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ABSTRACT

Barley as a native cereal is the main source of carbohydrates in fattening sheep. Substituting barley with
other sources of carbohydrates, such as corn, could decrease digestive disorders. The objective of this study
was to assess profitability, growth performance, and microbial protein production in fattening lambs by
replacing barley with different processed corn. To achieve this, a completely randomized design including
seven rations with five lambs as replicates were used. The treatments reared in individual cages during an
84-day time frame allowed us to determine body weight, dry matter intake (DMI), feed conversion ratio
(FCR), gross profit, and microbial protein production. The results showed that the 40% barley ration had
minimum means of final body weight, DMI, daily weight gain (P<0.05), FCR, and gross profit (P<0.10)
versus the other rations. Also, the rates of allantoin, uric acid, xanthine, hypoxanthine, and microbial pro-
tein in a 100% pelleted corn diet were the highest with a significant difference compared to other treat-
ments. Furthermore, the results of economic models indicated that initial weight and feed cost had negative
effects, as opposed to that of daily body weight gain and DMI, which yielded positive effects on the gross
profit. In addition, a greater initial weight could decrease partial production elasticity, but utilization of the
corn-based rations resulted in more growth rate overall. Of course, the 40% pelleting corn could create a
more accelerated growth rate compared to the other processed corn.
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out negative impacts on ruminal pH and causing digestive

INTRODUCTION

Barley as a native cereal is the main source of carbohy-
drates in fattening sheep. However, since barley starch has
a higher rate of degradation than corn starch (Ghoorchi et
al. 2013), it may cause problems in the rumen (Horadagoda
et al. 2008) and leads to digestive problems such as acidosis
(Galyean and Rivera, 2003). Although extensive processing
(pelleting, flaking to extensively gelatinize starch) could
remedy this issue and result in better digestibility, typical
grain processing methods used for ruminants are selected to
economically enhance digestibility and acceptability with-
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dysfunction. Milling with a roller mill or grinder simply to
reduce particle size yields dry rolled or dry ground grain is
the simplest approach to enhance digestibility (Owens,
2005). Heat can be applied before rolling; yielding steam
rolled or “flacked” grain (Owens, 2005). Haddad and Nasr
(2007) studied the effects of partial replacement of barley
grain for corn in high concentrate rations on the growth
performance of growing lambs and reported positive asso-
ciative effects of partial replacement of barley with corn.
Yahaghi et al. (2012) evaluated the effects of partial substi-
tution of barley with corn or sorghum (slowly fermenting
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grains) on performance in finishing lambs. The results of
their study affirmed the advantages of feeding a mixture of
grains with differing fermentation rates. The results of Ziani
and Khaled (2015) showed substitution of barley with corn
has no significant effect on growth performance and final
body weight, but a significant difference was found con-
cerning the cost of the given ration.

Microbial biomass produced in the rumen represents an
important supply of good quality protein that can promote
animal performance (Storm and @rskov, 1983; Clark et al.
1992). Different options have been studied to maximize
microbial protein synthesis in the rumen and increase ani-
mal productivity. Sources of carbohydrates such as corn
and barley differed in starch rapidly degraded fraction and
indigestion rate (Herrera-Saldana et al. 1990). Furthermore,
the processing is known to influence the rate and site of
grain digestion. Indeed, damaging the pericarp of the kernel
improved the starch degradation rate by increasing the sur-
face area available to microorganisms and enzymes
(McAllister et al. 1990). Nitrogen availability can be modi-
fied by the reatment of protein sources (Chalupa, 1975).
Heating dietary protein creates amino-sugar complexes that
are resistant to microbial degradation (Stern et al. 1994),
which then could be digested in the lower gut.

Any change in the ration composition has economic ef-
fects in addition to the nutritional effects. Ignoring or
changing ration compositions without considering these
financial and economic effects could result in negative con-
sequences. Different ration compositions could simultane-
ously have different cost and revenue effects and eventually
lead to different profitability consequences. Cevger (2003)
investigated determinants of profit in lamb fattening by
using a regression model and found that initial weight and
feed cost had a negative impact and body weight gain had a
positive impact on profitability. Ramsey et al. (2005) used a
regression approach to identify factors affecting beef cow
producers' profit and conclude dthat an increase in feed cost
could decrease overall profit. Elfadl et al. (2015) investi-
gated factors affecting the productivity and profitability of
beef fattening enterprises in Egypt. The results showed that
the most important factors dictating beef enterprises’ profit-
ability were the selling and purchasing price of animals,
along with feed cost.

