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Total vitamin Bs and pantothenic acid contents of loin (longissimus dorsi) and round (semi- 
membranosus) muscles of beef from grain- and grass-finished steers were determined on 
the day of slaughter and after aging for 7, 21, and 42 days. The amount of vitamin B g  

was not affected by conditions of finishing or aging. No significant difference in panto- 
thenic acild was associated with finish, but slight increases occurred with 21 and 42 days of 
aging. Semimembranosus 
longissimirs dorsi muscle. 

WH vitamin B, and pantothenic acid B are considered essential dietary 
components for humans [A'). Pyridoxal 
phosphate. the active form of vitamin Be. 
serves as coenzyme in numerous trans- 
aminase. decarboxylase. and other enzy- 
matic reactions. \vhile pantothenic acid 
functions metabolically as part of CO- 

cnzyme -4 i 3). 
'I'here is little information available 

concerning factors which affect tissue con- 
centration of the B vitamins in ruminants. 
In  rarlier \\.ark from this laboratory it 
\ v a s  shotvn that beef from grain- or grass- 
finished steers \vas an equally good source 
of thiamine. riboflavin. and niacin ( 6 ) .  
Ho\vever. significant changes in the 
amounts of t \vo of these B vitamins were 
associated \Gith post-mortem aging. 
'Thiamine content of  loin and round 
muscle was increaseii significantly by 21 
days of aging at  34' F.. ivhile niacin con- 
tent decreased approximately 30yc under 
the same condition:;. I n  vie\r of these 
findings it seemed pertinent to investi- 
gate the effect of grain and grass finish- 
ing, as \vel1 as aging. on the vitamin Bs 
and pantothenic acid content of beef. 

Experimen la1 

Meat used in this study \vas obtained 
from five pairs of Hcreford '.high-grade" 
steers, closrly matched as to age and 
genetic background. The  grain-finished 
steer of each pair was full-fed a mixture of 
T 5 y c  concentrate and 2.576 hay for 3 to 
5 months prior to slaughter. T h e  grass- 
finished steer remained on pasture con- 
sisting primarily oj: orchard grass and 
Ladino clover. At slaughter the animals 
\ vue  18 to 24 months old. T h e  grain- 
finished averaged approxirfiately 1000 
pounds and graded L.S.D.A.  High 
Good. T h e  grass-finished averaged ap- 
proximately 850 pounds and graded 
U.S.D.A. Low Gooti. 

.Approximately I -pound samples of 
the longissimus dorsi and semimem- 
branosus muscles were removed on the 
day of slaughter and after the carcasses 

muscle contained significantly more of both vitamins than 

had aged 7 .  21, and 42 days. Details of 
ripening and sampling have been re- 
ported (6: 7) .  

The  raw samples \cere analyzed for 
total pantothenic acid and vitamin Bs. 
'To prepare samples for vitamin assays 
the meat \vas trimmed of external fat, 
diced, and ground t\vice in an electric 
grinder. first through a coarse plate and 
then through a fine plate (perforations 
'j, '8-inch and 3, '16-inch diameter. recpec- 
tively). The  ground samples tvere 
packed in moisture-vapor-resistant lami- 
nated freezer paper and frozen at  -20" 
F. in an air blast freezer. then stored in a 
home freezer a t  approximarely 0' to 
-8" F. Vitamin Be analyses \vere 
completed within 6 months on  all but one 
pair of steers. Samples from t\vo 
animal pairs \vere stored more than 1 
year before completing the pantothenic 
acid analyses. 

\-itamin B6 and pantothenic acid ivere 
measured microbiologically using the 
yeast-growth methods of -4tkin et  a i .  
[ 7: 2 ) !  which employ S.  carisbergensis as 
the test organism. Incubation \vas 
carried out in 50-ml. Erlenmeyer flasks 
without shaking as recommended by 
Lushbough et  ai. (5). Bound vitamin 
Be \vas released by autoclaving in dilute 
HC1 (pH 1.6) a t  15 pounds of pressure 

for 4 hours. '4 double enzyme system of 
2% intestinal phosphatase and 10% 
Dolvex-treated pigeon liver was used for 
the release of bound pantothenic acid 
( 1 7 ) .  

No attempt was made to measure 
free vitamin Be or pantothenic acid or 
to determine the distribution of vitamin 
B6 among the three active forms: 
pyridoxine. pyridoxamine, and pyri- 
doxal. The  standard recovery of vita- 
min Be averaged 102.4 + 0.767, (stand- 
ard error of mean) and pantothenic acid 
averaged 93.7 = 0.617c. Data  were 
tested by analysis of variance. 

Results 
Data for vitamin Be are 

sho\vn in Table I .  The  grain-finished 
loin averaged 7.4 pg, per gram and the 
round 8.3 pg. per gram. \\'bile the 
values for grass-finished beef were con- 
sistently a little lower. averaging 6.8 and 
7.4 pg. per gram for loin and round. re- 
spectively, the difference \vas not signifi- 
cant. as indicated in Table 11. The  
values for the round muscle were signifi- 
cantly higher than those for the loin 
muscle (P < 0.01) for both types of 

Vitamin Bs. 

