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Abstract This paper aims at studying the effect of steam-flaked corn instead of corn in the diet for finishing steers on
the growth performance and blood biochemical parameters. A single-factor design was used. There were 28 simmental
crossbred steers with the similar bodyweight (414.4+29.3 kg, P> 0.05) selected and allotted to four groups with seven
duplicates in each group. Steam-flaked corn replaced the proportion of normal cracked corn, which was of 0, 30%, 60%,
or 90% in the concentrate of Groups I, II, III, or IV, respectively. The results showed that the steam-flaked corn
replacing ordinary cracked corn could significantly improve the growth of steers. The daily growth rate (ADG) was
increased by about 37.16% from 985.3 g/d to 1351.4 g/d. The feed efficiency was significantly improved by 27.46%. The
feed to gain ratio was decreased from 5.68 to 4.12. Serum urea nitrogen was decreased from 4.59 mmol/L to 3.66 mmol/L.
Under the experiment conditions, steam-flaked corn replacing ordinary cracked corn could increase the feed efficiency

with an optimal replacing ratio of 90%.

Keywords

Introduction

In the recent years, the amount of beef cattle is gradually
increasing. Beef cattle industry plays an important role in
improving the development of animal husbandry. How to
improve the growth performance and the beef quality through
dietary nutrition regulation becomes a research hotspot in this
field. Corn is a main energy source in ruminant diets due to its
high content in starch, and the digestibilities of corn for
animals directly affect the performance and beef quality (Shi
et al., 2006). It is reported that steam-flaked processing for
corn could significantly increase starch and feed availability
(Owens et al.,, 1998) and decrease feed waste and the
pollution to the environment (Chen et al., 2009), thereby
improving cattle performance (Owens et al., 1997; Bengo-
chea et al., 2005; Reed et al., 2005) and BW gain efficiency
(Xiong et al., 1991). Steam-flaked corn (SFC) has been
utilized as dietary ingredients in finishing beef cattle overseas,
but it was not reported in China. The objective of our research
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was to supply theoretical basis for SFC application through
making clear the effects of steam-flaked corn instead of
common cracked corn in the diet of finishing steers on the
growth performance and blood biochemical parameters.

Materials and methods

SFC sources

The SFC used in this study was manufactured commercially
in the same process, and vice versa (Kaite Feed Corp., Hebei,
China). Briefly, corn was steam-flaked in a 300-kg vertical
stainless steel chamber at 100-110°C for about 50 min.
Moisture in the chamber was raised to 18%—19%. The corn
was then passed through a prewarmed roller mill (50 cm X
75 cm) to produce flakes at 360 g/L density, which were then
bagged in plastic bags and sealed.

Experimental design and diets

The study was carried out in the Xinshengyuan Beef Cattle
Farm. Twenty eight healthy Simmental beef cattle hybrids
with 414.44+29.3 kg body weight (BW) at age of 2024
months were used and randomly allocated to four groups with
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seven replicates each. The diets for the beef cattle included
concentrate, corn silage, and distilled grains. The replacing
ratio of SFC to FGC in diets was 0%, 30%, 60%, and 90%,
respectively, of the diet DM. Energy and protein were
maintained similar among treatments. In Stage 1, each beef
cattle was fed with 4.45 kg concentrate, 6.11 kg corn silage,
and 3.11 kg distilled grains per day. During Stage 2, each beef
cattle was fed with 6.05 kg concentrate, 7.6 kg corn silage,
and 2.3 kg distilled grains per day. The ingredient and nutrient
composition of concentrate for beef cattle during Stage 1 and
Stage 2 are shown in Tables 1 and 2.

After being dewormed, all the experimental cattle were
weighed and randomly allotted to one of the four groups with
similar average BW with the diets offered in an equal portion
twice daily at 7:00 and 16:00. All the cows were housed in the

stalls, fed individually, with free access to water during 12:00
to 12:30. The cattle were weighed on three consecutive days
at the beginning and the end of the experiment.

Feed ingredients were sampled weekly. Composite samples
were mixed thoroughly and subsampled for chemical
analyses. The status of feed offered and excreta from
individual cows were recorded daily. Orts were mixed in
each treatment, and a representative sample was frozen daily.
Samples of corn silage and distilled grains were frozen daily,
and samples of individual TMR were used for analysis of
DM, ether extract, NDF, ADF, and CP.

