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Effec of Cooking Method, Distiller’s
Grains, and Vitamin E Supplementation

on the Vitamin Content of Value Cuts from
Beef Steers Fed Wet Distiller's Grains and
Solubles and Supplemental Vitamin E

Y.N. Kim, D.W. Giraun, M.A. Masrizar, EL. Hamouz, K. WATANABE, M.I. SCHNEPF,
A.S. DE MELLO, JR., G.E. EricksoN, C.R. CALKINS, AND J.A, DRISKELL

ABSTRACT: Vitamin E, thiamin, riboflavin, niacin, vitamin B;, and vitamin B,» concentrations of flat iron steaks
and petite tenders from steers fed finishing rations containing 0% and 40% corn wet distiller’s grains and solubles
(WDGS) with and without supplemental vitamin E were determined. Feeding treatment groups were: 0% WDGS
with basal vitamin E, 0% WDGS with supplemental in E (500 1U daily), 40% WDGS with basal vitamin E, and
40% WDGS and supplemental vitamin E. Cattle can ed 40% WDGS diets more economically than corn diets.
The incorporation of 40% WDGS, with and without vitamin E, was hypothesized to have little effect on the vita-
min concentrations of these value meat cuts. Flat iron steaks and petite tenders were broiled and/or grilled to 70 °C
internal temperature. Mean cooking yields ranged from 68.7% to 78.2%. The majority of the vitamin concentra-
tions of broiled and of grilled meat were significantly different (P < 0.05) from that of raw meat. Vitamin E con-
centrations of raw and cooked meat from steers that received supplemental vitamin E were significantly higher
(P < 0.05) than those fed basal vitamin E. Significant differences in thiamin, riboflavin, vitamin Bg, and vitamin B;,
concentrations in raw flatiron steaks and in vitamin Bg in raw petite tenders were observed by WDGS. Thiamin, vita-
min Bg, and vitamin B,, concentrations of broiled flat iron steaks were significantly different (P < 0.05) than grilled.
A few differences in vitamin concentrations of the flat iron steaks and petite tenders were observed by WDGS, vita-
min E supplementation, and cooking treatments, but most of the vitamin concentrations were statistically similar.
Keywords: broiled beef, grilled beef, vitamin E supplementation, vitamins, wet distiller's grains and solubles

Introduction

oday many beel producers feed their animals rations contain-
a ing wet distiller’s grains and solubles (WDGS), a by-product of
ethanol production from grains, especially corn. These by- products
offer cattle producers an opportunity to reduce feed costs with-
out sacrificing performance (Klopfenstein 2001). WDGS are high
in polyunsaturated fatty acid (PUFA) concentrations (de Mello and
others 2008). The dietary vitamin E requirements of animals includ-
ing beef cattle are dependent on the quantities of PUFAs, other an-
tioxidants, sulfur-containing amino acids, and selenium (McDowell
1989; NRCNAS 2000); thus, beef steers have been fed supplemental
vitamin E (Arnold and others 1992; Liu and others 1995; Zerby and
others 1999). Vitamin E is a potent fat-soluble antioxidant (Tappel
1972; McCay and King 1980; IMNAS 2000). The feeding of vitamin E
to beef cattle has been reported to minimize the rancidity problem
(Arnold and others 1992, 1993; Liu and others 1995; Sanders and
others 1997). Alpha-tocopherol is the only form of the tocopheraols

and tocotrienols that has vitamin E activity (IMNAS 2000).
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The beef value cuts flat iron steak (musculus infraspinatus) and
petite tender (teres major) are meat cuts that have recently been
fabricated (NAMPA 2006). These 2 meat cuts are actually newer
cuts that incorporate ways of butchering less tender meat such that
the meat cuts are more tender. Information is not available as to
whether feeding beef steers WDGS and/or supplemental vitamin E
influences the vitamin content of these cuts. The cooking of meat
is essential with regard to food safety issues (USDA, Food Safety
and Inspection Service 2003). Consumers and food service estab-
lishments are serving flat iron steaks and petite tenders, and con-
sumers want information on the vitamin content of these cooked
value cuts. Broiling and grilling are common methods utilized for
the cooking of beef steaks.

