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During the last few decades the development o f biochemical ge
netics has caused viv id  interest fo r  the elucidation o f hereditary 
variations in the biochemical p ro file  o f man and domestic animals. 
As fa r  as farm animals are concerned the research a c t iv it ie s  have 
especia lly  taken aim at c la r ify in g  the relations between inherited 
biochemical differences and economically important tra its  such as 
resistance towards infectious diseases, f e r t i l i t y ,  growth rate etc. 
Investigations have shown that individual variations regarding a- 
mong others vitamin and mineral metabolism may be so pronounced 
that they can be c lass ified  as anomalies manifestated as metabolic 
disorders. Typical examples o f th is are vitamin D3 resistant ra
ch itis  in swine (Meyer & Plonait 1968) and Morbus Adema in calves 
(Andresen et a l. 1970, Flagstad 1976). In other cases the bioche
mical individualism fa l ls  within "normal lim its " and can therefore 
only be detected by means o f biochemical analyses o f blood and t is 
sues. In spite o f this such constitutional d ifferences can have 
direct practica l significance fo r  animal husbandry. In th is con
text the considerable breed differences in copper requirement in 
sheep deserve mentioning (Wiener et a l. 1978).

The aim o f the investigations to be described here was to con
tribute to the elucidation o f individual variations in ascorbic a- 
cid synthesis and trace element metabolism in swine determined by 
means o f blood analyses. In this connection i t  should be mentioned 
that the plasma ascorbic acid concentration has been proved to be 
an acceptable measure o f ascorbic acid status (Sauberlich 1975). 
Likewise, i t  has been shown that analysis o f plasma or erythrocytes 
can be used to evaluate the status o f animals regarding several 
trace elements (c f.  Underwood 1971).

Material and methods

The investigations were carried out with swine o f Danish Land- 
race. The main part o f the animals were housed on progeny testing 
stations and comprised four pigs from each l i t t e r ,  two females and 
two castrated males. Samples from these pigs were taken in the age 
in terval 11-15 weeks, blood samples were taken from v. cava cran. 
These pigs were reared under exactly identical climatic conditions. 
The ration used contained only traces o f ascorbic acid but was fu l
ly  adequate regarding other nutrients. Besides the plasma ascorbic
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acid concentration was determined in samples from sows and boars 
co llected  at a slaughterhouse. The concentration o f ascorbic acid, 
iron and copper in  plasma was determined as described elsewhere 
(Bessey 1938, Askevold & V ellar 1967, Wegger & Larsen 1978). Se
lenium status o f the animals was evaluated by determination o f the 
selenium dependent enzyme glutathione peroxidase (GSH-Px) in ery
throcytes (Jorgensen et a l. 1977).

Results

Ascorbic_acid. Table 1 shows the average ascorbic acid con
centration in 29 groups o f litterm ates and the range within each 
l i t t e r .  Great varia tion  is  obvious in the material as a whole whi
le  the d ifference between litterm ates is  re la t iv e ly  low. This im
p lie s  that the varia tion  in plasma ascorbic acid concentration is  
s ign ifica n tly  greater between littergroups than within groups o f 
fu ll- s ib  pigs (P < 0.001). In the pigs housed at progeny testing 
stations no s ign ifican t d ifferences were observed between females 
and castrated males although there was a tendency towards lower va
lues in the la t t e r  group. When, however, the plasma ascorbic acid 
was estimated in full-grown pigs a s ign ifican tly  higher plasma 
ascorbic acid concentration was found in boars than in sows (table 2) .