Weekly, feed samples were dried at 60°C in a forced air
oven for 48h (AOAC, 1999) and then grounded through a
1-mm screen of a standard Wiley mill (model 3; Arthur H.
Thomas Co., Philadelphia, PA). Daily DMI for individual

Table 1 Ingredient and nutrient composition of concentrate for beef cattle during Stage 1
Items Treatments
1 (0%) 11 (30%) 111 (60%) 1V (90%)
Ingredient /% DM basis FGC 66 46.2 26.4 6.6
SFC 0 19.8 39.6 59.4
Wheat 8 8 8 8
Cottonseed meal 20 20 20 20
Urea 1.5 1.5 1.5 1.5
Limestone powder 1.8 1.8 1.8 1.8
Salt 1.0 1.0 1.0 1.0
Sodium bicarbonate 1.5 1.5 1.5 1.5
Premix 0.2 0.2 0.2 0.2
Total 100 100 100 100
Nutrient contents of the diets NEg/(MJ/kg) 3.36 3.79 4.22 4.65
CP/% of DM 14.44 14.37 14.31 14.24
Ether extract/% of DM 3.03 3.05 3.07 3.1
Calcium/% of DM 0.756 0.760 0.764 0.768
Phosphorus/% of DM 0.374 0.374 0.373 0.373
Table 2 Ingredient and nutrient composition of concentrate for beef cattle during Stage 2
Items Treatments
1 (0%) 11 (30%) 111 (60%) 1V (90%)
Ingredient /% DM basis FGC 73 511 29.2 7.3
SFC 0 21.9 43.8 65.7
Wheat 5 5 5 5
Cottonseed meal 16 16 16 16
Urea 1.5 1.5 1.5 1.5
Limestone powder 1.8 1.8 1.8 1.8
Salt 1.0 1.0 1.0 1.0
Sodium bicarbonate 1.5 1.5 1.5 1.5
Premix 0.2 0.2 0.2 0.2
Total 100 100 100 100
Nutrient contents of the diets NEg/(MJ/kg) 3.39 3.86 434 4.80
CP/% of DM 12.92 12.85 12.78 12.71
Ether extract/% of DM 3.09 3.11 3.14 3.16
Calcium/% of DM 0.745 0.750 0.754 0.758
Phosphorus/% of DM 0.320 0.319 0.318 0.318
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cattle was calculated by subtracting the weekly mean of orts
from the weekly mean of feed offered.

The DM contents of feed, orts, and fecal samples were
determined by oven drying at 105°C for 48 h (AOAC, 1999).
The total N contents of feed, orts, and fecal samples were
determined by auto Kjeltec™ 8400 Analyzer (FOSS,
Technology, Eden Prairie, MN). Crude proteins were
calculated as N x 6.25. NDF and ADF were determined
using the modified filter bag method of Van Soest et al. (1991)
and an ANKOM 2000i Auto Fiber Analyzer (ANKOM
Technology Corp., Fairport, NY). Ether extraction of feed
ingredient and diets was conducted with a Soxlec system HT6
apparatus (Tecator, Fisher Scientific) according to method
920.39 (AOAC,1999).

The total feces were collected for three consecutive days at
the last week of the second period from a rubber mat placed
behind the cattle and stored in plastic containers. The mass of
the feces was recorded on an individual cow basis. The
collected amount was thoroughly mixed, and 10% subsample
was taken and stored at —20°C for subsequent analyses. The
samples were dried in a forced draft oven at 60°C for 72 h,
ground through a 1-mm screen (Wiley mill), and analyzed for
DM, NDF, ADF, ether extract, and CP as described earlier for
feeds.

All cattle were weighed individually using the squeeze
chute-scale at the beginning and end of the experiment for
three consecutive days before feeding in the morning. On
each weighing day, feed bunks were swept.

Blood samples were collected by means of jugular vein
puncture. After coagulation, the serum was obtained by
centrifugation at 3000 r/min for 20 min at 4°C. Serum was
stored at —20°C. The concentrations of glucose, urea
nitrogen, total cholesterol, and triglyceride were measured
according to the methods from commercial kits (Nanjing
Jiancheng Bioengineering Institute, China).