The aim has tried to investigate the consequences of re-
placing barley with different processed corn on growth per-
formance factors such as body weight, dry matter intake
(DMI), feed conversion ratio (FCR), microbial protein syn-
thesis, and also the profitability of fattening lambs. This
study hypothesized that replacing barley with corn-based
rations could improve both growth performance and gross
profit of fattening lambs.
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MATERIALS AND METHODS

The protocol (Approval No. AEC392p/02129) used in this
study was approved by the Animal Ethical Committee at
Gorgan University of Agricultural Sciences and Natural
Resources in Gorgan, Iran concerning animal experimenta-
tion and care of animals under study.

Animal and housing

The feeds were formulated according to NRC (2007) rec-
ommendations for fattening sheep with equal quantity of
energy and protein as seven treatments including 1) 40%
barley (control), 2) 20% grinding corn, 3) 40% grinding
corn, 4) 20% steam flaking corn, 5) 40% steam flaking
corn, 6) 20% pelleting corn and 7) 40% pelleting corn (Ta-
ble 1). Five Afshari ram lambs were allocated to each treat-
ment. The animals were kept in a separate pen individually
for 84 days on the animal research farm of Gorgan Univer-
sity of Agricultural Science and Natural Resources, Gorgan,
Iran, 2018.

Estimation of microbial protein

Purine derivatives (PD) in urine include uric acid, allantoin,
xanthine + hypoxanthine. Estimation of microbial N was
performed based on the colorimetric method (Chen and
Gomes, 1989). Daily urine samples were collected in a
plastic bucket containing 100 mL of 10% (vol/vol) sul-
phuric acid solution to reduce the ultimate pH below 3.
Every morning the total urine produced by the animal was
measured individually and to prevent the precipitation (par-
ticularly of uric acid) of PD urine samples during storage, a
sub-sample of 10 ml of the daily amount was diluted with
40 ml distilled water and then stored at —20 °C for the esti-
mation of PD. The samples collected from each sheep were
pooled to give one pooled sample for analysis (Chen and
Gomes, 1989). Urine was collected daily into a container
with approximately 100 mL of 10% H,SO,. Daily subsam-
ples were stored at -20 °C until being analyzed. Urine sam-
ples were analyzed for allantoin, uric acid, xanthine, and
hypoxanthine following the procedure reported by Chen
and Gomes (1989). The total PD excretion (in sheep sum of
all 4 compounds allantoin, uric acid xanthine, and hypoxan-
thine) is used for the estimation of microbial protein syn-
thesis.

Statistical analysis

In the first part of the study, growth performance data were
analyzed as a completely randomizeddesign using the gen-
eral linear model (GLM) procedure of SAS software (SAS,
2003). The significant differences between treatments
means were detected by the Tukey-Kramer test at P < 0.05.
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)G Feed ingredients and chemical composition of experimental diets of fattening lambs

20% 40%

;es)dstuff (% of dry mat- 40% barley 2(;:)1/; g;lrr;d 42i:1/; gglrr;]d steam flaking steam flak- 20%0%?Irllet|ng 4?:1/; E(e):rlr?t-
corn ing corn
Barley 40.00 20.00 - 20.00 - 20.00 -
Grinding corn - 20.00 40.00 - - - -
Steam flaking corn - - - 20.00 40.00 - -
Pelleting corn - - - - - 20.00 40.00
Alfalfahay 20.00 20.00 20.00 20.00 20.00 20.00 20.00
Wheat bran 13.50 11.50 9.50 11.50 9.50 11.50 9.50
Soybean meal 8.00 10.00 12.00 10.00 12.00 10.00 12.00
Wheat straw 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Sugar beet pulp 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Zeolite 0.75 0.75 0.75 0.75 0.75 0.75 0.75
NaCl 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Vitamin and mineral' 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Cay(pos) 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Caco3 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Sodium bicarbonate 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Chemical composition
Dry matter (%) 88.64 88.64 88.64 88.64 88.64 88.64 88.64
Metabolisable energy 2.59 2.58 2.59 2.58 2.59 2.583 2.59
(Mcal/kg)
Crude protein (%) 14.53 14.49 14.45 14.49 14.45 14.49 14.45
Calcium (%) 0.9758 0.9306 0.9758 0.9306 0.9758 0.9306 0.9758
Phosphorus (%) 0.38 0.42 0.38 0.42 0.38 0.42 0.38

" Vitamin and mineral premix - composition per kg feed: Zn: 4.9 mg; Mn: 4.05 mg; Cu: 0.45 mg; I: 0.075 mg; Se: 0.1 mg; vitamin A: 2500 IU; vitamin D: 400 mg; Vitamin E:

2.51U.

