41 -  45 3 1 2 1 1
46 -  50 3 5 2 2 1
51 -  55 2 1 1
56 -  60 1 1 1 2 1
61 -  65 2 1
66 -  70 1 1 1
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Table 14 contains found hydroperoxide  quantities d is tr ib u ted  on light t r a n s 
m iss io n  m ea su red  at the same time as hyd roperox ides .

Table 14.

Quantities o f  h ydroperox ides  as active oxygen in m g /1 00 0  g after 23 months 
o f co ld  storage in relation  to light tra n sm iss ion  m ea su red  at the same tim e .
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In table 15 the in crea se  or  d e crea se  of light transm ission , determ ined  after 
23 months o f co ld  storage , is given. F o r  com p a r ison  the values of light trans
m iss ion  determ ined  im m ediately  after slaughter are contained in the table too.

Table 15.

In crease  or  d e crea se  o f  light tra n sm iss ion  after 23 months o f  co ld  storage, 
in relation  to light tra n sm iss ion  im m ediate ly  after slaughter.

O rig inal light 

%

tra n sm iss ion Increase D ecre a se Unchanged

1 5 6
6 - 10 10 3

11 - 15 12 16 1
16 - 20 15 8 2
21 - 25 10 20
26 - 30 7 18 2
31 - 35 5 14
36 - 40 6 14 1
41 - 45 3 6
46 - 50 2 11
51 - 55 1 3
56 - 60 6
61 - 65 3
66 - 70 3
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D I S C U S S I O N  .

The data reported  have been statistica lly  treated in o rd er  to state whether 
statistica lly  significant d if feren ces  exist between.

1_ Light tra n sm iss ion  and feeding
2 Taste and light transm ission
3 C old  storage and light tra n sm iss ion
4 H ydroperox ide  content and light tra n sm iss io n ,  and
5 Iodine values and light tra n sm iss ion .

A ll under the conditions given. F o r  securing, the w ell-know n tests w ere used j.e.

1. Light tra n sm iss ion  and feeding:

X à x

n l  i j  +
n 2  h +  . . . .

X
n l  + n 2

+  . . . .

2
S - -  X )  2

II1—H
O

" l  < * 1 -  X  ) ^  + n _ , ( x 2  -  i  )  2  +

o
N

II

2
n l  S 1 +

2
n 2  S 2

+  . . . .

1 - r O ,
TT - r  -  1 W 1

1

Q 2n  -  r

* 1  - X  2

\ln x i  +

2s x 2

V  n - r ‘
n -  1

X2

x i x 2
In 2 

W  x i  s  x i

2
+  n s Xy x2 2 ( 1 .

B )  
x 2

1/ n + n
V X1 x 2

-  2 '
- Tn

X1

where
r = groups

n = observations

F, A , t, = tests.



F o r  ev ery  group the following data have been calculated:

G r o u p I II III IV

= 7 52 n^ = 240 n 3 = 71 n 4 = 49

£ x j  = 1 58 1 0 ^ x 2 = 8 0 7 5 } _ x 3 = 3 26 0 Z x 4 = 2 5 8 0

x  j = 21 ,  0 x 2 = 3 3 , 6 x 3 = 4 5 ,  9 x 4 = 5 2 , 1

= 8 0 , 8 3 s 2 = 1 5 8 ,2 1 s 3 = 1 2 6 , 6 3 s 4 = 1 3 4 , 8 0

x ? 26, 70 

Qj = 95155

3 2 = 114363

F -te s t  variation  analysis ov er  all data gives:

Hypothesis H : x . = x_ = x .  = x„o 1 2 3 4
F = 307

FcK fo r  CX = 0, 005 and 3 d egrees  o f  fre e d o m  in num erates and 1108 
d egrees  of fre e d o m  in denom inator = 4, 35 i. e.
P ( F >  4, 35 ) = 0, 005

\* F - te s t  g ives  a strong significant d ifference  between the groups 

The /*) -m eth od  of statistica l analysis shows:

Hypothesis H : x , = x~ o 1 2

■ 14- 3

+ 2, 56 fo r  o (  = 0, 01 . significant d if feren ce  between x^ochx^

H ypothesis Hq : x -, =

A 2 -7 ,  9 V  significant d if feren ce

H ypothesis Hq : = x  ̂ =

/\  -j = -3 ,  16 V  significant d if fe ren ce  

C onclu sion  1) :

Statistica lly  significant d if fe ren ces  exist between the four groups as to 
tra n sm iss ion  of light.