In that feeding beef steers WDGS reduces feed costs and does not
sacrifice animal performance, information is needed as to whether
this practice influences the vitamin content of meat from these
steers as a food source for humans. Also, does the vitamin E sup-
plementation of the steers influence the vitamin content of meat
from these steers as consumed by humans? The objectives of this
study were to determine the selected vitamin concentrations of
raw, broiled, and grilled flat iron steaks and petite tenders from beef
steers fed 0% and 40% WDGS with basal and supplemental quan-
tities of vitamin E. The steaks were cooked to medium doneness.
The vitamins that were quantified in these meat cuts were: vita-
min E (¢-tocopherol), thiamin, riboflavin, niacin, vitamin By, and
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vitamin By>. These are vitamins found in red meats that some pop-
ulation groups of Americans reportedly consume in lower amounts
than rec ended (USDA, ARS 2009). The nutrient contributions
of Lheseﬁnins determined to be present in these 2 value meat
cuts to the dietary needs of humans were estimated as percentages
of the Daily Values (USFDA 2008). The Daily Values are nutrient rec-
ommendations established by the U.S. Food and Drug Administra-
tion (FDA) for nutrition labeling.

Materials and Methods

Sample description

Cross-bred beef steers were fed finishing rations containing 0%
and 40% WDGS with and without supplemental vitamin E (500 IU/
steer top-dressed daily) for 140 d at the Univ. of Nebraska-Lincoln
Agricultural Research and Development Center research feedlot
(near Mead, Nebr, U.S.A). The diets met the nutrient requirements
of beef cattle (NRCNAS 2000). The WDGS from corn contained
32.7% dry matter (DM). On a DM basis, WDGS contained 32.6%
crude protein, 11.5% crude fat, and 42.4% fiber. The 0% WDGS
diet fed to some of the steers contained 82.5% corn (1 : 1 ratio
of dry-rolled and high moisture corn on a DM basis) and 5% mo-
lasses, whereas the 40% WDGS diets contained 40% WDGS and
47.5% corn. Steers fed the basal level of vitamin E received 23.6 [U
w-tocopherol/kg in the 0% WDGS diet and 45.3 1U/kg in the 40%
WDGS diet. All animal care procedures were conducted in accor-
dance with the Univ. of Nebraska-Lincoln Inst. for Animal Care and
Use Committee.

Six steers from each of the following 4 feeding groups were avail-
able for this study: 1) 0% WDGS and basal vitamin E, 0% WDGS and
supplemental vitamin E, 40% WDGS and basal vitamin E, and 40%
WDGS and supplemental vitamin E. Initial body weights, hot car-

cass weights, and final body weights of the steers were recorded.
The steers were slaughtered on d 140 at a commercial abattoir
(Greater Omaha Pack, Omaha, Nebr., U.S.A.); the steers were ap-
proximately 17 mo of age. Shoulder clods were removed, vacuum-
packed, kept at 5 °C, and transported to the Univ.'s Loeffel Meat
Lab. and aged for 7 d at 1 *C. Flat iron steaks (North American
Meat Processors Assoc. #114D) were fabricated from both shoul-
der clods. Petite tenders (North American Meat Processors Assoc.
#114F) were filleted from both shoulder clods, and the connective
tissue that runs through the middle was removed. The meat cuts,
all graded as choice, were trimmed of all visible fat. Both meat cuts
were then stored at —80°C.

Cooking of steaks

The flat iron steaks and petite tenders from each steer were
thawed to 5°C. Prior to cooking, representative samples of flat irons
and petite tenders from each of the 24 steers were homogenized
with liquid nitrogen and stored at —80 °C for future vitamin anal-
yses. A flat iron steak from each of the 24 steers was cooked to
medium doneness (70 °C internal temperature) by broiling as well
as by grilling, while petite tenders, one from each of the 24 steers,
were cooked by broiling as sufficient sample was not available for
cooking by 2 methods. The internal temperatures of the steaks were
measured during cooking using thermocouples (Polder original
cooking timer and thermometer, Oxford, Conn., U.S.A) that were
centrally placed. For broiling, samples were turned at 34 °C and re-
moved from the oven at 68 *C (Maytag Electrical Schematic FP860-
9104, Benton Harbor, Mich., U.S.A.); samples reached 70 °C in
5 min. For grilling, samples were cooked on an electric grill (Presto
Series 0702 griddle, Eau Claire, Wis., U.S.A.), turned at 38 °C, re-
moved from the grill at 68 °C, and the samples reached 70 °C in