Many studies have revealed that alighter initial weight
could result in a higher fattening efficiency (Orskov et al.
1971; Tuncel et al. 1985; Koc, 1996; Sayili et al. 2009;
Javanmard et al. 2014). Therefore, in this study initial
weight was included in ANOVA analysis as a covariate
factor, and data were analyzed using the following statisti-
cal model:

Yi=p + Ti+ B(xi-X) + &

Where:

Yj: observation associated with the i-th treatment and j-th
replicate.

p: total mean.

T;: effect of the i-th treatment.

B: slope.

X;j: lambs’ initial weight.

X : mean of initial weight.

€jj: error term.

In the second part of the study, an economic model and
parametric approach were used to evaluate the effects of
differentrations on the profitability and production elasticity
of fattening lambs. In the gross profit model, the gross
profit (lambs sale value minus feed cost) is a dependent
variable and initial weight, daily body weight gain, feed,
feed cost, and a dummy variable (for evaluating the effect
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of ration type) as explanatory variable were included. The
initial regression was:

Y:b0+b1 XX]+b2XX2+b3XX3+b4XX4+b5XX5

Where:

Y: gross profit as difference in lambs sale price and feed
cost ($).

X: initial weight (kg).

X,: daily body weight gain (gr/day).

X;: feed cost (8).

Xy: feed (kg).

Xs: dummy variable (0 for barley (control) ration and 1 for
otherwise).

In the elasticity model, partial elasticity of production
concerning the feed as a dependent variable and initial
weight plus 6 dummy variables as explanatory variables
were utilized. Because there were seven rations, six dummy
variables were needed to quantify the effect of rations. The
initial regression was:

Z=by+b; x X+ by X Dy + b3 x D3 + by X Dyt bs x D5+ bg
x Dg+ by x Dy

Where:
Z: partial elasticity of production concerning the feed.




Effects of Replacing Barley with Processed Corn

D,: dummy variable (1 for the ration of 20% grinding corn
and 0 for otherwise).

Ds: dummy variable (1 for the ration of 40% grinding corn
and 0 for otherwise).

D4: dummy variable (1 for the 20% steam flaking corn and
0 for otherwise).

Ds: dummy variable (1 for the 40% steam flaking corn and
0 for otherwise).

D¢: dummy variable (1 for the ration 20% pelleting corn
and 0 for otherwise).

D;: dummy variable (1 for the ration 40% pelleting corn
and 0 for otherwise).

Different functional forms were investigated to find the
proper model. Finally, a linear form for the profit model
and a logarithmic form for the elasticity model was chosen.
Estimation of the regression models and statistical analysis
of the mean differences was done by EVIEWS (2013) and
the SAS (2003) respectively.

RESULTS AND DISCUSSION

Growth performance analysis

Table 2 shows the results regarding the effects of dietary
treatments onthe growth performance of lambs. Animals
had a daily body weight gain from 167 to 225 grams/day
and a mean FCR of about 8.46. There was no significant
difference between dietary treatments for final body weight,
daily weight gain, FCR, and gross profit (P<0.05). Also,
DMI for the rations including Pelleting corn was higher
(P<0.05) than the control ration (40% barley). Replacing
barley with processed corn could improve both body gain
and FCR. These results could be because of improved ru-
minal, post-ruminal, and thus total tract digestibility in
lambs fed corn or a mixture of barley and corn that resulted
in more efficient FCR (Yahaghi et al. 2012). The present
results are in agreement with previous studies (Haddad and
Nasr 2007; Lehmann and Meeske, 2007; Yahaghi et al.
2012) which reported that combinations of cereal grains
enhance growth performance through associative effects
among feeding ingredients on rumen fermentation. Several
factors could improve growth performance including more
efficient rumen fermentation, increased rumen bypass
starch and digestion in the small intestine, and more essen-
tial amino acids for tissue synthesis resulting from better
availability of intact amino acids (Yu et al. 1998). Also,
lambs fed with pure corn or a combination of barley and
corn showed higher DMI compared with the pure barley
(control) ration. These results were in contrast with
Yahaghi et al. (2012) but agreed with Haddad and Nasr
(2007).
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On the other hand, although rations including corn or a
mixture of barley and corn had a greater feed cost, their
increased efficiency in FCR ultimately resulted in more
profitability.

