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E FFECT OF VITA M I N  A INJECTIONS 
ON B LOOD AND L IVER LEVELS 

IN CATTLE FED LOW-CAROTENE DIETS 
R . M .  Lut her, L.B. Em bry, L.F. Bush and R .  Rosen boom 

Department of A n i mal Science Report 
CATTLE 80·6 

Summary 

Three experiment s  were conduc ted with fattening steers t o  s tudy the effect 
of 2 . 5  and 5 . 0  million Internat i onal Units (IU) of  vitamin A administ ered as 
inj ect ions on perf ormance and blood and l iver levels of vitamin A.  Steers in 
the noninj ected groups were not rece iving adequate vitamin A nutrit ion as 
indicated by lowered blood p lasma and /or liver s tores of the vitamin . Inj ection 
of 2 . 5  million IU of vitamin A incre ased b oth blood p lasma and liver leve ls of 
vitamin A .  The addit ion of another 2 . 5  million IU t o  achieve a higher dosage 
level increase d p lasma vitamin A levels in two of three trials . However , this 
level of inj ection had only a small additional effect on liver s t orage of the 
vitamin . The higher dosage level did not result in a proport ional increase in 
l iver vitamin A reserve s . Vi tamin A inj ect ions of 2 . 5  million IU result ed in 
adequate vit amin A nutrition as indicated by blood plasma and l iver s t orage 
values under conditions of these experiments . 

Introduct i on 

Previous carotene and vitamin A nutrition and the s tatus of liver s t ores 
are not generally known when cattle are p laced in the feedlot for fat tening . 
A supplement is commonly provided t o  insure adequate vitamin A nutrition .  
Administering vitamin A a s  a s ingle one t ime inj ection when cat t le ent er the 
f eedlot is a convenient method of supplying the vitamin . Quantity needed may 
be the amount t o  provide the requirement for periods of 2 t o  3 up t o  6 or 8 or 
more months .  Therefore , the effect  of dosage leve l of inj ected vitamin A on 
efficiency of utilization t o  maintain op t imum blood levels and adequate l iver 
s t orage of the vitamin is of maj or concern where i t ·  is de s ired to provide the 
d�ily require d amount by inj ect ion over periods of several months . 

The obj ective s of these experiment s  were twof old , firs t , t o  s tudy the 
effects of length of feeding period and dos age leve l of inj ected vitamin A on 
vitamin A s tatus of s t eers fed a low carot ene f inish ing rat i on without supp le
ment al vitamin A, and , second , to s tudy the effect of dosage leve l of inj ected 
vitamin A on liver storage of the vitamin f ollowing a period of feeding con
s idered to have resul t ed in maj or depletion of prior body store s of the vitamin . 
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Procedures 

Experiment 1 - Dosage Leve l  and Length of  Feed ing 

Trial 1 (]]__ days ) . Twenty- four yearling s teers of  Here ford and Hereford 
cros sbreeding were used in the experiment . The cattle were p reviously used in a 
growth s tudy t o  evaluate oat hay and oat haylage . The cattle re ceived a full 
feed of  oat forage without add itional grain and were not of  des irab le marke t 
weight or quality at the end of  the growth s tudy . The steers averaged 1 0 1 1  lb . 
and were allotted t o  three p ens of eight steers each . Init ial and f inal wei ght s 
were recorded following an overnight stand without feed and wat er . 

A 3-week adj ustment p eriod preceded the trial during which t ime the cat t le 
were fed corn silage ( 1 9 7 7  crop ) and rolled corn grain and supplement . The 
s ilage was gradually reduced to 8 lb . per st eer daily , wet bas i s , and corn 
increased to a full feed . Short ly after the tr ial began , mechanical trouble 
deve loped in the s ilo cont aining corn s i lage and the cat t le were switched to 
oat haylage and fe d 8 lb . per s t ee r  daily . Oat haylage supplies be came exhaus ted 
and the cattle were fed baled oat hay at the same daily rate of  dry matter as 
oat haylage . A protein supplement was fed at a rate of 1 lb . per s t eer daily . 
Composit ion of  the supp lement was ground she lled corn , 1 4 . 1 % ;  soybe an oil meal , 
69 . 9 % ;  ground limestone , 1 0 . 0% ;  and trace mineral salt , 6 . 0 % .  These rati ons 
would not be expected to result in maj or stores of  vitamin A .  

