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Sauter et al. (1965) reported that feeding 
a vitamin K deficient basal resulted in 
blood spots increasing as much as 100% 
over pre-test periods. Bearse et al. (1966) 
found that as much as 15% dehydrated 
alfalfa or grass in the diet did not in
crease blood spots significantly in eggs 
from hens in floor pens; in some of their 
experiments, however, there were non
significant increases in blood spots when 
alfalfa was added to the basal. 
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Day and Woody (1964) reported higher 
percentages of blood spots when alfalfa 
or MSBC were added to a basal diet. 
Siddiqui and Fry (1963), using Warfarin, 
and Waldroup and Harms (1962) and 
Day et al. (1964), using dicumarol, found 
that these anti-coagulants in the diet of 
laying hens reduced the incidence of blood 
spots. 

This paper reports the results of studies 
of prothrombin time and blood spot in
cidence of hens on a vitamin A and K 
deficient diet supplemented by various 
levels of MSBC and two levels of vita
min A. 

EXPERIMENTAL 

A strain of birds selected by the Western 
Washington Experiment Station (Puyal-
lup) for high blood spot incidence was 
utilized in these studies. The pullets were 
reared on commercial type corn-soybean 
starter and grower diets and when placed 
in individual laying cages were fed a com-
merical type 17% protein corn-soybean 
diet for a pre-test period. After determin
ing the initial blood spot incidence for 
each bird, the hens were transferred to a 
vitamin A and K deficient white corn-
soybean diet (Table 1) to which appro
priate additions of MSBC and vitamin A 
were made. 

Experiment 1. Two replicate groups of 
eight birds each were fed the basal diet 
containing 4,400 I.U. vitamin A per kg. 
and 0, .2, .4, .8, 3.2, and 12.7 mg. MSBC 
per kg. Additional replicate groups were 
fed the basal containing .2, .8 and 12.7 
mg. MSBC per kg. supplemented to a 
level of 22,000 I.U. vitamin A per kg. 

One month after the hens began receiv
ing the experimental diets, all eggs were 
collected for a period of three days/broken 
out, and examined for the presence of any 
visible blood. At the same time whole 
blood prothrombin times were determined 

TABLE 1.—Composition of basal diet 

Ingredient 

White corn meal 
Soybean meal (50% protein) 
Ground limestone 
Defluorinated phosphorus (18% P & 32% Ca) 
Salt, iodized 
Micro-Ingredients1 

% 
69.64 
21.40 
5.53 
2.53 

.40 

.50 

1 Supplied per kg. of feed: 2,200 I.C.U. vitamin Da, 4.4 mg. 
riboflavin, 13.2 mg. calcium pantothenate, 39.6 mg. niacin, 
500 mg. choline chloride, 22 meg. vitamin B12, 125 mg. ethoxy-
quin, 20 mg. iron, 2 mg. copper, 200 meg. cobalt, 1.1 mg. iodine, 
100 meg. zinc, and 71 mg. manganese. 

on two birds from each replicate using a 
slight modification of the chick embryo 
extract method of Nelson and Norris 
(1960). The fresh whole blood was mixed 
with the thromboplastin solution in de
pressions of spot test plates supported at 
the surface of a 41°C. water bath. A 
platinum loop was used to stir the mixture 
and the clotting end point was timed using 
an electric stop watch. Prothrombin time 
and blood spot percentages were deter
mined at approximately three week in
tervals for a total of seven times. 

Average hen-day percent egg produc
tion for a six-month period on the test 
diets was obtained. At the end of this 
period the hens were inseminated with 
pooled semen from males of the same 
line and the eggs incubated to evaluate 
the vitamin K needs for maximum hatch-
ability. Chick mortality from 0 to 8 
days of age was calculated as a further 
indication of the vitamin K requirement 
of the laying hen. 

Experiment 2. Replicate groups of eight 
birds each were fed diets containing 0, .1, 
.2, .4, .8 and 3.2 mg. MSBC/kg. at 4,400 
and 22,000 I.U. vitamin A per kg. An 
additional group of 16 birds received 12.7 
mg. MSBC and 4,400 I.U. vitamin A. 
This group was not included in the statis
tical analyses. 

Blood spot incidence and prothrombin 
time determinations were made for a 
total of six times at one month intervals. 
Prothrombin time was obtained on plasma 
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TABLE 2.—Blood spot incidence, prothrombin lime, egg production, hatchabilily of fertile eggs and early 
chick mortality when hens were fed various levels of MSBC and vitamin A {experiment 1) 

MSBC, 
mg./kg. 