2. Taste and light transm ission :

Statistical investigations.

D istinct o ily  o r  fishy 
o f f -  flavour

Slight
off

oily  o r  fishy 
- flavour

No oily  o r  fishy 
off -  flavour

n  ̂ = 186 n2 = 251 n3 = 293

= 13,7 X
2

= 2 1 ,9 x 3 = 4 1 ,5

s* = 37 ,98 2
s2 = 7 2 ,8 6 s\ = 152,39

= 2540 2T x 2 = 5505 I  x 3 = 12165

Q 1 = 100698 X
X

20204 27, 68
730

° 2 = 70002

The F -te s t  g ives:

H ypothesis: H : x . = x_ o 1 2 = X 3 F c <  = 0, 005 = 5’ 40
fgt = 2

F = 522 fgn = 729

The F -te s t  g ives a strong significant d if feren ce  between the light trans - 
m iss io n s  o f  the three taste ca teg or ie s .

The A - t e s t  gives:

Hypothesis H : x , = x 0O I L

^  l = /g^ = 0 , 0 1  = -  * significant d if fe ren ce  between x̂  och

2 = 23, 0 V  sign.

C onclu sion  2) :

Statistica lly  significant d if fe ren ces  ex ist between the taste ca teg or ies  as to 
t ra n sm iss ion  o f  light.

3. C old  storage and light transm ission :
A s im ila r  statistica l investigation c a r r ie d  out on data f r o m  m easurem ents 
during co ld  storage  shows:

C old  storage  time L i g h t  t r a n s m i s s i o n
1 -  35 36 -  70

1 week 
2 - 3  weeks
2 months 
6 - 7  months 
1 0 - 1 1  months

no sign. diff. 
no sign. diff. 
no sign. diff. 
sign. diff. + 
no sign. diff.

no sign. diff. 
sign. diff. 
no sign, diff 
no sign. diff. 
sign. diff.
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C onclusion  3:

There is a significant in crea se  in light transm ission  values after 6 to 7 
months o f  co ld  storage of fatty tissue o f  pork  which has an orig inal light 
tra n sm iss ion  low er  than 35 %.

Fatty tissue of pork having a higher light tra n sm iss ion  than 35 % ( 35 to 
70 % ) shows a significant d ecrea se  o f  light tra n sm iss ion  after 2 to 3 weeks 
and 10 to 11 months o f  co ld  storage.

4. H ydroperox ide  content and light transm ission :

The data used for  statistica l investigation have been divided into two 
ca te g o r ie s ,  nam ely those consisting  o f  light tra n sm iss ion  values between 1 and 
35 and those between 36 and 70.

Calculations:

I II
n x = 151 nII = 58

x 1 = 2 1 ,6 *U = 20, 5

s^ = 458 2
8II = 325

Hypothesis Hq : Xj Xjl , t -  test :

t = 0, 35 t
ck =

= 2 ,5 8
0, 01

V  no statistica lly  significant d ifferen ce .

C onclusion  4:

No statistica lly  significant d if fe ren ces  ex ist  between the hydroperoxide  
content o f  the d ifferent ca teg or ie s  o f  light tra n sm iss ion  data, i. e. between 
fatty tissue o f  pork  with high o r  low light transm ission .

Iodine values and light transm ission :
A thorough statistica l investigation o f  iodine and light tra n sm iss ion  values 

8hows that there are probable  d if fe ren ces  o f  iodine values in different groups 
o f  light tra n sm iss ion  values, but the d if fe ren ces  are  not great enough to give 
statistica lly  s ign ificant d if fe ren ces  between ev ery  group.