Three vitamin A treatments were admini stered a t  the ini tiat ion o f  the 
5 7-day exp eriment . One p en of steers rece ived no supplemental vitamin A .  
Ano ther pen received 2 . 5  million I U  o f  vitamin A .  A third p en rece ive d 
5 . 0  million IU o f  vitamin A .  The vitamin A used was TEVCO A2X water immersible 
p roduct which was administ ered int ramus cularly as a s ingle dose . 

Samp les of  whole b lood were colle cted initially and at the comp letion o f  
the experiment . Plasma was obt ained and subj ected to  chemic al analyses t o  
determine carotene and vitamin A concentrat ions . Samp les o f  liver t i s sue were 
collected at s laughter and analyzed for carotene and vitamin A .  

Trial 2 ( 1 1 2  days ) . Twenty-three steers of  mixed Heref ord and Heref ord 
cros sbreeding were used in this exp eriment . The s t eers averaged 898 lb . at the 
s tart of  the 1 1 2-day feeding t rial . The cat tle used in this s tudy were fed and 
managed the same as those used in trial 1 for the t ime p rior to the adj ustment 
period and during the experiment . 

The procedure s  for we ighing the cat tle , administ ering the vitamin A 
treatments , samp ling b lood and collect ion of  liver samp le s  and analysis o f  blood 
and liver samp le s  were essentially the s ame as out lined for trial 1 .  Since the 
experiment was longer ( 1 1 2 day s )  than the previous t rial , a samp le of blood 
was colle cted midway through the experiment to monitor blood leve ls of  caro tene 
and vitamin A .  
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Exp eriment 2 - Vi t amin A Dep leted Cat t le 

A t o t al of  36 s t eers of Angus or Angus x Hereford breeding were used for 
th is experiment . The s t eers averaged 770 lb . and were allotted to s ix pens of 
s ix s t eers each . Prior to the s t art of  this experiment , the steers were fed 
a full feed of corn s ilage and 2 lb . p er head daily of  a p rot ein supp lement . 

The die ts fed t o  the cat t le during the t rial cons isted o f  either who le or 
rolled oat grain with three p ens of c at t le per oat treatment . All catt le 
received a supplement cons i s t ing of 7 5 %  ground corn, 1 5 %  ground lime s t one and 
1 0 %  trace mineral salt . The supp lement was made int o 3 / 1 6 - inch pelle t s  and 
was fed at a rate of 1 lb . per s t eer daily . 

The s t eers were imp lanted with Synovex-S at the start  of  the t rial . The 
s teers were fed the oat diets for 1 20 days and then the vitamin A inj ection 
treatments were administ ered . One p en of st eers fed each o f  the oat treatments 
received no vi t amin A .  Another pen received 2 . 5  million IU of  vi tamin A and 
a th ird pen received 5 . 0  million IU o f  vitamin A .  The vitamin treatment was 
given by intramus cular inj ect ion as a s ingle dose . The vitamin A used was 
TEVCO A2X water immer s ible product containing 1 , 000 , 000 IU of vitamin A per 
cubic centimeter . 

S amp les of whole b lood were taken by j ugular venipunc ture on the day of  
inj ect ion and 8 days after inj ect ion . The cat t le were s laughtered 1 0  days 
following the inj ect ion treatment s and samples of liver t is sue were colle c t ed 
and frozen for analy s i s . Blood p lasma and liver samp les were analyzed for 
concentrat ions of  carotene and vitamin A .  

Ini t i al and 
t reatment study . 
feed and wa t er .  
s tudy t o  monit or 

final filled and shrunk weights were recorded with the oat 
The shrunk weigh t s  were taken after an overni gh t  s t and without 

Filled weights were t aken periodically during the 1 2 0-day 
changes in body weight with low- carot ene feeding . 