5 min. Samples were weighed immediately before and after cooking
to determine cooking yield. Cooking time was also measured. Im-
mediately after cooking, representative cooked samples were ho-
mogenized with liquid nitrogen, and aliquots were frozen at -80°C
for future vitamin analyses.

Vitamin analyses

Meat aliquots, sufficiently large enough to ensure uniform lipid
content, were thawed to 5 °C prior to each of the vitamin anal-
yses. Selected vitamins found in flat iron steaks and petite ten-
ders were quantified; the moisture and total lipid concentrations
were also determined (AOAC 2006). The e«-tocopherol content of
the meat samples as well as the diet top-dressings containing
or not containing the supplemental vitamin E were assayed us-
ing high-performance liquid chromatography (HPLC) technigues
(Chun and others 2006; Kim and others 2007). Thiamin, riboflavin,
and niacin were determined using the HPLC procedure of Dawson
and others (1988). The vitamin B; and vitamin By, concentra-
tions of the samples were determined by microbiological assays
(Sauberich 1967; AOAC 2006) using Saccharomyces uvarum (ATCC
9080) and Lactobacillus leichmannii (ATCC 7830), respectively. The
concentrations of each of these 6 vitamins, moisture, and total
lipids were determined for raw, broiled, and grilled flat iron steaks
and raw and broiled petite tenders from each of the 24 steers (to-
tal of 120 samples), all performed in duplicate. These methods or
similar methods had been used previously in our laboratory for de-
termining the selected vitamin content of several cuts from bison
(Bison bison) (Driskell and others 1997, 2000).

The identities of the vitamins were confirmed by standard addi-
tion (spiking) of beef samples with the appropriate vitamin prior to
extraction; vitamin recoveries were = 90%. The extraction method
and theBZRC or microbiological analytical methods were also vali-
dated using Standa rence Material 2383 (baby food compos-
ite, National Inst. of ards and Technology, Gaithersburg, Md.,
11.5.A)). The coefficients of variance for all vitamins were < 10%. All
content values are expressed on a wet weight (w/w) basis.

Statistical analyses

ta were analyzed using the mixed model analysis of vari-
ance (ANOVA) procedure (Dowdy and others 2004) using SAS soft-
ware (Statistical Analysis Software version 9.1, 2002-2003, Cary,
N.C., US.A)). The model was WDGS treatment, vitamin E sup-
plementation, and WDGS#vitamin E supplementation interaction.
Cooking treatment was included in the model when appropriate.
The vitamin contents of the 2 meat cuts were also compared using
the mixed model ANOVA implemented in PROC MIXED (Statistical
Analysis Software version 9.1); the individual cut was the experi-
mental unit, and animal was treated as a random block effect. The
data are given as LS mean + SE. Differences were considered signif-
icantat P < 0.05.

Results and Discussion

he initial body weights of the steers prior to finishing treat-

ment were a mean of 385.4 £ 1.7 kg. Carcass weights of the
steers at slaughter ranged from means of 372.3 to 409.5 (SE = 6)
and final body weights ranged from 591 to 650.3 (SE = 9.6) by treat-
ment group. Initial body weights, carcass weights, and final body
weights of the steers by treatment group were similar. The steers
received either 23.6 or 45.3 1U «-tocopherol/kg from the finishing
diets containing basal levels of the vitamin. The vitamin E require-
ment for growing beef cattle has been reported to be 15 to 60 1U kg
feed (McDowell 1989). Steers in the present study that received sup-
plemental vitamin E were fed an additional 500 IU «-tocopherol
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daily. Steers in the current study consumed around 11 to 12 kg (mean of 72.8% compared with 68.7%). Cooki imes for broiled
diet/d. Quantitative analyses indicated that the diet top-dressings flat iron steaks were significantly greater (P7=70.0001) than for
contained the appropriate quantities afelacapheml. grilled (mean of 23.9 compared with 17.7 min). The mean cooking
yield was 78.2% for broiled petite tenders and the mean cooking
CDDking Yiﬂld and time time was 25.3 min. The cooking yields in the current study were in
Cooking yields and times of broiled and grilled flat iron steaks linewith those reported by Yang and others (1994) for stir-fried, mi-
and broiled petite tenders are given in Table 1. No significant crowaved, and broiled beef strips from round steaks and by Gerber
differences were observed in cooking yields or times in each of and others (2009) for grilled beef ribeye.
the cuts by animal treatment. The cooking yields for broiled flat