Average 
prothrombin 

time* 

Blood spots 
(change from 

pre-test time)* 

Hen-day egg 
production 

Hatch of 
fertile 
eggs 

Chick 
mortality 

(Seconds) (%) (%) (%) 

* Means having different superscripts are significantly different at .OS level. 

(%) 

0.0 
0.2 
0.4 
0.8 
3.2 

12.7 

0.2 
0.8 

12.7 

36.4» 
32.7b 

32.3" 
31.5"° 
30.3° 
30.2= 

33.7 
31.7 
30.8 

4,4001.U. 
- 7.0» 
- 3.3»b 

+ 12.9cd 

+ 19.3d 

+ 3.3" 
+ 11.5° 

22,0001.U 
- 8.9 
- 3.6 
- 1.8 

Vitamin A /kg. 
62.3 
73.4 
65.3 
62.5 
59.2 
65.6 

Vitamin A/kg. 
68.6 
64.6 
67.9 

86.2 
86.7 
92.6 
90.8 
85.6 
88.7 

88.2 
83.0 
87.9 

3.3 
1.0 
1.7 
0.0 
0.0 
4.4 

1.0 
0.0 
1.9 

from oxalated heart blood using Sim-
plastin4 and an automatic prothrombin 
test unit.6 

RESULTS 

Experiment 1. The average prothrombin 
time was significantly affected by dietary 
MSBC (Table 2); the birds receiving no 
MSBC had prothrombin times signifi
cantly higher than all other groups. Dun
can's multiple range test values are shown 
only for the 4,400 I.U. level of vitamin A 
although the MSBC level also had a sig
nificant effect on prothrombin time when 
the .2, .8 and 12.7 levels of MSBC at 
both levels of vitamin A were analyzed 
statistically. There was a significant time 
effect. This may have been due to the use 
of the spot test plate rather than a small 
test tube which resulted in greater en
vironmental temperature effect on the 
clotting time. 

At 4,400 I.U. vitamin A, blood spot in-

4 Simplastin is a thromboplastin extract, con
taining calcium and sodium chloride, manufactured 
by General Diagnostics Division, Warner-Chilcott, 
Morris Plains, New Jersey. 

6 Fibrometer, Model #15, manufactured by Balti
more Biological Laboratories, Baltimore 18, Mary
land, Division of B-D Laboratories, Inc. 

cidence was significantly lower for the 0 
level of MSBC than for any other group 
except .2 mg. (Table 2). The values given 
in Tables 2 and 3 for blood spots are not 
a percentage change from the pre-test 
period, but a numerical difference in the 
percentage of blood spots for the test 
periods compared to those of the pre-test 
periods. In Experiment 1 these compari
sons were made on a replicate basis; in 
Experiment 2 the comparisons were made 
on an individual bird basis. 

Analysis of the data from the three 
MSBC groups on both levels of vitamin 
A revealed that blood spot incidence dif
fered significantly due to MSBC level, 
vitamin A level, period or time interval, 
and MSBC X vitamin A interaction. 
The .8 and 12.7 levels of MSBC on 4,400 
I.U. vitamin A were significantly higher 
than all other groups. At the higher level 
of vitamin A all groups had fewer blood 
spots than during the pre-test period. 
The decrease was greatest for the lowest 
level of MSBC. 

There were treatment differences in egg 
production, hatch ability and chick mor
tality (Table 2), but no definite trend 
which could be attributed to either 
MSBC or vitamin A levels in the diet. 
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TABLE 3.—Effect of MSBC and vitamin A levels on blood spot incidence and prothrombin time 
{experiment 2) 

MSBC (mg./kg.) 

0.0 0.1 0.2 0.4 0.8 3.2 12.7 

4,4001.U. vitamin A /kg. 
Average prothrombin time (seconds) 86.0 78.2 73.7 73.6 71.9 64.2 65.8 
Blood spots; change from pretest period (%) +2.9 +12.7 +10.2 +10.2 +15.0 +17.0 +8.7 

22,000 I.U. vitamin A/kg. 
Average prothrombin time (seconds) 82.1 89.4 73.7 68.6 72.6 66.8 — 
Blood spots; change from pretest period (%) +1.8 +8.4 +7.8 +8.5 +13.8 +17.5 — 

Average 
Prothrombin time (seconds)* 84.1" 83.8" 73.7b 71.lbo 72.3bo 65.5° 

* Means with different superscripts are significantly different (P < .05) according to Duncan's multiple 
range test. 

