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ABSTRACT: One hundred twenty crossbred steers (294 kg, initially)
were used in a 141-d finishing trial. Four concentrations (8, 16,
24, and 32% of diet DM of cottonseed neal (CSM, prepressed

sol vent extracted) replaced steamflaked corn in a corn-based
finishing diet. Increasing | evel of CSM decreased ADG (I|i near
conponent, P < .10), feed efficiency (linear conponent, P < .01),
and dietary NE (linear conponent, P < .01). (Qbserved dietary NE
was 99% of expected at 8 and 16% CSM but 95% of expected at

hi gher |evels of inclusion (linear conponent, P < .05). Level of
CSM did not influence (P > .10) dressing percentage, |ongissinus
area, fat thickness, or retail yield. Ei ght Holstein steers (285
kg) were used in a replicated 4 X 4 Latin square design to

eval uate treatnent effects on characteristics of digestion

Rum nal digestibility of OM decreased (linear conponent, P < .05)
as CSMincreased, although rumnal digestibility of starch and
feed N were not affected (P > .10). Rum nal escape protein from
CSM was 58% Total tract starch digestion was not altered (P >
.10), but total tract digestibility of OM and GE decreased

(l'i near conmponent, P < .05), and digestion of N increased (linear
conponent, P < .01) as CSMrepl aced steam fl aked corn. The ratio
of observed vs expected DE value of the diets were simlar across
CSM | evel s averaging .99. Thus, conparative DE val ue of CSM was
not affected by |evel of inclusion, averaging 3.32 Mal/kg. W
conclude that the NE, and NE; values of CSMare 1.88 and 1.24
Mcal / kg, respectively (in close agreenent with tabul ar val ues).
However, CSM shoul d not exceed 16% of DM, as higher |evels may
depress cattle performance and repl acenent val ue of CSM

Introduction

Cottonseed neal is a co-product fromoil extraction of the
seed kernel (after renoval of the hull). Due to its high protein
content (45% crude protein), the value of CSM has been |argely
ascribed to its value as a protein supplenent. Nevertheless,
availability and price can nake it attractive as an energy source.
Based on nutrient conposition, the NEm and NEg val ue of CSM has
been set at 1.82 and 1.19 Mal/kg, respectively (NRC, 1984). These
val ues have not been confirmed in growng-finishing diets for
feedlot cattle. At higher rates of inclusion, questions renmain
about effects on diet acceptability and carcass characteristics.
The objective of this study was to evaluate the influence of |evel
of CSM suppl enentation on its feeding value in finishing diets for
feedl ot cattle.

Experimental Procedure
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Trial 1. One hundred twenty crossbred steers (294 kg,
initially) were blocked by weight and randomy assigned within
wei ght group to 20 pens (six steers per pen). Pens were 43 nf with
22 nt overhead shade, automatic waterers and 2.4 mfence-line feed
bunks. The trial was initiated June 22, 1995. Average daily m ni num
and maxi mum air tenperature during the trial was 17.2 and 35. 8°C,
respectively. There was no precipitation, and average daily
relative humdity was 35% Four |levels of CSM (8, 16, 24, and 32%
of diet DM were substituted for steamflaked corn in a corn-based
finishing diet (Table 1). D ets were prepared at approxinmately
weekly intervals and stored in plywod boxes located in front of
each pen. Steers had ad libitum access to their diet. Fresh feed
was added twice daily. Steers were inplanted with Synovex-S°®
(Syntex, Des Mdines, IA) on d 1 and 56 of the trial. Hot carcass
wei ghts were obtained fromall steers at time of slaughter. After
the carcasses were chilled for 48 h, the follow ng neasurenents
were obtained: 1) |ongissinmus nuscle area (ribeye area), by direct
grid reading of the eye nuscle at the twelfth rib; 2) subcutaneous
fat over the eye nuscle at the twelfth rib taken at a | ocation 3/4
the lateral length fromthe chine bone end; 3) kidney, pelvic and
heart fat (KPH) as a percentage of carcass weight; and 4) marbling
score (USDA, 1965). Energy gain (EG was calculated by the
equation: EG = ADG %5 .0557W’, where EG is the daily energy
deposited (Mal/d), ADG is weight gain (kg/d) and Wis the nean
shrunk body weight (kg; NRC, 1984). Mai ntenance energy (EM was
cal cul ated by the equation: EM = . 077 W’ (Lofgreen and Garrett,
1968). From the derived estimates for energy required for
mai ntenance and gain, the NE, and NE;, values for the diet were
estimated by process of iteration to fit the relationship: Ng =
.877NE,, + .410 (derived from NRC, 1984). The basic |anguage
algorism for performng this iteration is given in Zinn and
Pl ascencia (1996). For calculating steer performance, initial and
final full weights were reduced 4% to account for digestive tract
fill. Pens were used as experinental units. The trial was anal yzed
as a random zed conpl ete bl ock design experinent. Treatnent effects
were tested for linear, quadratic, and cubic conponents by neans of
ort hogonal polynom als (Hi cks, 1973).