Statistical analyses

The ADG and F:G was calculated on a BW. The F:G was
computed as the quotient of ADG divided by daily DMI. All
data were analyzed with pen as the experimental unit as a
randomized complete block design using the MIXED

procedure of SAS. Differences between treatment means at
the 5% level were determined using the least significant
difference test.

Results
Growth performance and feed efficiency

The bodyweight at the beginning and the end, average
daily weight gain (ADG), and the feed efficiency are
shown in Table 3. Initial BW did not differ between the
four groups (P >0.05). The total DMI measured during
the experiment was similar among treatments. With the
increasing of SFC substituting ratio in the diet, the total
growth weight, and ADG were extremely significantly higher
than those of the control group (P < 0.01). However, there
was no difference between Groups III and IV (P> 0.05).
Compared with the control group, the ADG was increased by
19.92%, 29.27%, and 37.16% for diets with SFC replacing
common cracked corn at 30%, 60%, and 90%, respectively.
SFC in diet could significantly improve feed efficiency, with a
decrease of the feed to growth ratio by 16.40%, 23.52%, and
27.78%.

The apparent digestibility of nutrients

Effects of dietary on apparent total tract digestibility of
nutrients are shown in Table 4. There was no significant effect
on the apparent digestibility of DM, NDF, ADF, and
phosphorus (P> 0.05). The apparent digestibility of crude
proteins, ether extract and calcium was significantly higher in
the treatment with SFC (P < 0.05).

Blood biochemical parameters

Effects of SFC replacing common cracked corn in the diet on
blood parameters of beef cattle are shown in Table 5. There
was no significant difference of glucose, urea nitrogen
(BUN), triglyceride, and cholesterol in blood among treat-
ments (P > 0.05). With the increasing of replacing ratio, BUN
tended to decrease (P > 0.05).

Table 3 The bodyweight at the beginning and the end, ADG, and the feed efficiency

Ttoms Treatments

Group I (0%) Group 1I (30%) Group III (60%) Group IV (90%)
Initial BW/kg 413.2426.2° 415.7+40.4° 415.7424.1° 412.9431.2°
BW at the end/kg 531.4426.1° 557.5450.7% 568.6428.7% 575.0+38.1°
Total bodyweight gain/(kg/d) 118.2+11.6%¢ 141.8£17.554AP 152.9410.74%® 162.14£22.4"
ADG/g 985.3+96.85¢ 1181.6+45.654° 1273.7489.34%® 1351.44186.5"°
DMI/(kg/d) 7.88 7.90 7.78 7.80
F:G 7.99 6.68 6.11 5.77

Means in the same line with different small letter superscript differ significantly (P < 0.05), with same small letter superscript showing no significant difference
(P> 0.05), with different capital letter superscript meaning extremely significant difference (P < 0.01).



Ruijing LI et al.

591

Table 4 Effect of dietary on apparent total tract digestibility of nutrients (%)

Ttems Treatments
Group I (0%) Group 1I (30%) Group III (60%) Group IV (90%)

DM/% 95.154+0.49 95.73+0.39 95.99+0.32 96.30+0.43
CP/% 70.7642.08° 72.10£1.02%° 73.44+0.17" 73.77+0.65"
Ether extract/% 91.18+0.39¢ 92.1040.51°° 93.26+0.59* 93.61+£1.29*
NDF/% 60.89+2.60° 61.84+1.81° 61.95+2.69* 61.14+1.12°
ADF/% 52.37+4.19* 56.74+1.57" 57.05+£2.17* 56.84+0.98"
Ash/% 27.47+12.44° 32.95+3.47° 29.06+3.32" 22.114+3.14*
Ca/% 36.41+4.02¢ 41.22+1.63° 43.5241.18% 46.24+2.34°
P/% 75.39+4.58" 77.89+1.95° 79.2643.09* 75.714£0.93*

Means in the same line with different small letter superscript differ significantly (P < 0.05), with the same small letter superscript showing no significant
difference (P > 0.05), with different capital letter superscript meaning extremely significant difference (P < 0.01).

