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Levels of a-tocopherol in beef from New Zealand pastures.
J. West, O. A. Young, M. P. Agnew, MIRINZ, Hamilton, and T. Knight, AgResearch, Palmerston North, New Zealand. 

INTRODUCTION
Consumers use the colour of meat as indications of quality and freshness, and base purchase decisions on these perceptions. Beef di"co11 , 

is primarily due 10 oxidation of red, ferrous, myoglobin pigments to brown, ferric metmyoglobin. Numerous papers have reported tha' ,, 
o vitamin E, as tocopherol esters to com based diets for cattle, delays metmyoglobin accumulation, and extends the shelf life of fresh, c 
frozen beef. Liu et al. (1995) reviewed these dictaiy vitamin E supplementation studies. „I#

f n ' m ' f T 01 and Arnold et al' <1993) rePorted that the critical factor in supplementation was achieving a minimum tissue c°n%
o .30 to 0.35 mg of a-tocopherol per 100 g meat, and that concentrations above these levels did not have any further benefit in terms o' V 
metmyoglobin accumulation in fresh striploins. Liu etal. (1996 a, b) found that higher levels of tocopherol were required to achieve colour. 
m beef after chilled storage. Also, the accumulation of tocopherol and colour stability differed between muscles. For various levels ofv (ll 
supplementation the ranking of vitamin E concentration was gluteus medius (GM) > semimembranosus (SM) > longissimus lumbo  ̂
However, the ranking based on metmyoglobin formation was also GM > SM >LL. ,jljt

While there is a lot of information about grain-fed animals and dietaiy supplementation of vitamin E, there is very little information 
E levels in pasture-fed beef The present work was designed to establish vitamin E levels in New Zealand pasture-fed beef, to comp»«
stability of this beef with that of grain-fed beef, and to establish suitable procedures for raising levels of vitamin E by intramuscular'n,c 
a-tocopherol. J

MATERIALS AND METHODS
To establish average levels of vitamin E in New Zealand beef, striploin samples were analysed from prime steers and heifers 

slaughter in early spring, mid summer and late autumn, from 38 farms, spread throughout the country For farms in the Waikato are3’ ff, 
samples were also taken for the tenderloin, chuck tender and eye round cuts. Samples from three animals from each farm were used to 
composite, lean sample for chemical analysis. Jp

For compai ison of the effects of grain- and grass-finishing diets, twelve prime yearling steers, selected from a pasture-fed herd, wcrC,Ji': 
into two groups. One group was transferred to a feed-lot to receive a grain diet. These steers were conditioned to, and maintained on,a i  
diet of grain for 8 weeks, which included a 2 week diet adjustment period. The diet contained mainly maize, heat-treated soya and hay. in 
six steers were grazed ad libitum on ryegrass / clover pasture for the same 8 weeks. /

After the finishing period, the animals were slaughtered and processed in accordance with standard commercial practice. Carcasses 
to approximately 5 to 7°C overnight, and cold-boned the following morning. The next morning, two steaks were cut from the middle o' 
stnploin for fresh colour readings, and for chemical measurements. The remaining portions of the striploins were weighed, packed undo' J  
in bags with a low oxygen permeability, stored in a chiller at -1°C for a week, then moved to a freezer, and held at -20°C for 7 or I9vve^\. 
they were thawed at 2"C. After thawing, the striploin pieces were drained, and reweighed to dctciminc drip losses. Each piece was sliced i"10 
20 mm thick for simulated retail display and colour readings. ^

Steaks from the fresh and thawed striploins were placed, with freshly cut surfaces uppermost, on polystyrene trays, covered withan 
permeable film, and allowed to bloom at about 10°C for an hour before CIELAB L*, a*, b* colour readings were taken.’ Steaks fromlllC 
samples, weie displayed at 2 to 4°C under cool white lights, and colour readings were taken at daily intervals

Injectable d-a-tocopherol, containing 300 IU vitamin E per ml (Vital E -300 Schering-Plough Animal Health), was obtained for ¡n*rf  J  
injection trials. Twenty pasture-fed, cross-bred Angus steers were allotted to five balanced groups. Vital E -300 was injected into the r)eck Li; 
of these steers according to the schedule shown in Table 1. Blood samples for vitamin E determinations were taken by tail bleeding J  
injections, as shown in the table. The steers were slaughtered in a commercial abattoir on day 30 of the trial. The carcasses were ch illi °v T  
then striploins and tenderloins were sampled for chemical tests. Vitamin E in blood and in lean tissues was deteimined bv the method"0 
et al. (1993), and Pfalzgraf et al. (1995) respectively.
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RESULTS AND DISCUSSION 
Vitamin E levels in New Zealand beef