Utilization of ration 40% Grinding Corn tended to in-
crease profitability the most because this ration resulted in
the best FCR and the cost of this ration was less than oth-
ers. Replacing 40% barley with grinding corn despite the
higher price of corn also tended to increase profitability. Of
course, these results could be much different if the price
and cost-share of the corn and barley in the rations varied.
The market price of corn was about 10% greater than the
price of local barley during the study period. Depending on
the barley or other cereal market prices and then their rela-
tive cost-shares the above results may differ.

The highest (P<0.05) feed costs were belong to the ra-
tions 40% steam flaking corn and 40% pelleting corn and
the ration of 40% barley had the least (P<0.05) feed costs.
These results could be different based on the relative mar-
ket prices of corn and barley.

In this study, because the market price of corn was about
10% greater than the price of local barley during the study
period, replacing barley with processed corn significantly
increased the feed costs. Comparing the ration 40% barley
vs. the other rations revealed significant differences be-
tween means of final body weight, DMI, and daily weight
gain at 0.05 and FCR and gross profit at 0.10 probability
level.

The treatments did not affect the amount of microbial
protein and purine derivatives. However, the rate of allan-
toin, uric acid, xanthine, hypoxanthine, and microbial pro-
tein ina 100% pelleted corn diet was the highest with a sig-
nificant difference compared to other treatments. Independ-
ent comparisons also showed that diets with pelleted corn
compared to diets with ground corn and steam flaking corn
produced higher allantoin and microbial protein.

It is possible due to the type of heat treatment that has
been done on it changes the pattern of fermentation in the
rumen and simultaneously releases energy and protein
sources in the rumen. The source of protein in this study
was alfalfa hay and soybean meal, which has a high de-
gradable protein in the rumen. In the study of Brassard et
al. (2015), it was found that the type of grain affects the
synthesis of microbial protein. Excretion of purine deriva-
tives was higher when corn was used with unheated soy-
bean meal than when corn was used with heated soybean
meal, and the opposite was observed with barley. Matras et
al. (1991) investigated the interaction between different
grains (barley vs. sorghum) and the degradability of pro-
teins (various compounds of urea, blood powder, and corn
gluten meal) to produce purine derivatives.
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Effects of barley replacement with different corn processing on growth performance in Afshari fattening lambs ration

Dietary treatments

Parameter 20% 40%

40% barley  20% GC 40% GC SFC SFC 20% PC40% PC SEM P-value Contrast P-value'
IBW (kg) 34.0 360 360 358 365 337 356 0.590 0.8480 0.1714
FBW (kg) 48.0 532 545 52,6 543 51.0 546 0.672 0.1110 0.0098
ADG (2) 167 205 220 200 211 206 225 6.856 0.1769 0.0098
FCR 9.48 840  7.57 824 828 943 785 0329 0.2675 0.0853
DMI (g) 1728° 1826™ 1791™ 1787™1856™ 1863" 1887" 15.976 0.0003 0.0184
Feed cost ($) 5.29° 572 574" 598" 6.75° 6.06° 6.49° 0.888 <0.0001 <0.0001
Gross profit ($) 3.1 11.8 166 74 35 86 109 2286 0.3549 0.0956

" Contrast: mean of ration 40% barley vs. the other rations.

GC: grinding corn; SFC: steam flaking corn and PC: pelleting corn.

IBW: initial body weight; FBW: final body weight; ADG: average daily gain; FCR: feed conversion ratio and DMI: dry matter intake for day.
SEM: standard error of the means.

Effects of barley replacement with different corn processing on urinary purine derivatives and microbial protein supply in lambs fed

100% Grinding Steam flack- Pelleting

. . barley corn ing corn corn P-value
Urine purine de-
i ot Control
rivatives SEM o .
treatment Grinding Grinding Pelleting %50
(Mmol/day) VS, Vs,
50% 100% 50%  100%  50%  100% Anova  vs.other M o vsopel- vs.
treat t: 1 D)
reatments flacking leting flacking %1006
Allantoin 3855 209 532 1.0 2.8 751 1753 158 0.160 0.431 0.554 0.053 0034  0.115
Uric acid 258 012 311 235 148 067 366 0534 0832 0.719 0.882 0.802 0909  0.367
Hypoxanthine + 0715 025 094 038 048 091 235 0205 0243 0.677 0.702 0.095 0.068  0.119
xanthine
Total excreted 7155 245 936 3.84 478  9.09 2355 2056 0243 0.678 0.716 0.094 0.069  0.119
purine derivatives
Total absorbed 777 214 1033 382 492 1006 2721 2438 0240 0.680 0.719 0.093 0.068  0.118
purine derivatives
?g;cr"b‘al proten 39.76 2020 4325 3452 2349 5473 9545 7491  0.099 0.767 0.874 0.022 0.016  0.224
I(\g;mb‘al nitrogen 565 156 7.51 278 358 731 1978 1772 0.240 0.680 0.718 0.093 0.068  0.118
g‘/tlig)gﬁn nDOMR 1060 2046 1606 1789 1617 13.63 2410 1275 0430 0.712 0.719 0.859 0592 0.604