Table 5 Effect of SFC in diet on blood parameters of beef cattle

Items Group I (0%) Group II (30%) Group III (60%) Group IV (90%)
Glucose (mmol/L) 5.91+0.01° 5.9240.04* 5.93+0.01° 5.94+0. 02°
Urea nitrogen(mmol/L) 4.59+0.11° 4.56+0.06" 4.54+0.16" 3.66£0.23°
Triglyceride (mmol/L) 0.3740.03" 0.3740.04" 0.3740.06° 0.37+0.07°
Cholesterol (mmol/L) 2.4940.43° 2.3840.24° 2.1240.08° 2.0940.06"

Means in the same line with different small letter superscript differ significantly (P < 0.05), with same small letter superscript showing no significant difference
(P> 0.05), with different capital letter superscript meaning extremely significant difference (P < 0.01).

Discussion
Growth performance and feed efficiency

Our results are consistent with previous studies using corn
(Barajas and Zinn, 1998; Li et al., 1998; Reinhardt et al.,
1998; Liang et al., 2007). Reinhardt et al. (1998) and Barajas
and Zinn (1998) researched the feeding value of dry-rolled
and steam-flaked corn in finishing diets for feedlot cattle and
found that steam flaking corn reduced DMI (9%, P < 0.10)
and increased (P < 0.01) feed efficiency (14%), dietary NEm
(13%), and NEg (15%). In the report of Liang et al. (2007),
steam-flaked corn also improved feed efficiency through
reducing the ratio of feed to growth weight and improved the
total growth weight and ADG. Increased ADG was thought to
result from the digestibility of crude proteins, ether extract,
starch, NDF, and ADF. In contrast, Xiong et al. (1991) noted
that feeding steam-flaked sorghum processed to bulk densities
of 283, 360, or 437 g/L did not affect ADG. A tendency was
noted by Zinn (1990) for reduced ADG when steers were fed
with corn steam flaked to 300 vs.360 or 420 g/L. Decreased
ADG was thought to result from lower ruminal pH and a
subsequently decreased DMI that was accompanied with the
lighter bulk density flake (Zinn, 1990). Similarly, Swingle et
al. (1999) reported the similar result with decreasing the bulk
density of steam-flaked sorghum. Hales et al. (2010) also
researched the effects of varying bulk densities of steam-
flaked corn (SFC) and level of inclusion of roughage in
feedlot diets and found that cattle fed on the 335 g/L SFC had
greater overall G:F (P = 0.04) than those feeding on the

386 g/L SFC, with a tendency (P < 0.10) to improve G:F with
the lighter flake weight evidently.

The apparent digestibility of nutrients

It is reported that steam-flaked processing for corn could
significantly increase starch and feed availability (Owens
et al., 1998). Defoor et al. (2000) also reported that steam-
flaked sorghum had a greater total starch content and starch
availability as a proportion of total starch than high-moisture
sorghum. Moe and Tyrrell (1977) showed a negative effect of
increasing intake on digestibility but found that diets
containing whole corn were more susceptible to intake-
modulated digestibility depression than diets containing
cracked or ground corn. This interaction was also observed
by Murphy et al. (1994). When diets contained rolled corn,
digestion of starch was similar, while DM and OM digestion
was lower at full feed than at 70% ad libitum intake.
Burkholder et al. (2004) reported that feeding diets with
steam-flaked corn could decrease the output of feces and
urine, the nitrogen excretion, and ammonia-nitrogen content.
This was due to the increasing of nitrogen digestibility. A
similar result was found in our study; with the increase of
SFC replacing ratio, the apparent digestibility of dietary crude
protein was significantly improved. Steam-flaked corn could
also decrease phosphorus excretion and improve dietary P
digestibility (Guyton et al., 2003; Chen et al., 2009). The
present study agreed with the findings.