iron steaks were significantly higher (P < 0.0001) than for grilled Moisture and total lipid content

Table 1 Cooking yields and times of raw, broiled, and The moisture and total lipid concentrations of the flat iron steaks

grilled flat iron steaks and raw and petite tenders by ani- 25 well as the petite tenders were not influenced by WDGS treat-
mal treatment.” ment, vitamin E supplementation, or cooking method. The mean

moisture and total lipid concentrations (g/100 g w/w), respectively,
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No vitamin E Vitamin E ' i
supplementation supplementation were as follows: flat iron steaks — raw, 69.5 and 13.2 g; broiled, 60.5
o, WDGS® Broiled Grilled Broiled Grilled SE*® and 14.2 % gl’lllcd 60 and 13 I pl:lil.t: tenders - raw, 73.2 and 8.6 %
- - broiled, 65.2 and 7.7 g. The quantities of water and of total lipids did
Caoking yields (%) ot appear to influence the concentrations of the vitamins in th
Flat iron stoaks not appear to influence the concentration: e vitamins in the
o 74.3 67.9 711 68.6 1.5 2meat cuts in the current study.
40 73.9 69.8 72.0 68.6 15
Petite tenders Nutrient content
0 791 - 78.2 - 15 The selected vitamin concentrations of raw flat iron steaks by an-
40 78.5 - 78.9 - 15 . i . . .
Cooking fimes (min imal treatment are given in Table 2. All 6 vitamin concentrations
ﬂFnIal igr;cm slea(ks ) were significantly different (P < 0.05) in raw flat iron steaks than
0 23.3 16.5 255 19.2 167 in thosgghat were broiled or grilled with concentrations of vita-
40 23.1 16.5 23.8 18.7 1.67 min E (@focopherol) and vitamin By, being higher in the cooked
Petite tenders while concentrations of thiamin, riboflavin, niacin, and vitamin Bg
0 25.0 - 26.1 - 0.8  were lower. The ti8¥4in and vitamin B concentrations of broiled
40 24.8 - 251 - 08  flatiron steaks were significantly higher (P=0.0001 and P = 0.0057,

*Values are least squares means + SE. Significance was determined by the proc  respectively) than that which was grilled; however, the opposite was
mixed procedure. Number of steers/group = 6. P

B\t d’lz‘stl\lersgramsand solubles. group = true for vitamin Byz (P < 0.0001). As expected, the «-tocopherol
©SE of cooked samples. concentrations were significantly higher (£ < 0.0001) in raw and

Table 2-- Selected vitamin concentrations of raw, broiled, and grilled flat iron steaks by animal treatment.®