Resul t s  

Experiment 1 - Dosage Level and Length of  Feeding 

Trial 1 .  Fee dlot p erformance data are p resented in t able 1 .  The numb er 
of  s teers used in this tr ial was small with a re latively short feeding period 
of 57 day s . The cat t le weighed over 1 000 lb . when the vitamin A treatment s  were 
admini st ered . The data provide an ind icat ion of  rate of  gain and the amount 
of feed the cattle were consuming . The s t eers inj ected with 2 . 5  and 5 . 0 mi llion 
IU o f  vitamin A consumed more feed and gained at a more rap id rate than s t eers 
receiving no vitamin A .  However ,  feed required per uni t  o f  gain was about the 
s ame for the s t eers receiv ing no vitamin A as  for the s t e ers inj e c t ed with the 
vitamin . There was no visual evidence of vitamin A defici ency in the trial . 

Blood p lasma and liver concentrations o f  carotene and vit amin A are 
shown in t ab le 2 .  Carot ene leve ls in plasma are inf luenced largely by int ake of  
dietary carot ene . The c arot ene values indicate that the oat haylage and corn 
grain in the diet were providing s ome carotene , but that the amount was well 
b elow that observed with c arotene-rich die t s . 
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Table 1 .  Feedlot Performance o f  St eers--Trial 1 
(August 25-0ct ob er 20 , 1 9 7 8--57  days) 

Vitamin A inj ect ion treatment s  

Numb er of steers 
Avg .  init ial wt . ,  lb . 
Avg . final wt . ,  lb . 
Avg .  daily gain , lb . 
Avg .  daily feed , lb . (as  fed)  

Corn s ilage a Oat haylage a Oat hay 
Rolled ·  shelled corn 
Supplement b Free-cho ice mineral 

Total 
Feed /cwt . gain , lb . (as 

Corn s ilage 
Oat haylage 
Oat hay 
Rolled shelled corn 
Supplement 
Free-choice mineral 

Total 

fed) 

No 2 . 5  million 5 . 0  million 
vitamin A IU IU 

8 8 8 
1 0 1 9  1 0 1 0 1 004 
1 2 00 1 2 15 1 1 9 7  

3 . 1 8  3 . 6 1 3 . 40 

1 .  7 3  2 . 0 8 2 . 38 
3 . 40 3 . 6 0 3 . 25 
3 . 2 6 4 . 0 6 4 . 0 4 

20 . 1 4 25  . 1 4 2 2 . 95 
0 . 9 6 0 . 9 8 0 . 9 8 

2 9 . 5 7  35 . 8 6 3 3 . 60 

54 5 8  7 0  
1 0 7  1 00 95  
1 02 1 1 2 1 1 9 
6 3 3 6 9 6  6 7 4  

30 2 7  2 9  

9 2 6  9 9 3  9 8 7  

a Oat hay o r  haylage subst ituted f o r  corn silage when me chanical problems 
devE loped in the s ilo cont aining corn s ilage . 

Consump t ion not determine d .  
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Tab le 2 .  Concent rat ions of  Carotene and Vitamin A in Blood P lasma and 
Liver Tis sue of  Steers--Trial 1 

(Augus t  25-0ct ober 20 , 1 9 7 8--5 7 day s )  

Number of  steers 

Blood p lasma carotene , mcg / 100 ml 
Initial ( 8-25 - 7 8 )  
Final ( 1 0-20- 7 8 )  

Blood p lasma vitamin A,  mc g/ 1 0 0  ml 
Ini tial ( 8-25-78)  
Final ( 1 0-2 0- 7 8 )  

Liver tis sue carotene , mcg / g  
Final ( 1 0-2 2-78)  

Live r tis sue vitamin A ,  mcg / g  
Final ( 1 0-2 2- 7 8 )  