Table 1. Average and range o f plasma ascorbic acid concentration 
in 29 l i t t e r s  o f 11-15 weeks old pigs, each l i t t e r  comprised two 
females and two castrated males.

mg ascorbic acid/100 ml plasma
Mean Range Mean Range Mean Range
0. l 8 0. 1 1 - 0.22 0.34 0.27-0.41 0.45 0. 28-0.71
0.19 0.08-0.33 0.36 0.29-0.42 0.49 0.35-0.60
0.19 0.12-0.25 0.36 0.31-0.43 0. 50 0.33-0.56
0.19 0.14-0.21 0.37 0.32-0.47 0. 51 0.43-0.61
0. 24 0.16-0.29 0.38 0.36-0.43 0. 52 0. 44- 0.57

,0. 28 0. 22-0.32 0:39 0.35-0.42 0. 54 0.48-0.63
0. 28 0. 28- 0.28 0.39 0.35-0.46 0. 56 0.39-0.65
0. 29 0.23-0.34 0.40 0.32-0.44 0. 56 0.52-0.63
0.30 0.15-0.41 0.42 0. 29-0. 51 0. 56 0.53-0.57
0.32 0.23-0.40 0.42 0.34-0.49

Total 0.38 0.08-0.71

Table 2. Plasma ascorbic acid concentration in sows and boars.

Sows Boars

No. o f animals 26 25
Ascorbic acid, mg 
mean * s

%
0.33 ± 0.02 0.47 ± 0.03

range 0.15 - 0.63 0.27 - 0.92
Significance P < 0. 001
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Trace elements. Table 3 summarizes the resu lts o f comprehen
sive Invistlga tions regarding the individual variation in copper, 
iron and selenium status in swine. For a l l  o f the three trace e le
ments mentioned a s ta t is t ic a lly  s ign ificant greater variation was 
found between groups o f litterm ates than within such groups. The 
over a l l  variations were as also shown in table 3 considerable.

Table 3. L it te r  variation in copper, iron and selenium status in 
Danish progeny testing pigs. The table shows the size o f the ma
te r ia l studied, the probability (P) fo r  greater variation between 
l i t t e r s  than within these and the range o f values measured.

Cu in 
plasma

Fe in 
plasma

TIBC
plasma

GSH-Px 
in RBC

No. of 
l i t t e r s 25 40 38 52

No. o f 
pigs 100 146 138 207

*
Range 88-258 67-255 290-669 6. 7- 202.0

p < 0.001 0.05 0.001 0.0005

* Cu, Fe and TIBC: pg GSH-Px: U/g Hb.

Di scussion

Ascorbic acid. Swine belong to the group o f animal species_ 
which- can- syn!EEeTize ascorbic acid. The feed used fo r  the animals 
in th is study contained only traces o f vitamin C and a ll  pigs were 
fed alike. Hence the differences found in plasma ascorbic acid con
centration must either be due to variation in ascorbic acid synthe
sis ( l iv e r )  or to differences in vitamin C requirement in other 
tissues or a combination o f these p o s s ib ilit ie s . In lig h t o f the 
complex nature o f the enzymatic synthesis o f ascorbic acid the f i r s t  
mentioned reason seems most probable. In species such as man and 
guinea pig which cannot synthetize ascorbic acid th is is  also due 
to a defect in the enzymatic reaction chain. Whether or not gene
t ic  variation in vitamin C requirement in tissues exists can only 
be elucidated by means o f labelled ascorbic acid. In swine no in
vestigations have previously been undertaken regarding ascorbic 
acid metabolism or hereditary variation in plasma ascorbic acid 
content. Experiments with rats o f the same strain, age and sex 
have shown individual differences in the metabolism o f th is v ita 
min (Salomon & Stubbs 1961) and in guinea pigs a 20 fo ld  d ifferen 
ce in ascorbic acid requirement has been described (Williams & Dea- 
son 1967). The authors assume that th is is  due to biochemical in
dividualism. Our suggestion that the variations found between l i t 
ters are caused by fam iliar biochemical individualism is  also sup
ported by other studies on the significance o f ascorbic acid fo r  
swine. I t  has fo r  example been found that navel bleeding in new
born pigs is  much more frequent in some p iggeries than in others. 
This anomaly which is  supposed to be due to insu ffic ien t collagen
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formation can be abolished by supplementation o f the sows with 
ascorbic acid during the last week o f pregnancy (Sandholm et a l. 
1981). I t  should also be mentioned that the assumption o f ind i
vidual variation  in ascorbic acid synthezising capacity (or re
quirement) in swine can contribute to explaining the considerable 
d ifferences observed regarding the influence o f vitamin C supple
mentation on growth, feed conversion rate and f e r t i l i t y  in this 
animal species (c f. Lund 1980, Wegger & Palludan 1982). The ascor
bic acid concentration was as shown in table 2 s ign ifican tly  higher 
in plasma from boars than from sows. A sim ilar genetica lly  deter
mined sex difference has been described in rats (Stubbs 1973) and 
is  attributed to differences in the rate o f biosynthesis o f the 
vitamin.