No vitamin E supplementation Vitamin E supplementation
% WDGS® Raw Broiled Grilled Raw Broiled Grilled SE*
w-tocopherol (mg/100 g)
0 0.480 0.570¢ 05784 0.639¢ 0.800% 0.832% 0.030/0.057
40 0.527 0.632¢ 0.663¢ 0.817¢ 0.946% 0.863% 0.030/0.057
Thiamin (mg/100 g)
0 0.064 0.054% 0.048" 0.048 0.046% 0.041¢ 0.003/0.003
40 0.056¢ 0.05%" 0.045¢ 0.068¢ 0.0614 0.053¢ 0.003/0.003
R|boﬂavm (mg/100 g)
0.250 0.222¢ 0237¢ 0.280 0.241¢ 0.255¢ 0.017/0.024
40 0.313" 0.278¢ 0.254¢ 0.318 0.301¢ 0.263¢ 0.017/0.024
Niacin (mg/100 g)
0 3.737 2.868° 2981¢ 3.326 2.859¢ 2.515¢ 0.357/0.442
40 3.414 2.970¢ 2.865¢ 2.722 2.066¢ 1.964° 0.357/0.442
Vnamm B: (mg/100 g)
0.240 0.219% 0213 0.243 0.216% 0.210° 0.008/0.014
40 0.245 0.209% 0.203¢ 0.247 0.208% 0.201¢ 0.008/0.014
Vnamm B, (10/100 @)
5.780" 6.392* 6497 5.622" 6.235" 6.832" 0.449/0.425
40 4.108 5.440° 5.659% 4.072 4.843¢ 5.640% 0.449/0.425

“Values are least squares means + SE. Significance was determined by the proc mixed procedure. Number of steers/group = 6.

PWet distiller's grains and solubles.

“SE of raw/cooked samples.

“Vitamin concentrations of broiled and of t_:{rillecl meat were significantly different (P = 0.05) than that of raw meat.

“u-Tocopherol concentrations of raw, broiled, and grilled meat from vitamin E supplemented steers were significantly higher (P < 0.0001) than raw, broiled, and
9r|lled meat, respectively, from steers not supplemented vitamin E.

«-Tocopherol concentrations of raw meal from vitamin plemented steers fed 40% WDGS were significantly higher (P = 0.0005) than from those fed 0%.
SThiamin concent ns of raw meat from animals fed WDGS were significantly higher (P = 0.0467) than that from those fed 0% WDGS.

"Thiamin mncemgns of broiled meat were significantly higher (P = 000012 than that of grilled

'Riboflavin concentrations of raw meat from steers fed 40% WDG re significantly higher [P :#7} than from those fed 0%.

Vitamin Bz concentrations of broilegggeat were SI% ificantly high < 0.0001) than that of griled meat.

®\itamin By» concentrations in rawpfell < U 0001J roiled, and gri (P = 0.0162) meat from steers fed 0% WDGS were significantly higher than for raw, broiled,
and grilled meat, respectively. from
Vitamin B4z concentrations in griled 8 twere 5|gn|f|canw high = 0.0001) than that of broiled.
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cooked flat iron steaks from steers fed supplements of the vita-
in than in those from unsupplemented steers. The thiamin and
iboflavin concentrations of raw meat from steers fed 40% WDGS
were significantly higher (P < 0.05) than those from steers fed 0%
WDGS. The vitamin By» concentrations in raw, broiled, and grilled
meat from steers fed 0% WDGS were significantly higher (P < 0.05)
than for raw, broiled, and grilled meat from steers fed 40% WDGS.
No significant vitamin E+WDGS interactions were observed for any
of the vitamins.

The selected vitamin concentrations of raw and broiled petite
tenders by animal treatment are given in Table 3. Thiamin, ri-
boflavin, and niacin concentrations were significantly higher (P <
0.05) in raw than broiled petite tenders. As expected, the o-
tocopherol concentrations of raw and broiled petite tenders from
steers that were vitamin E-supplemented were significantly higher
(P = 0.0005 and P = 0.0233, respectively) than in those from un-
supplemented animals. The vitamin Bs concentrations of raw and
broiled meat from steers fed 40% WDGS were significantly higher
(P < 0.05) than those from steers fed 0% WDGS. No significant sup-
plemental vitamin E+sWDGS interactions were observed for any of

vitamins measured in petite tenders.
'he vitamin concentrations of the raw flat iron steaks and petite
a tenders in the current study were generally comparable to the val-
ues given for NDB No. 23041 (beef, chuck, shoulder clod, top blade,
steak, separable lean and fat, trimmed to 0" fat, choice, raw for flat
iron) and NDB No. 23034 (beef, chuck, shoulder clod, shoulder ten-
der, medallion, separable lean and fat, trimmed to 0" fat, choice,
raw for petite tender), for which there were 1 or 2 data points for
each cut, in USDA’s National Nutrient Database for Standard Refer-
ence (2008). The vitamin Bg concentrations of the 2 cuts in the cur-
rent study were closer to the 0.26 mg/100 g w/w reported for lean