SEM: standard error of the means.

They observed that the release of energy is very slow for
sorghum and occurs rapidly for the barley, and concluded
that the use of a protein and grain source with a similar rate
of degradability is of great importance. In ruminal fluid,
ammonia, as a nitrogenous compound, plays a key role in
the breakdown and synthesis of microbial proteins
(McDonald et al. 2011). Seo et al. (2010) reported higher
microbial protein synthesis, and Aldrich et al. (1993)
reported greater microbial nitrogen permeability relative to
diets that were balanced for the simultaneous release of
nitrogen and protein. But Casper et al. (1999) in a study of
dairy cows and Rotger et al. (2006) in a study of fattening
cows did not find any relationship and interaction between
the degradability of protein and carbohydrate sources on
microbial protein production.
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Different functional models were fitted to find the proper
model for each variable. After testing for autocorrelation,
heteroscedasticity, multicollinearity, and normality of error
terms, assessments indicated that the semi-logarithmic
model was appropriate for gross profit, while the logarith-
mic model was suitable for the elasticity of production (Ta-
bles 4 and 5). The estimated models are as below:

Gross profit= 386.920 -16.077 x LOG (INITIALWEIGHT)
+60.776 x LOG (DAILY BODY WEIGHT GAIN) - 64.306
x LOG (FEED COST) +26.004 x LOG (DMI) + 1.650 x D

LOG (ELASTICITY)= 5.56236 -1.58488 x LOG (INI-
TIALWEIGHT) + 0.07544 x D2 + 0.09742 x D3 + 0.06752
x D4 +0.08585 x D5+ 0.07541 x D6 + 0.10407 x D7
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m The results of estimating regression model of gross profit

Variable Coefficient Std. Error t-statistic Prob.
Log initial weight -16.077%** 5.067 -3.173 0.0036
Log daily body weight gain 60.776%** 3.242 18.748 0.0000
Log feed cost -64.306%** 4.022 -15.988 0.0000
Log dry matter intake 26.004** 10.956 2.374 0.0245
D' 1.650% 0.969 1.702 0.0994
C 386.920*** 26.433 14.637 0.0000
R-squared 0.988

Adjusted R-squared 0.986

F-statistic 464.216

Prob (F-statistic) 0.000

10 for barley (control) ration and 1 otherwise.

*, ¥ *¥*%:indicate significance at 10%, 5% and 1% level, respectively.

The results of estimating regression model of partial elasticity of production with respect to the feed

Variable! Coefficient Std. Error t-Statistic Prob.
Log initial weight -1.58489%** 0.10372 -15.28058 0.0000
D2 0.07544* 0.03711 2.03269 0.0524
D3 0.09742%%* 0.03707 2.62814 0.0142
D4 0.06752* 0.03709 1.82040 0.0802
D5 0.08585%* 0.03739 2.29623 0.0300
D6 0.07541%* 0.03885 1.94104 0.0632
D7 0.10407*** 0.03693 2.81796 0.0091
C 5.56236%** 0.36607 15.19468 0.0000
R-squared 0.905

Adjusted R-squared 0.879

F-statistic 35.406

Prob (F-statistic) 0.000

D2: dummy variable (1 for the ration 20% grinding corn and 0, otherwise); D3: dummy variable (1 for the ration 40% grinding corn and 0, otherwise); D4: dummy variable
(1 for the 20% steam flaking corn and 0, otherwise); D5: dummy variable (1 for the 40% steam flaking corn and 0, otherwise); D6: dummy variable (1 for the ration 20%
pelleting corn and 0, otherwise) and D7: dummy variable (1 for the ration 40% pelleting corn and 0, otherwise).

* k¥ FEE:indicate significance at 10%, 5% and 1% level, respectively.