When the concentration o f a trace element in 
plasma is  used to estimate the status of animals regarding the e le 
ment in question the follow ing must be kept in mind. The concentra
tion is  at any time determined by the rate o f absorption from the 
gut, the capacity o f the transport system in blood and the rate at 
which the element is  removed by transfer to other compartments or 
excreted. In the case o f trace elements which only occur in pro
tein  bound form in the blood the two f ir s t  mentioned factors are 
o f decisive importance. Morbus Adema in calves can be mentioned 
as an example o f a c lin ic a lly  detectable absorption anomaly (Flag
stad 1976) and atransferrinaemia in man as an example o f a trans
port defect (Heilmeyer et a l. 1961). The d ifferences in trace e le 
ment status between l i t t e r s  reported here may be due to both fac
tors. An elucidation o f th is question would require that the ani
mals during two periods were given low and high supplements o f the 
trace element in question. Since the feed used was fu lly  adequate 
regarding the elements mentioned the simplest explanation fo r  the 
fam iliar d ifferences seems to be biochemical variations in the 
transport system. As fa r as iron and copper are concerned th is 
assumption implies that variations in the plasma concentration are 
caused by differences in the animals' a b ility  to synthetize apo- 
transferrin  and ceruloplasmin. A similar ind iv iduality  regarding 
plasma copper concentration has been found in ca ttle . This was d i
rec tly  correlated with the genetica lly  determined ceruloplasmin po
lymorphism (Wegger & Larsen 1978). Swine o f Danish Landrace do not 
possess molecular polymorphism in th is plasma protein. Molecular 
polymorphism in apotransferrins is  known in many species including 
swine but not in Danish Landrace. This seems, however, not to in
fluence the plasma iron concentration or the to ta l iron binding ca
pacity in plasma. The variations between l i t t e r s  found in the pre
sent study are, therefore presumably caused solely  by a difference 
in biochemical constitution regarding apotransferrin synthesis and 
the binding o f iron to the protein. In studies on biochemical in
dividualism in swine o f German Landrace (Reetz et a l. 1975) the 
h e r ita b ility  o f plasma iron and copper concentration was calculated. 
The h e r ita b ility  coe ffic ien ts  showed that i t  would be possible to 
change the plasma le v e l o f these two trace elements by means o f se
lection .

The l i t t e r  variations fo r  the selenium containing enzyme glu
tathione peroxidase in erythrocytes is  highly sign ifican t as shown 
in table 3. The a c t iv ity  o f th is enzyme is  a fu lly  acceptable mea
sure fo r  selenium status in animals (Sivertsen et a l. 1977). Conse-
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quently the a c t iv it ie s  found re f le c t  rea l d ifferences in status o f 
the pigs regarding th is trace element. I t  deserves mentioning that 
investigations on rats have shown that there are gen etica lly  deter
mined d ifferences in the amount o f selenium needed fo r  protection 
against l iv e r  necrosis (Schwarz 1970). In studies at our depart
ment ( Jargensen & Wegger 1979) a re la tion  was'found between gluta
thione peroxidase status and frequency o f in fectiou s diseases, pre
dominantly diarrhoe and lung.diseases, in swine (tab le 4 ). This

Table 4. Disease frequency during the growth period o f pigs in re
la tion  to erythrocyte glutathione peroxidase (GSH-Px) a c t iv ity  (see 
t e x t ) .

GSH-Px 
U/g Hb

No. o f 
pigs

Pigs with 
disease remarks, 
per cent o f to ta l

0-24 12 42
25-48 33 42
49-72 110 37
73-96 155 39
97-120 119 39

121-144 104 38
145-168 72 26
169-192 44 21
193-216 25 8
217-288 17 0

indicates the presence o f a combined nu tritiona l and genetical e f
fe c t upon the immune response in pigs.