Table 1. Vitamin B6 Content of Longissimus Dorsi and Semimembranosus 
Muscles of Grain- and Grass-Finished Steers" 

Days of Moist Basis, pg./G. Fat-Free, Dry Basis, pg./G. - 
Ripening Grain-finished Grass-finished Grain-finished Grass-finished 

Longissimus dorsi 
0 7 5 + 0 1 7  h 7 i 0 4 0  31 9 f O i 4  2 8 6 f l  67 
7 

21 
42 

7 4 z 0 2 8  6 9 f 0 3 9  31 5 i 0 8 1  2 9 7 i 1  46 
7 0 i 0 4 8  6 5 f O 4 0  3 0 5 i 1 7 8  2 8 3 f l 3 8  
7 6 i 0 3 1  7 1 i 0 5 9  3 1 8 f . 1 3 0  2 9 8 3 ~ 2 2 4  

Mean 7 . 4  i 0 . 1 6  6 . 8  zt 0 . 2 1  3 1 . 4  i 0 . 5 7  29 .1  i 0 .80  

Semiinembranosus 
0 8 . 3  i 0 . 2 7  7 . 3  & 0 . 2 2  34 6 zk 0 . 9 0  3 1 . 1  i 1 . 1 0  
7 8 . 6  f 0 . 3 3  7 . 2  i 0 . 4 1  3 5 . 5  i 1 . 1 6  30 6 i 1 . 9 3  

21 7 . 9  i 0 .04  7 . 3  i 0 . 0 6  33 .1  i 0 . 4 4  3 0 . 9  i 0 . 3 6  
42 8 . 4  i 0 . 4 0  7 . 6  f 0 . 5 5  3 4 . 3  i 1 . 6 2  3 1 . 7  i 2 . 1 4  

Mean 8 . 3  i 0 . 1 5  7 . 4  i 0 17 3 4 . 4  i 0 .55  31 .0  i 0 . 7 2  
., Averages froin 5 steers zt standard error of mean. 
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Table I I .  Mean Squares for Vitamin B6 and Pantothenic Acid 
Vitamin B E  Panfofhenic Acid 

Moist Fat-free, Moisf Fat-free, 
Source d . f .  basis d r y  basis basis dry basis 

Replications (pairs) 4 4.157 
Feeds 1 11 .773  
Error (main plot, rep. X feeds) 4 1 . 7 9 3  
Ripening periods 3 0 .876  
Muscles 1 1 0 . 9 1 j b  
Ripening periods X muscles 3 0 .019  
Ripening periods X feeds 3 0 .182  
Feeds X muscles 1 0 , 7 8 2  
Feeds X ripening periods x 

muscles 3 0 120 
Error (subplot) 56 0 , 3 4 3  

“ Significant ( P  < 0.05), 
Significant ( P  < 0.01). 

59.953 0 .511  19 .444  

26.391 1 . 0 3 6  19.430 
160.716 9.296“ 147.316 

5 890 0 323 7 922h 
118 317” 5 476h 70 O W h  

0 139 0 049 0 656 
2 055 0 050 0 542 
5 065 0 064 0 040 

2 784 0 008 0 318 
5 401 0 122 1 876 

Table 111. 
Semimembranosus Muscles of Grain- and Grass-Finished Steers“ 

Pantothenic Acid Content of longissimus Dorsi and 

Days of Moist Basis, pg./G. Fat-Free, Dry Basis, pg. /G.  

Ripening Grain-finished Gross- finished Grain-finished Grass- finished 

Longissimus dorsi 
0 
7 

21 
42 

4 1 If 0 . 1 5  3 . 4  f 0 . 1 8  1 7 . 1  f 0 . 7 8  1 4 . 2  i 0 . 8 3  
4 . 1  f 0 . 2 2  3 . 6  i 0 . 1 3  1 7 . 7  i 1 . 1 4  1 5 . 4  i 0.56  
4 . 2  f 0 . 1 9  3 6 f 0 . 1 6  1 8 . 2  f 1 . 0 0  1 5 . 9  f 0 . 5 6  
4 . 4  f 0 . 4 0  3 . 6  f 0 . 2 0  1 8 . 4  f 1 . 9 4  1 5 . 2  i 0 . 8 2  

Mean 4 . 2  f 0 . 1 2  3 . 6  i 0.08 1 7 . 9  i 0 . 6 0  15 2 f 0 35 

Semimembranosus 
0 4 . 7  f 0 . 1 5  3 . 8  i 0.17  1 9 . 3  f 0 . 6 6  16 2 i 0 . 7 6  
7 4 . 6  i 0 . 1 8  3 . 9  f 0.12  1 9 . 3  i 0 . 7 2  1 6 . 5  f 0.39  

21 4 . 8  i 0 . 2 2  4 . 2  i 0 . 2 3  2 0 . 5  f 0.85 1 8 . 0  f 0 . 8 9  
42 4 . 9  f 0 . 1 5  4 . 1  zt 0 . 2 1  2 0 . 1  f 0 . 7 8  1 7 . 4  i 0 . 7 6  

Mean 4 . 8  i 0 . 0 8  4 . 0  i 0.09  1 9 . 8  f 0 . 3 6  1 7 . 0  i 0.37  
Averages from 5 steers i standard error of mean. 

finish. Ripening up to 42 days had no 
significant effect on the vitamin B6 con- 
tent of these t\vo muscles from either 
grain- or grass-finished animals. 

