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Summary

Ninety feeder steers, predominantly Herefords weighing 280 kg, were assigned at random to each
of nine diets: basal (high concentrate); 25 ot 50% of untreated rice straw (25- or 50 URS) or ammonia-
ted rice stiaw (25- or 50 ARS); a 50:50 mixture af URS - alfalfa o1 ARS - alfalfa replacing 2 propor-
tion of the basal at 25 and 50%. Animals were slaughtered after 154 or 161 days of feeding. The cattle
fed 50% URS had the lawest (P <.05) cavcass weight, diessing & external fat thickness, kidrey, peivic
and heart fat, tib eve area, marbling score, quality and yield grades, followed by cattle fed 50% ARS,
50% rice strawfalfalfa, and 25% rice straw alone or 25% rice straw/alfalfa mixture. Ammoniation of rice
straw improved all measured traits. A 25% substitution of basal diet with untreated or ammaoniated rice
straw and a 50% substitution with rice straw/alfalfa mixture did not significantly affect carcass traits
ccmpared to the basal graup. Only 50% ARS and 50% URS cattle shewed differences in bady composi-
tion (p <.05) with lower fat and higher water and protein contents. No significant differences were
found in shear value, panel tenderness, connective tissue, juiciness, flavor and overall palatability of

meat from steers fed the basal, ARS or URS diets.
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Introduction

Researchers continue to examine the effects
of dietary energy on growth rate, ¢arcass composi-
tion and meat palatability. In general, finishing
cattle on high energy or grain diets results in a
higher rate of gain, higher dressing percentage.
larger rib-eye area, more carcass fat, higher quality
grade and higher yield grade number {Moody,
1976; Aberle et al,, 1981). Furthermore, ineat
from cattle finished on high energy dicts 1s gene-
rally more tender, more desirable in flavor and
more satisfactory in overall palatability than meat
from cattle finished on low energy diets (Bowling
et al.,, 1977; Harrison et al., 1978; Aberie et al,
1981). This observation was generally true when
the animals were fed high or low energy diets for
a constant time and slaughtered at constant age.
When the animals were finished to the same
quality grade or identical market weight, however,

* Address reprint requests to Dr. [n K. Han, Animal
Science Department, Coliege of Agriculture, Seoul Na-
tional University, Suweon 440-744, Korea

Received January 13, 1988

Accepted March 23, 1988

types of diets had little influence on organoleptic
quality of meat (Bidner, 1975; Schupp et al.,
1976).

Rice straw is one of the most abundant crop
residues in many countries. The major problems
associated with the use of rice straw as an animal
feed are low nutrient content and poor digesti-
bility. Various chemical treatments can imprave
the nutritive value of rice stzaw. Ammoniation has
been one of the most commonly used chemical
procedures to improve utilization of crop residues
as feedstuffs for ruminants. Ammoniation is
effective in improving dry matter digestibility and
voluntary feed intake, and has the added benefit
of increasing the crude protein content of the
treated crop residue (Han and Garrett, 1986).
Garrett et al. (1974) found that lambs consumed
more feed and had higher gains on diets in which
untreated rice straw had been replaced with
ammoniated rice straw. Untreated rice straw
had a digestible enerpy value of about 51% that of
alfalfa hay while ammoniated rice straw had a
digestible energy econcentration of about 70%
that of alfalfa hay. 1. K. Han {personal communi-
cation) found that steers gained consistently faster
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when they wcre fed diets containing ammoniated
rice straw instead of untreated rice straw.

Little information is available concerning the
effect of ammonia treatment of crop residues on
carcass and meat quality. Therefore, the ohjectives
of the present investigation were to examine the
effects of substituting high quality grain or alfalfa-
hay finishing ratians with untreated rice straw
{URS) or anhydrous ammonia treated rice-straw
{ARS) on carcass traits, carcass composition and
meat palatability of steers.