S U M M A R Y  .

Results obtained with 1631 pigs, all of which have been fo llow ed  in regard  
to feeding stuffs used, then slaughtered and co ld  stored , are reported . An 
account o f ch em ica l  reactions involved in rancidity of pork  is given. A specia l 
interest  is devoted to food  waste as a feeding stuff fo r  p igs, and to the 
influence o f  food  waste fr o m  different sou rces  on quality of pork.

31.

O rganoleptic and ch em ica l testing is ca r r ie d  out and details as to taste
and ch em ica l com p osit ion  are given, and put into relation  to feeding. A
m odifica tion  of the thiobarbituric acid  method orig in ally  dev iced  by KOHN &
LIVERSIDE ( 1944 ) and d e scr ib e d  by ASKOE & MADSEN ( 1954 ) is worked
out and used to get a m easurab le  aldehyde test. M onochrom atic  light of

o
the wavelength of 5350 A is used fo r  m easuring  the tra n sm iss ion  of light . 
D eterm inations of the quantity o f  active oxygen, i. e. hyd roperoxyd es , are 
ca r r ie d  out, as well as m easurem ents  o f  iodine num bers.

In the d ifferent feeding groups there is a con s isten cy  of light tra n sm iss ion  
with taste, though not a few sam ples o f  pork  have no o f f - f la v ou r  but a low 
percentage  of light transm ission . If there is an o f f -ta s te  o f  an o ily  or  fishy 
ch a ra cte r ,  light tra n sm iss ion  is low. The upper lim it of light tra n sm iss ion  
for  o f f - f la v o u r  seem s to be about 25 to 30 %.

It is stated that c o m m e r c ia l  feed  m ixtu res  containing 3 or  4 % of not de
fatted f ish m eal, as a rule give low values of the t ra n sm iss ion  of light, even 
if they are only used to som e 0, 2 kgs per day and pig.

The kind o f pigs feed  produced  f r o m  food  waste co l le c te d  and cook ed  by 
sp ecia l plants w ill p ra ct ica lly  always cause o f f - f la v o u r  and low values o f light 
tra n sm iss ion  but not n e ce s sa r i ly  high values of hydroperox ide  content or  high 
iodine values.

Even food  waste fro m  one household  or  restaurant often g ives  off -  taste 
and low values o f  light tran sm ission .

C old  storage of pork  has a m ost  interesting influence on o f f - f la v o u r  and 
light tra n sm iss ion . This influence is up till now unknown. As a rule there is 
a lim it at 20% tra n sm iss ion  o f light. When pork of a light tra n sm iss ion  below 
20 % is co ld  stored  there is an in c rea se , whilst pork  with a light tran sm ission  
above 20 % as a rule w ill show a d e crea se  during co ld  storage. A fter  2 to 
3 w eeks of c o ld  storage this lim it is m oved  low er , but later a higher light 
tra n sm iss ion  value, as high as 45%, is obtained. This higher value w ill rem ain
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for  6 to 7 months. A fter  this time light tra n sm iss ion  will be low er, and revert  
to the orig inal value after one year of co ld  storage.

Statistical investigations show that there are  significant d if feren ces  between 
light tra n sm iss ion  values of the different feeding groups as w ell as between 
light tra n sm iss ion  and o ff-taste . The statistica l investigations a lso  give as a 
result that there is a significant in crea se  o f  light tra n sm iss ion  after 6 to 
7 months of co ld  storage of pork, if the pork has a low light tran sm ission  
( 1 to 35 % ). Fatty tissue o f  pork  which has a h igher light tran sm ission  (36 to 
70 % ) shows a significant d ecrea se  of light tra n sm iss ion  after 2 to 3 weeks 
and 10 to 11 months of co ld  storage.

On the other hand there is no significant d if feren ce  between hydroperox ides  
and light transm ission , nor are there statistica lly  significant d ifferen ces  
between iodine values of every  feeding group studied.
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