Pantothenic Acid. Data for panto- 
thenic acid are presented in Table 111. 
The  grain-finished loin averaged 4.2 
pg. per gram and the round 4.8 pg. per 
gram. The  slightly lower values for the 
grass-finished animals, averaging 3.6 and 
4.0 pg., per gram for loin and round. 
respectively. were significant (P < 0.05) 
only when calculated on a moist fat 
basis. The  slightly higher value of the 
round than loin was significant (P < 
0.01) for both grain- and grass-finished 
beef. Aging appeared to cause a slight 
increase in pantothenic acid when values 
were calculated to a fat-free. dry basis. 
In applying Duncan’s multiple range test 
(4)  significant differences (P < 0.05) \vere 
obtained between 0 and 21 days and be- 
tween 0 and 42 days of ripening. All 

other comparisons among ripening 
periods \?ere not significant. 

Discussion 

The data obtained in this stud) in- 
dicate that finishing beefon grain as com- 
pared to pasture does not significantly 
affect the vitamin Bs or pantothenic 
acid content of beef tissue. Likewise, 
aging the beef up  to 42 days had only a 
slight effect on the muscle content of 
pantothenic acid and no effect on vitamin 
Bg. Il’hile the slightly higher content of 
vitamin B6 and pantothenic acid in the 
round (semimembranosus) muscle of 
animals on both feeds was significant, the 
difference would not be of importance 
in human nutrition. 

T h e  vitamin Bg contenr of loin muscle 
ranged from 6.5 to 7.6 pg. per gram and 
of round muscle from 7.2 to 8.6 pg. per 
gram. These values are slightly higher 
than the value of 5.9 pg. per gram as 

determined by rat bioassay and 3.2 pg, 
per gram determined microbiologically 
on raw beef rib (5). Lean dried beef 
was reported to contain 15.93 pg. per 
gram of vitamin Bg when determined 
microbiologically as the sum of pyri- 
doxine. pyridoxal, and pyridoxamine 
(70). Assuming that lean beef averages 
70 to 757, moisture, this value would also 
be less than that obtained in the present 
study. 

The  pantothenic acid content of the 
loin muscle ranged from 3.4 to 4.4 pg. 
per gram and the round from 3.8 to 4.9 
p g .  per gram. These values are in good 
agreement jvith values previously re- 
ported for beef rib ( 9 )  but slightly lower 
than the average value of 5.4 and 6.6 pg. 
per gram reported for rib and round of 
beef when determined microbiologically 
with La;tobaciilus plantarum and the 
enzyme system employed in the present 
study for release of bound pantothenic 
acid ( 7 7 ) .  

Grain- and grass-finished beef as 
produced for this study were equally good 
sources of vitamin Be and pantothenic 
acid. Normal amounts of aging ap- 
peared not to affect the concentration 
of vitamin B6 but pantothenic acid 
slightly increased with 21 and 42 days 
of aging. 

Literature Cited 

(1) Atkin. L., Schultz. A. S., Williams 
W. L.: Frey, C. N.! Ind. Eng. Cheni.. 
.4nai. E d .  15, 141 (1943). 

(2) Atkin, L.: LYilliams. W. L., Schultz. 
h. S., Frey. C. N.,Zbid.: 16, 67 (1944). 

(3) Chow, B. F.? in “Nutrition,” Beaton, 
G.  H.. McHenry, E. iY . ,  L-01. 11, 
Academic Press, New York? 1964. 

(4) Duncan. D .  B., Biometrics 11, 1 
(1 955). 

(5) Lushbough, C.  H. ,  M’eichman? J. 
M..  Schweieert. B. S.. J .  -Vutr. 67. 
451 (1959) ,”  

Food lechnol .  14. 190 (1960). 
(6) Meyer. B., Thomas. J.. Buckley, R. ,  

(7) hleyer, B., Thomas; J., Buckley. R., 
Cole, J .  W., Zbid.: 14, 4 (1960). 

(8) National Academy of Sciences- 
National Research Council, “Recom- 
mended Dietary Allowances,” Publ. 
1146 (1964). 

(9) Schweigert. B. S., Guthneck, B. T.: 
J .  .Vutr. 51, 283 (1953). 

(10) Toepfer, E.  i V . ,  Polansky, hi. M. ,  
Richardson, L. R.! LVilkes, S.? J. AGR. 
FOOD CHEM. 11, 523 (1963). 

(11) Zook, E. G. ,  MacArthur, M. H., 
Toepfer, E. W., L. S. Dept. Agr., 
Handbook 97 (1956). 

Receiwdfor reziew February 77, 7966. Accepted 
.Way 12, 7966. 

486 1. AGR.  F O O D  C H E M  