Table 3 - Selected vitamin content of raw and broiled pe-
tite tenders by animal treatment.®

No vitamin E Vitamin E
supplementation supplementation
% WDGS* Raw Broiled Raw  Broiled SE®
w-tocopherol (mg/100 g)
0 0.503 0.551 0.787¢ 0.761° 0.052/0.063
40 0.597 0.647 0.742¢ 0.747° 0.052/0.063

Thiamin {mg/100 g)

0 0.067¢ 0.060 0.055*  0.054 0.005/0.005
40 0.069% 0.056 0.070°  0.058 0.005/0.005
Riboflavin (mg/100 g)

0 0.269° 0.231 0.255* 0,197 0.027,/0.025
40 0.263% 0.224 0.250*  0.204 0.027/0.025
Niacin (mg/100 g)
0 3.049% 2.569 2942 2.6840 0.203/0.265
40 3.187 2.624 3.212° 2594 0.203/0.265
Vitamin B; (mg/100 g)

0 0.339 0.302 0.369 0.361 0.024,/0.021

40 0.426' 0.384' 0.396' 0371 0.024/0.021
Vitamin B,z (:g/100 g)
0 3.308 3419 3140 3.306 0.360/0.319

40 3.351 3.351 3.812 3.718 0.360/0.319

*Values are least E.&uares means + SE. Significance was determined by the proc
mixed procedure. Number of steers/group’= 6.

PWet distiller's grains and solubles.

“SE of raw/cooked samples.

"u—TnoupheraI concentrations of raw (P < 0.0005) and broiled (P = 0.0223) meat
fram vitamin E supplemented steers were significantly higher than those from
nonsupplemented steers.

“Thiamin, riboflavin, and niacin concentrations were significantly higher B"
0.05) in raw than in broiled samples.

'Vitamin B concentrations of raw (P = 0.0256) and broiled (P = 0.0394) meat
forg(,m‘ﬂ%eérsf. fed 40% WDGS were significantly higher than those from steers fed

tissues of the foreloin of 54 bulls (Kirchgessner and others 1995),
for ground beel (Gregory and others 1981), for 70% lean beef roast
(Dong and others 1980), and for beef sirloin, fillet, roast beef, top-
side, and thick flank (Lombardi-Boccia and others 2005). The vi-
tamin concentrations of the 2 cuts in the current study were in
line with those reported for various beef cuts for thiamin (Dong
and others 1980; Yang and others 1994; Lombardi-Boccia and oth-
ers 2005}, riboflavin (Dong and others 1980; Lombardi-Boccia and
others 2005), and niacin (Lombardi-Boccia and others 2005).

he vitamin concentrations of grilled flat iron steaks and petite
tenders in the current study were generally comparable with val-
ues given for NDB No. 23042 (beef, chuck, shoulder clod, top blade,
steak, separable lean and fat, trimmed to 0" fat, choice, grilled for
flat iron) and NDB No. 23035 (beef, chuck, shoulder clod, shoul-
der tender, medallion, separable lean and fat, trimmed to 0" fat,
choice, cooked, grilled for petite tender) for which there were 1 or
2 data points for each cut, in USDA’s Natl. Nutrient Database for
Standard Reference (2008), though vitamin B; concentrations were
somewhat lower. The vitamin B concentrations of the 2 cuts in the
current study were closer to those reported by Gregory and others
(1981) for cooked ground beef. The various B vitamin concentra-
tions of the grilled and broiled flat iron steaks and the broiled petite
tenders in the current study were generally comparable or some-
what higher than those reported for various cooked beef cuts by
Yang and oth 1994), Lombardi-Boccia and others (2005), and
Gerber and ot (2009). Vitamin cooking retention values for the
B vitamins in the current study were generally similar to those re-
ported by USDA (2003). The vitamin E retention values observed
in this study were slightly higher than values reported by Yuan and
others (1999) for broiled and grilled bison patties.