The average level of a-tocopherol in the lean tissues of striploin steaks from beef raised on farms throughout New Zealand was J  
with a standard deviation of 1.66 mg/kg. On average, the ranking of levels between samples from different regions was Northland, 7-7 A 
> Waikato, 5.39 mg/kg, > South Island, 3.71 mg/kg. These differences were significant (p < 0.01). Differences between seasons of the 
not significant (p > 0.05), but there were regional variations between seasons. The average levels of a-tocopherol in the lean tissues of0 t i 
cuts from the same animals were ranked in the order; tenderloin, 7.6 mg/kg, > chuck tender, 6.1 mg/kg, > striploin, 4.8 mg/kg, > eye r°U
mg/kg.

nh cf

Group no Injection
days

Injection 
volume, (ml)

Blood sampling 
days

1 1 1 x 15 1 ,3 ,5 , 8, 15,23,29
2 1,8, 15,23 4 x  10 1,3, 5, 8, 15, 23,29

3 25 1 x 15

4 27 1 x 15

5 - 0

Only 3 of the 38 striploin samples had an a-tocop 
below 3.0 mg/kg. Two of these were from the South Island’ J) 
was from a group young animals from a research farm- |j'; 
indicate that most New Zealand beef striploins contain a deft113’ N(i 
of a-tocopherol for fresh retail purposes. Those from 'L ,
T Q lanH  P C n P P I f t l lv  tV ir\cr» N T r» t-tL ione l n r n k n U l . i

/Island, especially those from Northland, probably contain su 
tocopherol for display after short periods of chilled storage- 
exact levels required for different storage regimes have 11 
determined.
Comparison of data for grain- and grass-finised steer* wi 

CIELAB L*, a*, b* colour coordinates, and the hue al1L  
chroma values derived from these coordinates, were not sign'^ y 
different for fresh striploins from steers finished on grain o f0
(Table 2). There were also no initial differences in these 
samples thawed after frozen storage. However, after 7 and I
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C !,St°ra8e’and 3 or more days on disp’ay^the hue an8le was significantlY hi8he1'- indicating more discolouration, in the ^Tdisnlav  ̂
> ra8e periods, a* values rose for the first 3 days on display, and subsequently fell. For the 7 week old R a f t e r  3 days on display^a 
I significantly higher in the grass-fed than in the grain-fed samples (Table 2), but b *  values were not

after ,9 weeks frozen storage, and 3 days on display, b* values for the grass-fed group were lower th those from he grain d 
>  and a* values were not significantly different (p > 0.05). There were no significant differences «  ^

Vitamr'P,0ins from grass-fed steers contained significantly higher levels of vitamin E («-tocopherol) and fat thian those fimshedl on g 
d i j 'n E to fa, ratios (not shown) were also significantly higher in the grass fed beef (p < 0.01). However, dnp losses w ee not significantly

j-tt between the groups after frozen storage (p > 0.05) (Table 3). . . ,  t vitamin F sunnlements
C f 6 data indicate that New Zealand grass-fed beef has greater colour stability than beef finished on gram without vitamin E supp

T S of in tr a m u s c u la r  a - t o c o p h e r o l  in j e c t io n s  , - in both the
J he c°ntrol steers, group 5, used to assess the effects of intramuscular injections had extremely variable levels o 'a- 
f t s and tenderloins. Levels of «-tocopherol in these cuts were no, significantly different from those obtained ^  ^ m
f t  0n|y 3 days before slaughter (p > 0.05) (Table 4). Steers in group 2, which had received 4 injections atweek
<stee, ’*hich received a single injection 5 days before slaughter (Table 1), had significantly hig er eve s o a ocop slaughter could
be J > > e  4). These results indicate that «-tocopherol injections into the neck muscles of grass-fed beef animals, 5 d y 

L d t0 boost «-tocopherol levels in meat cuts. This procedure might also be more economic than p r o . l o n g e d were 
of «-tocopherol in blood (not shown) increased sharply within 2 days of injections, and subsequently fell to plateau values 

'Cat%  higher than the pre-injection levels (p< 0.05). Njeru et al. (1992) obtained similar results after injecting sheep.