Trial 2. Eight Holstein steers (285 kg) wth cannulas in the
rumen and proxi mal duodenum (Zi nn and Pl ascencia, 1993) were used
in a replicated 4 X 4 Latin square design experinent to study
treatnent effects on characteristics of digestion. Treatnents were
the sanme as those used in trial 1 (Table 1), with .32% chromc
oxide added as a digesta marker. Steers were namintained in
i ndi vi dual pens with access to water at all tinmes. Diets were fed
at 0800 and 2000 daily. Dry matter intake was restricted to 2% of
body weight. Experinental periods were 2 wk, with 10 d for diet
adjustnment and 4 d for collection. During collection, duodenal and
fecal sanples were taken twice daily as follows: d 1, 0750 and
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1350; d 2, 0900 and 1500; d 3, 1050 and 1650, and d 4, 1200 and
1800. Upon conpletion of the trial, approximately 500 m of rum nal
fluid were obtained from each steer, conposited across diets;
bacteria were isolated via differential centrifugation (Bergen et
al., 1968). The mcrobial isolates were prepared for analysis by
oven drying at 70°C and grinding wwth nortar and pestle. Feed,
duodenal and fecal sanples were prepared for analysis by oven
drying at 70°C and grinding in a lab mll (Mcro-MIIl, Bel-Arts
Products, Pequannock, NJ). Sanples were oven dried at 105°C until
no further weight was lost and stored in tightly seal ed glass jars.
Sanpl es were subjected to all or part of the foll ow ng anal yses:
ash, ammonia N, Kjeldahl N (ACAC, 1984); chromc oxide (H Il and
Ander son, 1958); CE (adi abatic bonb calorineter); purines (Zinn and
Onens, 1986); and starch (Zinn, 1990). Mcrobial organic matter
(MM and N (MN) | eaving the abomasum were cal cul ated usi ng puri nes
as a mcrobial marker (Zinn and Owens, 1986). Organic matter
fermented in the runmen was considered equal to OMintake m nus the
di fference between the anmount of total OMreachi ng the duodenum and
MOM r eachi ng the duodenum Feed N escape to the snmall intestine was
considered equal to total N |eaving the abomasum m nus ammoni a- N
and MN and, thus, includes any endogenous additions. This trial was
analyzed as a replicated 4X4 Latin square according to the
followng statistical nodel: Y;,=p + B + Ay, + Po + T} + Ejy,
where B, is block, A, is steer within block, P, is period, T, is
treatnent and E,;, is residual error. Treatnent effects were tested
for linear, quadratic, and cubic conponents by neans of orthogonal
pol ynom al s (H cks, 1973).

Implications

The net energy val ue of prepress sol vent extracted
cottonseed neal is 1.88 and 1.24 negacal ories per kil ogram
respectively, when included at |less than 16% of diet dry matter.
These estimates based on feedlot cattle growh performance are in
cl ose agreenent with tabul ar val ues and estimates based on
nutrient conposition of cottonseed neal. Cottonseed neal should
not exceed 16% of the dry matter intake of grow ng-finishing
feedl ot cattle. H gher levels of cottonseed neal inclusion may
depress daily weight gain, feed efficiency, and the net energy
val ue of cottonseed neal. The | ower feeding value of the diet
with high levels of cottonseed neal inclusion is due largely to
energetic cost of elimnation of excess nitrogen.