Vitamin Bz is not an essential nutrient for beef cattle as
their ruminal microorganisms can synthesize vitamin B,, from di-
etary cobalt (NRCNAS 2000). Feeding high-concentrate diets may
(Walker and Elliot 1972; Halpin and others 1984) or may not
(MacPhearson and Chalmers 1984) decrease ruminal vitamin Bz
synthesis. The feeding of higher quantities of WDGS has been re-
ported to alter ruminal pH (Corrigan and others 2009; Vander Pol
and others 2009). Perhaps the decreased ruminal pH may have in-
fluenced the ruminal synthesis of vitamin By, in steers fed 40%
WDGS in the present study, thus decreasing the vitamin By, con-
centrations particularly in the flat iron steaks from these animals.

Evidence exists that thiamin can be synthesized by the ru-
minal microflora; however, the synthesis is subject to dietary
factors including the dietary carbohydrate and nitrogen supply
(McDowell 1989; NRCNAS 2000). The consumption of higher quan-
tities of WDGS influencing the ruminal pH (Corrigan and others
2009; Vander Pol and others 2009) may have influenced the syn-
thesis of thiamin, and thus the thiamin concentrations in the 2 beef
cuts in the current study.

Riboflavin, niacin, and vitamin Bs are not essential nutrients
for adult ruminants as ruminal microorganisms synthesize these B
vitamins in adequate amounts; however, deficiencies of these vi-
tamins can occur in young ruminants (McDowell 1989; NRCNAS
2000). The consumption of the higher quantities of WDGS may
have also influenced the synthesis of these 3 B vitamins.

It was not surprising that vitamin E supplementation signif-
icantly increased the vitamin E concentrations of the 2 cuts
in the current study in that supplementation with the vitamin
has been reported to increase the «-tocopherol concentrations
in beef muscles (Hidiroglou and others 1988; Faustman and
others 1989; Arnold and others 1993; Granit and others 2001;
Lahutky and others 2002). Alpha-tocopherol accumulation also is
muscle-dependent (Arnold and others 1992, 1993; Lahucky and
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others 2002). Vimn E supplementation of beef cattle results in
higher «-tocopherol concentrations in allmeat cuts (Zerby and oth-
ers 1999). Vitamin E supplementation of cattle has been reported
to result in steaks with more desirable overall appearance, less lipid
oxidation (Sanders and others 1997), and less oxidative susceptibil-
ity (O’Grady and others 2001; Lahutky and others 2002) than ob-
served in steaks from unsupplemented cattle. In the current study,
vitamin E supplementation during finishing resulted in higher (P=
0.0675) «-tocopherol concentrations in flat iron steaks but not pe-
tite tenders in steers fed 40% WDGS diets as compared to those fed
0% WDGS.

The stability of the vitamins to food processing including cook-
ery methods has been reviewed by Kim and others (2009). During
processing vitamin E, a fat-soluble vitamin, is lost rather rapidly.
Lossis accelerated by oxygen, light, heat, and various metals as well
as by the presence of free radicals in the fat. All of the B-vitamins
are water-soluble and unless humans cof@me the drip in the case
of meats, some of the B-vitamins as well as smaller quantities of
the vitamin E contents are lost. Thiamin is the most heat-labile of
the B-vitamins, with its decomposition dependent on pH and ex-
posure time to heat. Riboflavin is stable to heat, acidic conditions,
and oxidation if ultraviolet and visible light are excluded. Niacin is
not greatly influenced by thermal processing, light, oxygen, and pH.
Vitamin Bg is unstable to ultraviolet and visible light as well as al-
kaline pH. Vitamin By is generally stable to thermal processing but

not strong acid or alkaline conditions, intense visible light, and oxi-
dizing agents. The vitamin concentrations given in Table 2 and 3 are
given per 100 g w/w with the drip having been removed by blotting.