Vitamin A injection treatments 
No 2 . 5  million 5 . 0  million 

vitamin A IU IU 

8 

8 7 . 0 1  
8 9 . 32 

33 . 80 
2 6 . 5 7  

2 . 04 

4 . 26 

8 

82 . 82 
82 . 6 7  

25 . 80 
3 7 . 09 

1 .  9 6  

1 1 . 0 8 

8 

1 1 7 .  4 3  
1 0 6 . 3 7 

3 6 . 89 
4 4 . 5 9  

1 .  9 2  

1 5 . 9 7  
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Final p lasma vitamin A leve ls for steers rece iving no vitamin A were lower 
than the initial value s ,  ind icat ing that the animals were b e ing dep leted o f  
the vitamin . S t eers that re ceived the 2 . 5  and 5 . 0  million I U  of  vitamin A 
inj ections had highe r plasma vitamin A levels and greater vitamin A s t o rage in 
the l iver than steers no t rece iving vitamin A .  Both b lood and l iver values for 
inj ected group s are indicat ive of  ade quate vitamin A nutr ition during the t ime 
of the experiment . Higher values resulted from the larger dosage of  vitamin A .  

Trial 2 .  The p erformance of steers used in the 1 1 2-day fattening tr ial 
are presented in t able 3 .  There were no import ant difference s in rate of gain , 
feed consump t i on or feed e f f i c iency with respe c t  t o  the t re atments used ove r a 
longer feeding period . Al s o ,  there were no visible s igns of  vitamin A def iciency 
in the noninj ected group . 

Blood p lasma and l iver concentrat ions o f  carotene and vitamin A are shown 
in t able 4 .  Levels of  c arotene in blood plasma show some var iation with no 
important difference s b e tween vitamin A treatment s .  Final carotene value s were 
higher than at the init ial and intermediate samp ling time s ,  indicat ing higher 
intake s  of carotene during the latter part of  the experiment . There were no 
maj or dif ferences in p lasma vitamin A l evels with the inj e c t ion tre atments at 
any of the samp ling times . 

Liver vitamin A value s for the noninj e cted steers indicate that the l ivers 
were essential ly dep le t e d .  However , blood p lasma vitamin A l evels would be 
cons idered adequate with no s ign s of  vitamin A de fic iency . Plasma vitamin A 
values were lower than for the inj ected group s .  The 2 . 5  mil lion IU vitamin A 
treatment re sulted in some increase in l iver st ores and h ighe r p l asma vitamin A 
values . Higher s t ores o f  liver vitamin A were ob served with the 5 . 0  mil lion IU 
inj ections , but p lasma levels of vitamin A were essentially the same . Liver 
vitamin A reserves were low with all treatment s .  The 2 . 5  million IU inj e ct ion 
was adequate as indicated by p lasma vitamin A levels and the absence of def ic iency 
symp toms . 

Exp eriment 2 - Vit amin A Dep le ted Catt le 

The feedlot p erformance of  steers fed a low-carotene die t of  oats grain is  
presented in t able 5 .  The oat die t s  without additional vitamin A supp lementat ion 
would be exp e c ted to result in low leve l s  of  caro tene int ake and a lowering of 
vitamin A body st ore s during the tr ial . 

Rat e  of growth and f a t t ening as indicated by gains recorded period ically 
over the 1 2 0-day feeding per iod show no evidence of  vitamin A def i ciency . 
Lowered gains were observed the first  29 days due t o  the cat t le going o f f  feed 
with development of  acute acido s i s . The overall average daily gains were 
s omewhat lower with the oat diets than has been ob served in experiment s whe re 
corn grain was the maj or comp onent o f  the die t . 
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Table 3 .  Fee dlot Performance of  St eers--Trial 2 
(August 1 5 -December 1 5 , 1 9 7 8-- 1 1 2  day s )  

Vi t amin A inj e c t ion tre atment s 
No 2 . 5  million 5 . 0 million 

vitamin A IU IU 

Numb er of s teers 7 8 7
a 

Avg . init ial wt . , lb . 898 894 9 09 
Avg .  f inal wt . ,  lb . 1 2 69  1 26 4  1 2 34 
Avg . daily gain , lb . 3 . 3 1 3 . 3 1 2 . 9 0 
Avg . daily fee d ,  lb . ( as fed)  

Corn s ilage
b 

1 .  2 1  0 . 95 1 .  2 1  
Oat hay�age 7 . 2 3 7 . 30 6 . 40 
Oat hay 1 .  5 2  1 . 5 2  1 .  4 3  
Rolled corn 2 4 .  9 6  2 3 . 40 2 4 . 68 
Supp lement 1 . 00 0 . 9 8 0 . 9 7 

Total 35 . 7 6 3 4 . 1 5 34 . 6 9 
Feed/cwt . gain , lb . 