Tabl e 1.

Conposi tion of experinmental

diets (Trials 1 and 2?)

Cottonseed neal level, %
ltem 8 16 24 32
| ngredi ent conposition, % (DM basis)
Al fal fa hay 6. 00 6. 00 6. 00 6. 00
Sundangr ass hay 6. 00 6. 00 6. 00 6. 00
Steam fl aked corn 65. 85 57.85 49. 85 41. 85
Yel | ow grease 4. 00 4. 00 4. 00 4. 00
Mol asses cane 8. 00 8. 00 8. 00 8. 00
Magnesi um oxi de .15 .15 .15 .15
Cott onseed neal 8. 00 16. 00 24.00 32.00
Li mest one 1.50 1.50 1.50 1.50
Trace mineral saltP? . 50 .50 .50 .50
Nutrient conposition (DM basis)¢®
DE, Mal/kg 3.97 3.91 3.87 3.82
NE, Mcal/kg
Mai nt enance 2.26 2.22 2.19 2.15
Gin 1.57 1.54 1.51 1.48
Crude protein, % 11.93 14. 82 17.70 20. 59
Et her extract, % 7.13 6. 89 6. 66 6.43
ADF, % 7.88 9.16 10. 44 11.72
Calcium % . 80 .81 . 83 . 84
Phosphorus, % .37 .44 .50 . 57
Pot assi um % .94 1.03 1.12 1.21
Magnesi um % .31 .34 . 38 .42
Sul fur, % .17 .18 . 20 .21
aChrom c oxide (.4% was added as a digesta marker in
Trial 2.
®Trace m neral salt contained: CoSQ, .068% CuSQO, 1.04%
FeSO,, 3.57% 2ZnO 1.24% MSQO, 1.07% KI, .052% and
NaCl , 92.96%

‘Based on tabul ar

net energy (NE) val ues for

i ndi vi dual



feed ingredients (NRC, 1984) wth the exception of
suppl emental fat, which was assigned NE, and NE; val ues
of 6.03 and 4.79, respectively.

Tabl e 2. Conposition of cottonseed neal (Trials 1 and 2)

WA44444444444444444444444444444448404404484444444444444444U
Cot t onseed neal

| tem Test @ NRCP

$33333313333133333333313331133331133331133)3113)))1))))))))Q
Conposition, % (DM basi s)

DM 91.2 91.0
Gossypol

Free . 06

Tot al 1.41

Crude protein 42. 4 45, 2
Sol ubl e N 5.7

Pepsin insoluble N 1.7
ADF 16. 8 17.0
Lipid 4.4 1.6
Ash 7.4 7.1
Ar gi ni ne 4.14 4.51
Hi sti di ne 1.74 1.74
| sol euci ne 1.25 1.56
Leuci ne 2.43 2.50
Lysi ne 2.25 1.73
Met hi oni ne . 59 . 62
Phenyl al ani ne 2.31 2.35
Thr eoni ne 1.29 1.44
Val i ne 2.04 2. 05
DE, Mal/ kg 3.51 3.53
NE, Mal/ kg

Mai nt enance 1.92 1.94
Gai n 1.28 1.30

S))))))))))))))))))))))))))))))))))))))))))5)))))))))))Q
agxpander - sol vent extracted cottonseed neal .

bTabul ar val ues for pre press solvent extracted cottonseed



meal (NRC, 1984).

°Ni trogen soluble in .15 N NaC followng 6 h incubation at

39°C (\Wal do and Coeri ng,
dBased on chem cal

1979) .
conposition according to the foll ow ng

equations (adapted from NRC, 1984; Zinn and Pl ascencia, 1993):

NE, = . 0255ADF% + . 0325CP% + . 0704EE% + . 0340NFE% -
DE = (NE, -.661)/.736, where NFE is 100 -

.877NE,, - .41,
CP% + EE% + ash% .