Materials and Methads

Ninety feeder steers, predominantly Herefords,
weighing approximately 280 kg were obtained
from the University of California at Davis (UCD)
Sierra Field Station. Upon arrival at the UCD
feedlot, the stecrs were implanted with Synovex-S
and were assigned at random in a comparative
slaughter feeding experiment to nine diets: basal

{high concentrate); 25 or 50% of untreated rice
sttraw (URS) or ammoniated (plastic covered
bales, 4.6 NHi by weight) rice straw (ARS)
proportionately replacing part of the basal; a
50:50 mixture of URS/alfalfa or ARS/alfalfa
replacing a proportion of the basal at 25 and 50%
(table 1). All diets were formulated to contain
about 12% praotein and any necessary vitamins and
minerals. Each nutritional regimen consisted of
10 individually fed steers {constant access to feed
and water). Half the experimental animals from
each treatment were slaughtered after 154 days
and half after 161 days of feeding.

At the end of the feeding period, the cattle
were transported to a commercial packing plant
and slaughtered. Carcasses were chilled in a 4°C
cooler and the temperature drop in the center of
the loin eye muscle was monitored at 2 h inter-
vals. At 24 h postmortem, a USDA meat grader
assigned USDA quality grade factors (USDA,

TABLE 1. COMPOSITION OF DIFTS
Rice Straw Rice Straw/Alfalfa

Ingsedients Rasal o  Contral Ammoniated Controd i Ammaniated

25% 50% 25% 50% 25% 50% 25% 50%

Ingredients, %
I"":t':affu'}?;) 50 287 524 - £ 163 275 -
A“s‘t‘;‘:\:"?rgs')‘“ 287 524 16.2 2.5
Alfalfa - = - - 12.5 25.0 12.5 25.0
Cotn 13.0 §3.1 336 53.6 34.6 54.1 358 54.2 36.3
Saybean meal 10.0 7.4 5.0 7.4 4.9 1.5 5.0 7.6 4.8
Molasses 8.0 6.0 4.0 6.0 4.0 6.0 4.0 8.0 4.0
Fat 2.4 1.9 14 1.9 1.4 1.9 1.5 1.7 1.2
Dicalcium Phosphate 5 1.0 1.0 1.0 1.0 1.0 7 1.0 7
Qyster shell 6 6 .6 6 6 2 - 2 -
Trace mineral salt® 5 =] .5 S .5 s .5 5 5
Urea - 8 1.5 3 K - - = =
Vitamin A pmmixh + + + + . + + + +
Nutrient composition
e ey 779 652 593 681 60 689 637 683 655
matfer, %

Crude pratein, % 12.4 12.3 121 12.2 12.1 122 12.1 126 13.0
MF, Mcal/kg 2.8 2.3 1.9 24 2.0 24 2.2 2.4 2.3

2¢antains: NaCl, 95%; Zn, 0.35%; Mn, 0.28%, Fe, 0.17%; Cu, 0.035%; Co, 0.007%; 1, .007 %.
62.4 g of vitamin A premix was added ta 100 kg of experiments! diet.
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1975) and prades to each carcass. At the same
time, rib-eye area and fat thickness were measured
at the 12th rib.

The right side of each carcass was shipped via
refriperated truck to the UCD meat laboratory.
Final body composition of experimental steers
was determined from carcass density as described
by Garrett and Hinman (1969).

Two 2.54 cm thick steaks were cut from the
primal rib starting from the 12th rib. The steaks
were placed in a plastic bag, vacuum packaged,
transferred to a holding cooler (4" C)and aged for
7 d. After aging, the stcaks werc frozen and stored
at —20°C for subsequent palatability determina-
tions. Each pair of frozen steaks were removed
from the freezer and thawed for 24 h in a cooler
prior to cooking. Each steak was then placed
12 c¢m from the heating coil in an electric oven and
oven broiled to a final internal temperature of 70°C
as monitored by a metal thermometer inserted in
the geometric center of each steak. During cooking
the steaks were turned every 6 minutes to insure
even distribution of heat. Samples from the
cooked 11th rib steak were served, while warm,
to a trained 6-member sensory panel for the
evaluation of palatability (AMSA, 1975). Panelists
independenily rated the samples using an 8-point
descriptive scale (8 = extremely tender, no detec-

table connective tissue, extremely juicy, extremely
intense flavor, and extremely acceptable overall
palatability; 1 = extremely tough, abundant
cannective tissue, extremely dry, extremely bland,
and unacceptable overall palatability). The average
panel score for cach sensory attribute was used
in the statistical analysis.