Corn silage 3 7  2 9  4 2  
Oat haylage 2 1 9  2 2 1  2 2 1  
Oat hay 4 6  4 6  49  
Rolled corn 7 5 4  7 0 8  35 1 
Supplement 3 0  3 0  3 4  

Total 1 08 6  1 0 3 4  1 1 9 7  

: One steer died o f  unknown causes . 
Oat hay or haylage sub s t i tuted for corn silage when me chanical problems 

deve loped in the silo containing corn silage . 
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Tab le 4 .  Concentrat ions o f  Caro tene and Vi t amin A in
.

Blo od Plasma and 
Liver Ti s sue of St eers--Trial 2 

( August 25-December 1 5 ,  1 9 78-- 1 1 2  day s )  

Number of  steers 

Blood plasma carotene , mcg / 1 0 0  ml 
Ini t ial ( 8- 25 - 7 8 )  
Intermediat e ( 1 0- 2 0 - 7 8 )  
Final ( 1 2 - 1 5- 7 8 ) 

Blood p lasma vit amin A ,  mc g/ 1 0 0  ml 
Ini tial ( 8- 2 5 - 7 8 )  
Int ermediate ( 1 0- 2 0- 7 8 )  
Final ( 1 2- 1 5 - 7 8 )  

Liver ti ss ue carotene , mcg / g  
Final ( 1 2- 1 5- 7 8 )  

Liver t i s sue vi t amin A ,  mcg / g  
Final ( 1 2- 1 8- 7 8)  

Vi tamin A inj e ct ion treatmen t s  
N o  2 . 5  million 5 . 0  mill ion 

vitamin A IU IU 

7 

87 . 1 0 
9 4 . 4 2 

1 6 3 . 9 6  

3 2 . 2 2 
24 . 9 8 
26 . 2 1 

2 . 80 

0 . 8 6 

8 

1 1 0 . 4 8 
86 . 1 2 

1 5 8 . 04 

3 7 . 1 4 
3 7 . 5 0 
30 . 0 3 

2 . 75 

1 . 6 5  

S
a 

9 2 . 6 9 
88 . 6 4 

1 3 2 . 0 1  

3 7 . 4 3 
3 8 . 9 9 
29 . 3 8 

2 . 6 4 

3 . 1 8 

a 
One st eer died October 3 0 , 1 9 7 8 . Ana lyt ical value s after this date are 

for 7 s t eers . Liver value s are for 7 steers . 
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Table 5 .  Steer Wei ghts  and Gains Dur ing Feeding Period--Expe r iment 2 
( S ep t ember 2 8 , 1 9 7 8-January 2 5 , 1 9 7 9 -- 1 20 days ) 

· 

Number o f  s t eers 
Avg . ini t i a l  wt . ,  lb . ( shrunk) 
Avg .  f inal wt . ,  lb . ( s hrunk) 
Avg .  total gain , lb . c 

0 - 2 9  days 
2 9 - 5 6  days 
5 6-85 days 
85 - 1 2 0  days 
0- 1 20 days 

Avg . daily gain , lb .
cl 

Vi t amin A 
No 

v i t amin A 

l l
b 

7 7 0  
1 0 4 1  

1 2  
9 6  
80 
74 

2 6 2  
2 . 2 6 

. . . a inJ e c t 1on treatment s  
2 . 5  mill ion 5 . 0  milli on 

IU IU 

1 2  
7 7 0  

1 0 3 7  

36 
87  
89  
52  

2 6 5  
2 . 2 3 

1 2  
7 70 

1 0 38 

54  
7 6  
8 1  
5 9  

2 7 0  
2 . 24 

a 
Vi t amin A inj e c t i on tre atment s  administ ered at comp let ion o f  1 20 -day 

feeging t r ial . 
One s t eer died of acidos i s  early in the f eeding period . 