Tabl e 3.

| nfl uence of cottonseed neal

| evel

1.18, NE, =
( ADF% +

on growt h performance

of feedlot steers and net energy (NE) value of the diet (Trial 1)

Level of cottonseed neal, %

| tem 8 16 24 32 SE
Days on test 141 141 141 141

Pen replicates 5 5 5 5

Li ve wei ght, kg?®

I nitial 288.0 297.1 296.2 294.7 5.2

Fi nal ® 496.7 496.6 485.5 479.9 6.5
Wei ght gain, kg/d° 1. 47 1.41 1. 34 1.32 . 05
DM i nt ake, kg/d 7.85 7.89 8. 08 . 06 18
DM i nt ake/ gai n® 5.38 5. 60 6. 03 .13 15
D et net energy, Mal/kg

Mai nt enance® 2.24 2.20 2.07 2.04 .03
Gai n° 1.55 1.52 1.41 1.38 .03
(bserved/ expected diet NE

Mai nt enance® . 99 . 99 .95 .95 .01
Gai n¢ .99 .99 . 93 . 94 .01



Cottonseed neal NE, Mal/kg

Mai nt enance 1.88 1.32 1.55
Gai n 1.24 .75 . 95
g nitial and final live weights reduced 4%to account for

fi

l.

°Li near effect (P < .10).
°Li near effect (P < .01).
dli near effect (P < .05).

Table 4. Influence of cottonseed neal on carcass characteristics

(Trial 1)
Level of cottonseed neal., %

ltem 8 16 24 32 SE

Carcass w, kg? 312.3 315.3 306.8 302.1 4.4

Dressi ng percent age 62.9 63.5 63. 2 63.0 .3

Longi ssi nus area, cnt 78.2 79.6 78.6 77.8 1.0

Fat thickness, cm 1.08 1.18 1.03 1.17 .09
KPH, 9% 2.32 2.35 2.18 2.38 . 06
Mar bl i ng score, degree® 3. 66 3. 84 3. 46 3.62 .10
Retail yield, % 50. 4 50. 3 50. 7 50. 3 .3

Li ver abscess, % 16.7 30.0 25.3 20.0 8.4

aLi near effect (P < .10).
Ki dney, pelvic, and heart fat as a percentage of carcass

i ght.

°Cubic effect (P < .10).
dCubic effect (P < .05).
¢Coded: mnimumslight = 3, mnimumsmall = 4, etc.



Tabl e 5. Influence of cottonseed neal on characteristics of
rum nal and total tract digestion in steers (Trial 2)

Level of cottonseed neal., %

ltem 8 16 24 32
St eer wei ght, kg 285 285 285 285
Ani mal replicates 8 8 8 8
I nt ake, g/d
DM 5589 5593 5612 5623
oM 5237 5224 5229 5227
N 104 128 148 173
Starch 2593 2374 2031 1836
GE, Mal/kg 25.2 25.2 25.3 25. 4

Flow to the duodenum g/d



ow 2886

St ar ch? 475

Nonamoni a Ne¢ 126. 3

M cr obi al 65.9

Feed N° 60. 4
Rum nal digestion, %

ow 57.0

Feed N 42. 4

St arch 81.6
MN ef ficiency?d 22.1
N ef ficiencyb® 1.20
Fecal excretion, g/d

ow 1107

NP 38.9

St ar chf 39.0

GE, Mcal/dP 6. 33
Postrum nal digestion, %

oV 61.5

N 70.0

St arch 92.3
Total -tract digestion, %

ow 78. 6

NP 62.8

St arch 98. 3
Di gesti bl e energy

6 74.8

Mecal / kg? 3.37
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aLi near effect (P < .05)
°Li near effect (P < .01)

‘Quadratic effect (P < .10).
iGrams microbi al

N kg OM fernent ed.
®Nonammoni a N | eavi ng the abomasuni N i nt ake.
fLinear effect (P < .10).