Several examples on biochemical individualism and i t s  re la tion  
to an ind iv idu a l's  constitution regarding occurrence o f diseases 
are known in man (c f. Homines & Van den Berg 1973). Studies with 
farm animals o f the composition o f blood and the metabolism o f va
rious compounds using groups o f fu l l  or h a lf sibs or iden tica l 
twins (c a t t le ) reared under iden tica l conditions have also c lea rly  
demonstrated the existence o f several gen etica lly  determined va r i
ations in the biochemical p ro file . As "examples can be mentioned 
variations in plasma cholesterol in swine (Wegger 1978) and calves 
(E d fo rs-L ilja  et al. 1978) and in mineral metabolism (c f.  Wiener 
1971). Of d irect practica l importance in the la t t e r  group are the 
hereditary defect in zinc metabolism already mentioned (Flagstad
1976) and the breed related d ifferences in sheep regarding copper 
requirement and resistance towards copper poisoning (Wiener et a l. 
1978). The recognition o f gen etica lly  determined individual d i f 
ferences in the biochemical p ro file  opens the p o s s ib ility  o f selec^- 
tion  fo r  a desireable biochemical constitution and a better under
standing o f why certain diseases occur more frequently in some ra
ces or fam ilies  than in others. This condition strongly underlines 
the importance o f keeping the interp lay between inheritance and en
vironment in mind in a l l  research work with domestic animals.
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SUMMARY

Studies on young pigs o f Danish Landrace reared under id en ti
cal environmental conditions on progeny tes tin g  stations have shown 
s ig n ific a n t ly  g rea ter varia tions between groups o f litterm ates  than 
within such groups regarding plasma le v e ls  o f  ascorbic acid (P <
0.0001), iron (P <  0.05), to ta l iron binding capacity (P < 0.001) 
and copper (P < 0.001). Sim ilar resu lts  were obtained fo r  se le 
nium status estimated by means o f glutathione peroxidase a c t iv ity  
in erythrocytes (P < 0.0005). The overa ll range o f values was: 
ascorbic acid 0.08-0.71 mg iron 67-255 pg to ta l iron binding 
capacity 290-669 pg copper 88-258 pg •/» and glutathione peroxi
dase 6.7-202.0 TJ/g haemoglobin. The p ractica l im plications o f 
these find ings fo r  animal productivity, vitamin and trace element 
requirement and health are discussed. As fa r  as selenium is  con
cerned a certa in  corre la tion  between glutathione peroxidase le v e l 
and frequency o f in fec tiou s  diseases during the growth period is  
seen.

RESUMEN

Estudios sobre cerdos jdvenes de la  raza "Dansk Landrace" 
criados en condiciones am bientales-identicas en estaciones de pru- 
eba de progenie han mostrado variaciones singificativam ente mayores 
entre las  d ife ren tes  camadas que dentro de la s  camadas con respecto 
a n ive les  en plasma de acido ascdrbico (P < 0.0001), hierro (P <
0.05). capacidad to ta l ligadora de hierro (P < 0.001) y cobre (P <
0.001). Se obtuvieron resultados parecidos para e l estado de se- 
lenio estimado por medio de activ idad  de peroxidasa de g lu tation  
en eritrooitos-- (P < 0.0005). La extension maxima de lo s  valores 
era: Acido ascdrbico 0.08-0.71 mg hierro 67-255 pg capacidad 
to ta l ligadora de h ierro 290-669 pg cobre 88—258 pg $ y peroxi
dasa de g lu ta tidn  6.7-202.0 U/g de hemoglobina. Se discuten las  
consecuencias p raeticas de estos hallazgos para la  productividad 
animal y Las necesidades de vitaminas, elementos-traza y salud.
En lo  que se r e f ie r e  a selen io se observa una c ie r ta  correlacion  
entre e l  n iv e l de peroxidasa de glu tatidn y la  frecuencia de en- 
fermendades in fecc iosas  durante e l perlodo de crecim iento.
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