^ 2  R' >M rP’ s - C., Scheller, K. K„ Williams, S. N. and Schaefer, D. M.. 1993. Tissue equilibration and subcellular distribution of vitamin E relative 
U^^Slobin ar*d hpid oxidation in displayed beef. J. Anim. Sci. 71, 105.
.of

to

n and lipid oxidation in displayed beef. J. Amm. Sci. 71, 1U5. _____-j  ^Vimmntnoranhic analvs
|f . Kostic, D. and Olson, J. A. (1993). New simplified procedures for the extraction and simultaneous high performa q

-ill, net;nol, tocopherols and carotenoids in human serum. J. Chromatogr. 617, 257. A n i m  <3<-i 71 3131
LJ i anari’ M- C. and Schaefer, D. M. 1995. A review of dietary vitamin E supplementation for improvement of beef qu ty. . 0n beef colou 

V-, Schi“'1- - - - „  . ,  i r» • * m * nns „ o»in.m/.nnr4;nqtoc for accpccmpnt nf Hietarv vitamin E ettects on dcci coio
nan> M. C. and Schaefer, D. M. 1995. A review of dietary vitamin b supplementation iu. -------—  **■— -  ■ - ,  , stabi|ity

j A 7-teller, k. K., Arp, S. C„ Schaefer, D. M. and Frigg, M. 1996a. Colour coordinates for assessment of dietary vitamin E effects on beef co ty.

Hoi’ Schcllcr’7N. K ^ Arp, S. C„ Schaefer, D. M. and Williams, S. N. 1996b. Titration of fresh meat colour stability and malondialdehydc development with
f te‘n steers fed vitamin E-supplemented diets. J. Anim. Sci. 74, 117. . . . intramuscular

K  McDowell, L. R„ Wilkinson, N. S„ Linda, S. B„ Williams, S. N. and Lentz, E. L. (1992) Serum «-tocopherol concentration in sheep after intramuscu

hi, bon °f dl-a-tocopherol. J. Anim. Sci. 70, 2562. .  . „ , , ,, , Fnrsrh 200K Stcnhart H and Frigg, M. (1995). Rapid determination of «-tocopherol in muscle and adipose tissues of pork. Z. Lcbensm. U
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v lanis’ s - N„ Frye, T. M„ Frigg, M„ Schaefer, D. M„ Scheller, K. K. and Liu, Q. 1993. Vitamin E. Meat International 3(2), 22. 

t ^ - .  C o lo u r  v a lu e s  f o r  s t r ip lo in s  f r o m  g r a in - f e d  a n d  g r a s s - f e d  b e e f ,  d i s p la y e d  b e f o r e  a n d  a f t e r  f r o z e n  s t o ra g e^

°rage’ Display, C r a in - f e d  ________  G r a s s - M --------

Li

Ni

I’Ci

L* b *  hue angle chroma L* a1

41.5 10.3 39.1 13.3 40.6 10.6

b *  hue angle___chroma
38.6 13.68.5
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10.9
IL S
11.0
11.6

37.2 
38.6 
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12. 1* *  

13.5 
11.2* *  
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9.7 
10.5
9.7 
10.0

#

#

35.6
35.0 ## 
37.5 # 
39.8**#

15.5*
m
14.8* 
14.5**______ X 40.7 IU.bT" li.o______u . y __________________ ________-Tibib--------- - - -  -  :-------, ---- 7*77 K*

d ,-pies from the 7 and 19 week storage trials, significant differences from the underlined readings on display day 3 are :showt" _ L ’ a ’ 
V hr°ma readings, and significant differences from the underlined day 1 readings are shown for the hue angle. * -  p < 0.05 -  p 0.0

ln8s for grass-fed beef that differed significantly from those for grain-fed beef are indicated. # = p < 0.05 and ## -  p < 0.01.

j r a i n -

pH

t e a  a n a  g ra s

Fat,
g/100g

s - i e a  D e e i s i

Vitamin 
E, mg/kg

r ip iu n is .

D r ip , % weight lost 
after frozen storage

7 weeks 19 weeks

'■fed 5.60 1.99 2.53 3.9 9.6

Hed 5.65 4.13 3.66 3.1 8.1

T a b le  4 .  A v e r a g e  v i t a m in  E  le v e ls  in  s t r ip lo in s  a n d  
t e n d e r lo in s  f r o m  in je c te d  s t e e r s .

Group Striploin Tenderloin

1 4.59* 5.05

2 5.57* 5.82**

3 5.32** 6.60**

4 3.61 4.05

5 4.78 3.66

(* = p < 0.05, ** = p < 0.01 )
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