Experiment 2. The differences in prothrom
bin time (Table 3) due to MSBC levels 
were highly significant with the 0 and .1 
levels being significantly higher than all 
others. Neither vitamin A level nor the 
time intervals during t reatment exerted 
a significant effect. 

Blood spot incidence averaged higher 
than the pre-test levels for all levels of 
MSBC and both levels of vitamin A. 
However, the increase was least for the 
0 level of MSBC and the differences due 
to MSBC levels approached significance. 
There was no significant effect due to the 
vitamin A levels nor to the MSBC X vita
min A interaction. 

DISCUSSION 

The inverse relationship of prothrom
bin time and blood spot incidence as re
ported herein confirms previous reports 
of Day and Woody (1964), Siddiqui and 
Fry (1963) and Day et al. (1964). I t 
would appear tha t the visible presence of 
blood in the egg is dependent on the 
presence of sufficient dietary vitamin K 
(or MSBC) to cause clotting of the blood 
rather than diffusion throughout the 
albumen. Work is underway a t this sta
tion to further evaluate this hypothesis. 

The hen's requirement for vitamin K 
was found to be extremely low. Using 

both decreased blood spot incidence and 
increased prothrombin time as criteria, 
the MSBC requirement of hens on a vita
min K deficient diet would appear to be 
between .2 and .4 mg. /kg. These low 
levels resulted in no significant detri
mental effects on egg production, hatch-
ability and chick liveability. Griminger 
(1964) reported reduced hatchability of 
eggs from hens receiving no supplemental 
vitamin K, or MS B C ; however, his basal 
diet was a synthetic formulation and was 
likely lower in vitamin K than the de
ficient diet used in this study. Although 
blood spot percentages were reduced 
when hens were fed low dietary vitamin 
K, such formulations for practical diets 
would not be feasible. In addition, it is 
questionable tha t vitamin K should be 
kept this low, as certain hemorrhagic 
conditions might be encountered. 

In both Experiments 1 and 2, the 
determinations of clotting time have been 
referred to as prothrombin times. The 
times required for clotting to occur using 
the two procedures differed by an average 
of about 45 seconds. I t may be questioned 
tha t the procedure used in Experiment 1 
with fresh whole blood is actually a pro
thrombin time determination. The pro
cedure, however, reflected well the levels 
of MSBC in the diet. The procedure used 
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in Experiment 2 was definitely a pro
thrombin time determination; however, it 
was conducted using Simplastin, a throm
boplastin product already containing 
calcium and sodium chloride. The source 
of the thromboplastin product is that of 
rabbit brain and lung tissue. It has been 
reported by Griminger (1963) that a 
partial species specificity of thrombo
plastin requires that a chicken thrombo
plastin extract be used for prothrombin 
determinations on chicken blood by the 
one stage method. He reported a method 
of acetone extraction of chicken brain 
tissue by which prothrombin times of 
approximately 12 seconds on normal 
chicken blood could be obtained. The use 
of Simplastin, while resulting in much 
longer times and perhaps in different 
curves on graded levels of MSBC, ap
pears to have represented adequately the 
differences in clotting time due to dietary 
MSBC differences in this study. The 
saving of time of preparation and the 
uniformity of the thromboplastin solu
tions was considered to justify its use. 

It has been suggested that levels of 
dietary vitamin A lower than NRC es
tablished requirements will result in in
creased blood spot incidence, but that 
levels higher than 4,400 I.U./kg. will not 
further reduce the percentage of eggs 
containing blood spots (Bearse et al., 
1960; and Pope et al., 1961). In the study 
herein reported, a significant beneficial 
effect and an interaction with MSBC was 
noted in one experiment in which vitamin 
A was five times the normal amount, but 
in the second experiment no such effect 
was noted. 

SUMMARY 

Two experiments using hens selected 
for high blood spot incidence were con
ducted comparing the effects of dietary 
MSBC and vitamin A on blood spot in
cidence and prothrombin times. 

Prothrombin times were increased and 
blood spot incidence reduced when the 
hens were fed on low levels of MSBC. 
Rate of egg production, hatchability of 
fertile eggs and early chick liveability 
were not detrimentally affected by low 
MSBC levels. 

High vitamin A significantly reduced 
blood spot incidence in one experiment, 
but had no significant effect on pro
thrombin times in either experiment. 
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