� Filled we ight bas is . 
Adj us ted daily gains are based on carcass we i ght and a dre s s ing 

percentage o f  6 2 % . 
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Concent rat ions of  carotene and vitamin A in blood p lasma and l iver t i s sue 
are p re sented in t ab le 6 .  Ini tial p lasma carotene and vitamin A levels indicate 
a high vitamin A s tatus for all group s  of  cat t le at the s tart o f  the trial . 
There fore , the cattle were not dep leted to the low leve ls ob serve d in the 
p revious t rials . Final plasma vitamin A for t he noninj ected s·teers indicates 
a borderline leve l as t o  def i c iency of  the vitamin . The 2 . 5  mil lion IU vitamin A 
inj e ct ion increased both p lasma and liver concent rat ions of  vitamin A .  An 
additional 2 . 5  million IU elevat ed p lasma vitamin A leve ls but increased 
s torage of the vitamin in l iver only slight ly over the 2 . 5  million IU leve l .  

The t e chnique empl oyed in this s tudy t o  measure dose response o f  vitamin A 
has been used to measure e f f i c iency of ab sorp t ion of vitamin A .  The smal l  
diff erence in liver s t orage between the two leve ls inj ected i n  this experiment 
with cat tle might be  due t o  inadequate t ime allowed be tween inj ect ion and 
s laughter or s t orage of the vitamin in other t is sue s . However ,  the liver is  
the maj or s i t e  o f  s t orage . The data are not adequate t o  determine the 
effi ciency of vit amin A s torage as related to dosage admini s tered . A true 
measure would be to fo llow l iver s t orage and evidence of def ic iency s igns over 
extended periods following inj ect ion .  

Table 6 .  Concentrat ions of  Carotene and Vi t amin A in Blood Plasma and 
Liver Tis sue of Steers Fed Oat s Grain--Experiment 2 

( S ep t ember 28 , 1 9 7 8-January 25 , 1 9 7 9 - - 1 2 0  day s )  

Numb er of  observations 

Blood p l asma carot ene , mcg / 1 0 0  m l  
Ini t i al ( 1 0- 6 - 7 8 )  
Preinj e ction ( 1 - 2 6 - 7 9 )  
Final ( 2- 2- 7 9 )  

B lood p lasma vi t amin A, mcg / 1 00 ml 
Ini tial ( 1 0-6- 7 8 )  
Preinj e ct i on ( 1- 2 6- 7 9 )  
Final (2-2- 7 9 ) ** 

Liver carot ene , mcg / g  
Final 

Liver vitamin A ,  mcg / g  
Final* 

Vit amin A 
No 

vitamin A 

l lb 

2 6 1 . 3  
40 . 82 
2 6 . 94 

4 4 . 9 6 
23 . 81 
1 6 . 45 

0 . 85 

5 . 7 8 

. . . a 
1nJ ect1on t reatment s 
2 . 5 million 5 . 0 million 

IU IU 

1 2  1 2  

2 7 2  . 0  284 . 2  
23 . 50 26 . 36 
1 7 . 9 7 2 1 . 6 3  

4 1 . 7 9  4 2 . 5 6 
20 . 44 1 8 . 20 
3 1 . 9 7 42 . 7 1 

0 . 9 1  0 . 86 

1 4 . 23 1 6 . 6 3 

a 
Adminis t ered intramus cularly as a s ingle dos e t o  s t eers f o llowing oats 

gr�n f eeding f or 1 20 days . 
One s t eer died of  acidosis early in the f e eding p eriod . 

* Diff erences b etween treatments s igni fi cant at P< . 05 .  
** Differences b e tween t reatment s s ignifi c ant at P< . 0 1 . 
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