In the Table 3 was shows the results regarding the regres-
sion model for the gross profit. In this model except for D
(P>0.05), all other coefficients were significant (P<0.05).
Also, the overall model F-statistic was significant at a 5%
level, so the predictive capability of the model as a whole
was significant. Adjusted R-squared was over 98%, mean-
ing this model could explain over 98% of the variation in
gross profit. The results showed that the initial weight of
the lambs had an inverse effect on their profitability so that
every additional percent in initial weight could result in
$16.08 less gross profit. Also, the daily body weight gain
coefficient indicates that everyone more percent body
weight gain will increase the gross profit by approximately
$60.78. In contrast, every percentage increase in feed cost
could decrease the gross profit by about $64.31. The coeffi-
cient of DMI shows that one more percent DMI could result
in $26 more gross profit. Dummy variables did not show a
significant effect on the gross profit at 5% but at a 10%
probability level, it indicates a positive relationship that
shows the utilization of rations other than 40% barley (con-
trol ration) could increase the gross profit, on average,
about $1.65.
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In the Table 4 shows the results regarding the regression
model for the elasticity of production. The results indicated
that coefficients of D3, D5, and D7 were significant
(P<0.05). The overall model F-statistic was significant at
1% probability level that confirms the predictive capability
of the model in general. The adjusted R-squared shows that
the estimated model can explain about 88% of the varia-
tions in elasticity. The results also indicate that the initial
weight of lambs has an inverse effect on their elasticity so
that one percent increase in initial weight could result in
1.58 percent decrease in the partial elasticity of production
with respect to the ration. Also, utilization of any rations of
40% grinding corn, 40% steam flaking corn and 40% pel-
leting corn could significantly increase the values of elastic-
ity of production relative to the control ration (40% barley).
The utilization of ration 40% pelleting corn resulted in the
most increase in the value of elasticity of production rela-
tive to the ration 40% barley as the control treatment.

The inverse effects of the initial weight of lambs and feed
cost on gross profitability revealed that less initial weight
and feed cost could significantly (P<0.05) result in more
profitability. However, a greater daily body weight gain and

13(1), 97-104
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DMI could significantly (P<0.05) increase the gross profit.
Also, the utilization of processed corn instead of pure bar-
ley could increase the gross profit. The negative effect of
feed cost on profitability was agreed with Cevger (2003),
Ramsey et al. (2005), and Elfadl et al. (2015). Also, the
positive effect of daily body weight gain was similar to the
findings of Elfadl et al. (2015).

The partial elasticity of production in this study explains
the percentage increase in body weight due to a one percent
increase in the amount of ration. So, the negative estimated
coefficient of initial weight indicates that the lighter lambs
grow more rapidly than the heavier ones. Although, all
corn-based rations resulted in less FCR and more growth
rate overall, 40% pelleting corn could create a more accel-
erated growth rate compared to the other processed corn.
These findings are consistent with the results of producing
microbial protein in the rumen that show 40% pelleting
ration had the highest microbial protein rather than other
ration.

The elasticity of production is a measure of the respon-
siveness of the production function to the change in one
input, also called the output elasticity, is the percentage
change in production divided by the percentage change in
the quantity of an input used for that production. For exam-
ple, if increases in feed by 10% result in weight increases
by 20%, the elasticity of production will be elasticity of
production= 20% / 10%= 2. It is also called the partial out-
put elasticity because it refers to the change in the output
when only one output changes (that is, it’s the partial deri-
vate of the production function, as opposed to the total de-
rivative).

High-efficiency lambs had a higher level of ammonia ni-
trogen in the rumen than low-efficiency lambs. Higher
amounts of microbial nitrogen and microbial protein in both
simple and interaction effects were observed in the high
efficiency than low-efficiency lambs indicating rumen mi-
crobes in high effective animals had the maximum opera-
tion of synchronization of energy and nitrogen sources
(Zhang et al. 2020).

CONCLUSION

Replacing barley with processed corn for the fattening
lambs improved body gain, FCR, DMI, microbial protein
synthesis, and gross profit. Therefore, improving growth
performance factors and profitability was accepted overall.
The economic models showed that the initial weight and
feed cost had negative and daily body weight gain and DMI
had a positive effect on the gross profit. In addition, the
higher initial weight could decrease partial production elas-
ticity, but utilization of the corn-based rations resulted in
more growth rate overall. Of course, the 40% pelleting corn
could create a more accelerated growth rate, microbial pro-
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tein synthesis, and profitability compared to the other proc-
essed corn. As a result, replacing barley with processed
corn could improve both the growth performance and prof-
itability of fattening lambs.
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