The B-vitamin content of the cooked meats in the present study

generally contained lower amounts of these B-vitamins, especially
once yieldis taken into account. The true retention values (Murphy
and others 1975) for vitamin E and vitamin B> were around 83%
to 84%, while those for thiamin, riboflavin, niacin, and vitamin Bg
were around 60% to 63%. The only significant difference observed
by cooking method was for vitamin By, in which the concentra-
tion (pg/100 g w/w) was higher in grilled meat than broiled. These
values are generally similar to those given for the B-vitamins in
beef, broiled cut (values not given for vitamin E) in USDA’s Table of
Nutrient Retention Factors (2007).

In the current study, the vitamin E, thiamin, and niacin con-
centrations of raw and broiled flat iron steaks and petite tenders
were similar as was the riboflavin content of the raw cuts. Signifi-
cant differences (P < 0.0001) between the vitamin B; and vitamin
Byz concentrations were observed between flat iron steaks and pe-
tite tenders in both their raw states and those broiled; however,
the retention values for vitamin Bg and vitamin By, for the 2 cuts
were similar. A significant difference (P= 0.0149) in riboflavin con-
centrations was observed between broiled flat iron steaks and pe-
tite tenders; however, the retention values for riboflavin for the 2
cuts were similar. Much individual variation was observed in these
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viLamin concentrations in both meat cuts. Some significant differ-
ences in vitamin concentrations by cut in beef have been reported
previously (Arnold and others 1992, 1993; Lahucky and others 2002;
Lombardi-Boccia and others 2005; Gerber and others 2009). Vari-
able fiber-type composition of muscles in the beef chuck and round
has also been reported (Kirchofer and others 2003) and this likely
influences the vitamin composition of the muscles.

The Daily Value is used in nutrient labeling of food products
(USFDA 2008). The mean percentages of the Daily Values of the vi-
tamins that would be provided in grilled and broiled flat iron steaks
and broiled petite tenders, respectively, in the present study are
given in Figure 1 and 2. According to USFDA (1992) regulations the
terms “high,” “rich in,” or “major source of” should be used when a
serving of food (in the case of meats, 100 g) contai % or more
of the Reference Daily Intake (also referred to as alues) for
that nutrient, and that the terms “source,” “good source of” or“im-
portant source of” be used when a serving of the food contains 10%
to 19% of the Reference Daily Intake or Daily Value for that nutri-
ent. Hencouked flat iron steaks and petite tenders from the beef
steers in the present study would be considered to be rich sources of
vitamin Bz and good sources of riboflavin, niacin, and vitamin Bg.
Dietary consumption of these beef value cuts can contribute con-
siderably to meeting the vitamin recommendations of humans.

Conclusions

lat iron steaks and petite tenders from steers fed finishing

rations containing 0% and 40% WDGS with and without sup-
plemental vitamin E had similar cooking yields and times. Cooking
yields were higher and cooking times were longer for flat iron steaks
that were broiled than those grilled. Cooked cuts from these steers
contained different, mostly significantly, quantities of the selected
vitamins as compared to when the cuts were uncooked. Vitamin E
concentrations of raw and cooked meat from steers that received
vitamin E supplements during finishing were significantly higher
than cmom those fed basal levels of vitamin E; however, the con-
centra of thiamin, riboflavin, niacin, vitamin Bg, and vitamin
Bz were similar. WDGS consumption significantly influenced the
thiamin, riboflavin, vitamin Bg, and vitamin Bi» concentrations in
raw flat iron steaks and vitamin Bg in raw petite tenders. Broiled flat
iron steaks contained significanty different quantities of thiamin,
vitamin Bg, and vitamin By; concentrations than those that were
grilled. Although a few differences in vitamin concentrations of the
flat iron steaks and petite tenders were observed by WDGS, vitamin
E supplementation, and cooking treatments, most of the
vitamin concentrations were statistically similar. These 2 beef
value cuts as human food sources are rich sources of vitamin By
and good sources of rboflavin, niacin, and vitamin Bs. Feeding
beef steers diets containing 40% WDGS with and without vitamin
E supplementation appeared to have minute effects on the vitamin
content of cooked flat iron steaks and petite tenders from these
steers, Thus beef producers can feed their steers finishing diets
containing 40% WDGS without impacting the contributions of
value meat cuts from these animals to the daily vitamin intakes
of consumers and also need not supplement these steers with
vitamin E.
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