Flaking corn had important impacts on energy availability
and performance of feedlot cattle (Zinn et al., 2002). Reduced
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starch digestibility constitutes the primary basis for the lower
feeding value of dry-rolled corn (DRC) versus steam-flaked
corn (SFC) in diets for feedlot cattle. Although, ruminal and
postruminal starch digestion was lower for DRC than for
SFC, with differences in postruminal starch digestion
accounting for most of the variation in total tract starch
digestion (Zinn et al., 1995). Karr et al. (1966) suggested that
variation in postruminal starch digestion may be due to
limitations in amylolytic capacity. Because pancreatic
amylase secretion and activity were enhanced by increasing
the protein supply to the small intestine (Johnson et al., 1968),
it was hypothesized (Huntington, 1997) that increasing the
dietary protein level may augment postruminal starch
digestion, because of increased ruminal starch digestion. In
the present study, we did not evaluate the effect on starch
digestion. However, the increase in ADG may have had a
close relationship with starch digestion.

Blood biochemical parameters

Steam-flaked processing for corn could significantly increase
starch and feed availability (Owens et al., 1998). Steam-
flaked corn tended to increase blood glucose level in the
present study. Li et al. (1998) also had the similar result.
Increasing of postruminal starch could enhance blood glucose
concentration. Borg et al. (1987) reported that BUN was an
indicator showing the status of dietary crude protein
metabolism in the animal and dietary amino acids balance.
In the common, BUN had the negative relationship with the
apparent digestibility of protein. In the present study, the diet-
containing SFC supplied the balance of energy and protein for
the rumen microbes, improved the microbial crude protein
(MCP) output, and enhanced the dietary nitrogen utilization.
Therefore, BUN of steers fed diet with SFC declined.

Conclusions

Steam-flaked corn as a substitute for ordinary cracked corn
could improve the growth performance through improving
the crude proteins and starch. Under the experiment
condition, the optimal replacing ratio was 90%. The average
daily weight gain can reach 1.35 kg/d.

Acknowledgements
This research was supported by the earmarked fund for China

Agriculture Research System (CARS-38) and the Key Technology
R&D Program of Hebei Province, China (No. 10220401D)

References

AOAC (1999). Official Methods of Analysis of AOAC International.
16th ed., 5th rev. Assoc. Off. Anal. Chem. Intl., Gaithersburg, MD

Barajas R, Zinn R A (1998). The feeding value of dry-rolled and steam-
flaked corn in finishing diets for feedlot cattle: influence of protein
supplementation. J Anim Sci, 76(7): 1744—1752

Bengochea W L, Lardy G P, Bauer M L, Soto-Navarro S A (2005).
Effect of grain processing degree on intake, digestion, ruminal
fermentation, and performance characteristics of steers fed medium-
concentrate growing diets. J Anim Sci, 83(12): 2815-2825

Borg B S, Libal G W, Wahlstrom R C (1987). Tryptophan and threonine
requirements of young pigs and their effects on serum calcium,
phosphorus and zinc concentrations. J Anim Sci, 64(4): 1070-1078

Burkholder K M, Guyton A D, McKinney J M, Knowlton K F (2004).
The effect of steam flaked or dry ground corn and supplemental
phytic acid on nitrogen partitioning in lactating cows and ammonia
emission from manure. J Dairy Sci, 87(8): 25462553 pubmed/
15328278

Chen T, Gao Y X, Cao Y F, Li J G, Li W J (2009). Effects of steam-
flaked corn on the production performance and excretion of nitrogen
and phosphorus in dairy cows. Acta Veterinaria et Zootechnica
Sinica, 40(12): 1769-1775

Defoor P J, Galyean M L, Cole N A, Jones O R (2000). Effects of
planting density and processing method on laboratory characteristics
of grain sorghum for ruminants. J Anim Sci, 78(8): 2032-2038

Guyton J, McKinney M, Knowlton K F (2003). The effect of steam-
flaked or dry ground corn and supplemental phytic acid on
phosphorus partitioning and ruminal phytase activity in lactating
cows. J Dairy Sci, 86:3972-3982 pubmed/14740835

Hales K E, McMeniman J P, Leibovich J, Vasconcelos J T, Quinn M J,
May M L, DiLorenzo N, Smith D R, Galyean M L (2010). Effects of
varying bulk densities of steam-flaked corn and dietary roughage
concentration on in vitro fermentation, performance, carcass quality,
and acid-base balance measurements in finishing steers. J Anim Sci,
88(3): 1135-1147

Huntington G B (1997). Starch utilization by ruminants: from basics to
the bunk. J Anim Sci, 75(3): 852-867