The 12th rib steak was allowed to cool to room
temperature (25°C) before three 2 cm core samples
were extracted from the central, medial and
lateral locations, parallel to the longitudinal orien-
tation of the muscle fibers, for Warner-Bratzler
(WB) shear force measurements. One shear was
obtained from each core sample and the overall
WB value was an average of the three values.
After removing the core samples, the remaining
central portion of each steak was coarsely ground.
A 20 g sample of ground meat was used for Lee-
Kramer (I.LK) shear force measurements as descri-
hed by Lee (1983). Shear force measurements
(WB and LK) were conducted on an Instron
machine.

Data were analyzed using the analysis of varian-
ce and Duncan's multiple range test (Steel and
Torrie, 1960).

Results and Discussion
Carcass characteristics of beef fed nine dietary

TABLE 2. CARCASS MEASUREMENTS AND QUALITY TRAITS BY NUTRITICKAL AEGIMEN

Rice Straw Rice Straw/AMalfa
Control Ammaniated Control Ammoniated

Item Basal 25% 50% 25%  S0%  25% 50%  25%  S0% SE
Carcass weight, kg 308.2°  289.3° 24339 296.8° 265.1° 303.8° 2839 29375 280.1%¢ 3.7
Dressing percent-  62.1°0  61.4%¢ 5848 6299 goof 6308 607%F 6289 613 2

age, %
Maturity A A A A A A A A A
Marbling score® 485  46° 359 45 379 455 465 425 43° .
Quality grade” 11.2°  109° 84° 109°  god 108° 112 104°9 103% 2
Bag';f“‘ fiiekncss, 145 15° B e & B2 ME BE E §
Kidney heart,pelvie g% psede 19l 2% 290 995 26 aa%® 24
Rib eye area, cm? 76.8°  74.6° 66.0 759  207°0  733° 724°  745°  724% 7
Yield grade 3.2° 29  21®° 30° 249 32° 2999 3p°  2p°d

A8m = 5.0, Sm 47,8 =4.3,81=4,5[=3.7,T1* = 33, Tr=30,Tt =27,
Avg Chaice = 13, law chaice = 12, high Good = 11, avg Goad = 140, low Goad = 9, high Standard - 8, ave

Standard - 7, low Standa:d - &.

c.def, EMenns with different superscripts in the same row differ significantly (P <.05).
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regimens are presented in table 2. The 50% URS
group showed lower {p <.0%5) values in all the
carcass traits, followed by 50% ARS, S0% rice
straw/alfalfa, and 25% rice straw alone or ftice
straw/alfalfa mixture. Ammoniation of rice straw
increased final carcass weight, dressing %, backf{at
thickness, kidney, pelvic and heart (KPH) fat, rib
eye area, quality and yijeld grades as compared to
untrecated rice straw. No statistical differences
were found among basal diet and 25% ARS or
URS groups, indicating that 25% substitution with
rice straw did not significantly affect carcass
traits. When alfalfa was included in the diet, all
carcass traits were improved compared to rice
straw alone, particularly at the 50% substitution
level. No statistical differences were found among
the basal diet group and 50% URS-alfalfa or 50%

ARS-alfalfa groups for any carcass traits except
dressing %.

Effects of dietary energy on carcas$ traits in
our study are in agreement with those of previous
studies (Maody, 1976; Bowling et al, 1977,
Aberle et al., 1981) which reported a higher rate
of gain, higher dressing percentage, larger rib eye
area, more carcass fat, higher quality grade and
lower cutability for the high energy or high grain-
fed cattle.

Final body composition of steers on the differ-
ent nutritional regimens is summarized in table 3.
As expected, the 50% ARS and 50% URS groups
had less (p < .05) body fat and higher water and
protein contents than cattle on the other diets.
No differences were found among the remaining
treatment groups in body composition. Because

TABLE 3, FINAL BODY COMPQOSITION OF STEERS BY NUTRITIONAL REGIMEN

Rice Straw

Rice Straw/Alfalla

o Contrel Ammaniated Control Ammoniaied
Item Basal 25% 50% 25% 50% 25% 50% 25% 50% SE
Wates, % 519 53.8° 588 5257 s576P  §3.0° 538 5347 5407 4
Fat, % 288% 2627  197° 2792 3P 21737 263 2677 258 5
Protein, % 158 1637  175°  159%  172°  160° 162 162* 163* i
Encrgy, Mcallkg 367 3.4? 2.8 g598 ol i 3.42 3.4° 337
a’bMeans in the same row with different superscripts differ significantly (P <.05).
TABLE 4, PALATABILITY ATTRIBUTES BY NUTRITIONAL REGIMEN
Rice Straw Rice Straw/Alfalfa
Cantrol Ammoniated Control Ammoriated
Ttem Basal  25% 50% 25% 50%  25% 50% 25% 0%  SE
WB shear, kg 6.5 659 998 g1 90° 695 6799 69 19 1
I-K shear, kg®  105.5° 109.2°0 113.6° 114.4°9 111.7°¢ 1094°0 111.7° 11709 977 25
Tendernesst 4.8 5.3 5.0 4.1 5.0 4R 5.0 41 55 2
Connective? 5 gcd s.q¢d 5.5¢d 4.9¢d < god 4.9cd 5.0 gt 5.sd 1
tissue amount . - ’ ’ = : : ) ) .
luiciness 4.8 5.1 5.1 4.7 5.1 49 5.1 4.9 5.0 A
Flavor intensity?  §.1 5.1 4.9 5.0 4.8 4.8 4.9 49 49 1
Overall 4.5 51 4.6 43 48 4.5 48 45 53 2

nalatability

? Lee-Kramer shear expressed as kg farce/20 g meat sample.

h& = extremely tender, 1 = extremely tough; B = none, | =abundant; 8 = extremely juicy, 1 = extremely
d;y; 8 = extremely intense, 1 = extremely hiland; 8 = extremely acceptable, 1 = unacceptable.

© YMeans in the same row with different superscripts differ significantly (P <.05).
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of low fat content, energy content per gram of
body weight was lower (p <.05) in 50% URS and
50% ARS treatment groups. No differences were
found in energy content among the remaining
freatment groups.

Beef from cattle finished on high energy diets
is generally more tender, morc desirable in flavor
and more satisfactory in overall palatability than
beef from cattle finished on low energy diets or
pasture (Bowling et al.,, 1977; Harrison et al,
1978, Aberle et al, 1981). In our study, little
difference was found in shear value, panel tender-
ness and residual connective tissue among the
treatment groups (table 4). All were marginal in
tenderness — only “slightly tender”.

The decline of carcass temperature as moni-
tored during conventional chilling in a commercial
packing plant by a metal thermometer inserted in
the center of the longissimus muscle was very
gradual with a drop of 2.5 “C/h duting the first 5
h of chilling (33°C at 3h and 27°C at 5h). This
delayed chilling could explain why meat from the
lower fat carcasses (50% URS and ARS groups)
was comparable in tenderness to ather carcasses.
Bowling et al. (1977) also reported that high-
temperature chilled, forage-finished heef was not
different ratings
of muscle fiber tenderness or amount of urganc-
leptically-detectable connective tissue.

from grain finished beef in

No differences were found in juiciness, flavor
intensity and overail palatability among the
treatment groups. This indicates that 25 ta 50% of
rice straw in the diet did not adversely affect meat
palatability when carcases were chilled slowly.
The USDA marbling scare af 50% 1IRS fed cattle
was 3.5 (between trace’ and slight) compared
to 4.8 (sm) of cattle fed the basal diet (table 3).
Thus, one unit difference in marhling scare did not
cause any difference in flavor perceived hy the
panel. Since even the 50% roughage proups con-
sumed substantial amounts of concentrates and

carcasses were chilled slowly, it is not surprising to
find acceptatle beef produced from all treatments.
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