Johnson D E, Matsushima J K, Knox K L (1968). Utilization of flaked
vs. cracked corn by steers with observations on starch modification. J
Anim Sci, 27: 1431-1437

Karr M R, Little C O, Mitchell G E Jr (1966). Starch disappearance from
different segments of the digestive tract of steers. J Anim Sci, 25(3):
652-654

LiFCh,Feng YL, Mo F, Li S L, Yang Y F (1998). The digestibility of
cooked corn starch and its effect on nitrogen retention and blood
glucose in beef cattle. Journal of China Agricultural University, 03
(Suppl): 167-171 (in Chinese)

Liang G F, Li N, Yang J M (2007). Steam-flake corn processing
engineering and the effect on performance of cattle. Feed Industry, 28
(5): 57-60 (in Chinese)

Moe P W, Tyrrell H F (1977). Effects of feed intake and physical form on
energy value of corn in timothy hay diets for lactating cows. J Dairy
Sci, 60(5): 752-758

Murphy T A, Fluharty F L, Loerch S C (1994). The influence of intake
level and corn processing on digestibility and ruminal metabolism in
steers fed all-concentrate diets. J Anim Sci, 72(6): 1608-1615

Owens F N, Secrist D S, Hill W J, Gill D R (1997). The effect of grain
source and grain processing on performance of feedlot cattle: a
review. J Anim Sci, 75(3): 868-879

Owens F N, Secrist D S, Hill W J, Gill D R (1998). Acidosis in cattle: a



Ruijing LI et al.

593

review. J Anim Sci, 76(1): 275-286

Reed J J, Bauer M L, Lardy G P, Loe E R, Caton J S (2005). Effect of
processing on feeding value of sprouted barley and sprouted durum
in growing and finishing rations for beef cattle. Prof Anim Sci, 21: 7—
12

Reinhardt C D, Brandt R T Jr, Eck T P, Titgemeyer E C (1998).
Performance, digestion, and mastication efficiency of Holstein steers
fed whole or processed corn in limit- or full-fed growing-finishing
systems. J Anim Sci, 76(7): 1778—1788

Shi X P, Wang Z M, Jia L F (2006). Steam-flaked corn and its extended
significance to popularize. Dairy guide, 2006(03): 59—60 (in Chinese)

Swingle R S, Eck T P, Theurer C B, De la Llata M, Poore M H, Moore J
A (1999). Flake density of steam-processed sorghum grain alters
performance and sites of digestibility by growing-finishing steers. J
Anim Sci, 77(5): 1055-1065

Van Soest P J, Robertson J B, Lewis B A (1991). Methods for dietary
fiber, neutral detergent fiber, and nonstarch polysaccharides in
relation to animal nutrition. J Dairy Sci, 74(10): 3583-3597

Xiong Y, Bartle S J, Preston R L (1991). Density of steam-flaked
sorghum grain, roughage level, and feeding regimen for feedlot
steers. J Anim Sci, 69(4): 1707-1718

Zinn R A (1990). Influence of flake density on the comparative feeding
value of steam-flaked corn for feedlot cattle. ] Anim Sci, 68(3): 767—
775

Zinn R A, Adam C F, Tamayo M S (1995). Interaction of feed intake
level on comparative ruminal and total tract digestion of dry-rolled
and steam-flaked corn. J Anim Sci, 73(5): 1239-1245

Zinn R A, Owens F N, Ware R A (2002). Flaking corn: processing
mechanics, quality standards, and impacts on energy availability and
performance of feedlot cattle. J Anim Sci, 80(5): 1145-1156



	Outline placeholder
	bmkcit1
	bmkcit2
	bmkcit3
	bmkcit4
	bmkcit5
	bmkcit6
	bmkcit7
	bmkcit8
	bmkcit9
	bmkcit10
	bmkcit11
	bmkcit12
	bmkcit13
	bmkcit14
	bmkcit15
	bmkcit16
	bmkcit17
	bmkcit18
	bmkcit19
	bmkcit20
	bmkcit21
	bmkcit22
	bmkcit23
	bmkcit24
	bmkcit25
	bmkcit26
	bmkcit27


