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INTRODUCTION 
 
It is well known that directly feeding microbes to 

animals is beneficial to animal agriculture production 
(Kwak and Kang, 2006; Yang et al., 2006; Zhou et al., 
2009). Benefits derived from the consumption of these 
microbes include improved ruminal acidosis prevention, gut 
microbial balance, feed intake, weight gain, and feed 
efficiency in ruminants (Yoon and Stern, 1995; Krehbiel et 
al., 2003). For instance, direct consumption of a yeast 
culture increased feed intake in lactating Holstein cows 

(Williams et al., 1991; Robinson and Garrett, 1999) and 
Hereford steers (Adams et al., 1981), resulting in improved 
animal performance.  

The use of microorganisms in animal diets has also been 
shown to improve mineral balance. For instance, Yoon and 
Stern (1995) reported that yeast culture supplementation 
improved the retention of minerals (potassium, copper, and 
iron) in growing ruminants. Moreover, Cole et al. (1992) 
reported that lambs fed yeast culture tended to have a better 
balance of zinc and iron, and the dietary addition of a mixed 
microbial (Bacillus and Saccharomyces) culture was 
effective in improving mineral bioavailability to beef steers 
(Kwak et al., 2012). Furthermore, feeding a diet 
supplemented with certain trace minerals and a mixture of 
microbes (Bacillus and Saccharomyces) improved the 
growth, meat yield, and quality of beef steers (Kim et al., 
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ABSTRACT: This study was conducted to determine the effects of feeding a trace minerals-fortified microbial culture (TMC) on the 
performance and carcass characteristics of late-fattening Hanwoo steers. A mixture of microbes (0.6% [v/w] of Enterobacter sp., 
Bacillus sp., Lactobacillus sp., and Saccharomyces sp.) was cultured with 99% feedstuff for ensiling and 0.4% trace minerals (zinc, 
selenium, copper, and cobalt). Sixteen late-fattening steers (mean age, 21.8 months) were allocated to two diets: a control diet 
(concentrate mix and rice straw) and a treated diet (control diet+3.3% TMC). At a mean age of 31.1 months, all the steers were 
slaughtered. The addition of TMC to the diet did not affect the average daily weight gain of the late fattening steers, compared with that 
of control steers. Moreover, consuming the TMC-supplemented diet did not affect cold carcass weight, yield traits such as back fat 
thickness, longissimus muscle area, yield index or yield grade, or quality traits such as meat color, fat color, texture, maturity, marbling 
score, or quality grade. However, consumption of a TMC-supplemented diet increased the concentrations of zinc, selenium, and sulfur 
(p<0.05) in the longissimus muscle. With respect to amino acids, animals consuming TMC showed increased (p<0.05) concentrations of 
lysine, leucine, and valine among essential amino acids and a decreased (p<0.05) concentration of proline among non-essential amino 
acids. In conclusion, the consumption of a TMC-supplemented diet during the late-fattening period elevated the concentrations of certain 
trace minerals and essential amino acids in the longissimus muscle, without any deleterious effects on performance and other carcass 
characteristics of Hanwoo steers. (Key Words: Microbial Culture, Trace Mineral, Carcass, Meat Quality, Steer, Hanwoo) 
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2007a). 
Trace mineral deficiency impairs productivity in 

ruminants. Dietary trace minerals such as zinc and copper 
are essential components of enzymes and stimulate cattle 
growth (National Research Council, 2000). Addition of zinc 
to cattle diets improved growth and carcass characteristics 
(Greene et al., 1988; Spears and Kegley, 2002). Copper 
deficiency frequently occurs because antagonists such as 
molybdenum, sulfur, and iron are frequently high in 
ruminant diets and reduce the bioavailability of copper 
(Underwood and Suttle, 1999). Accordingly, the use of 
either supplemented trace minerals or mixed microbes, or a 
combination of these, has been shown to positively affect 
ruminant performance. Supplementation with mixed 
microbial cultures is a conventional practice at the majority 
of Hanwoo farms in Korea. If the culture is fortified with 
certain deficient trace minerals, an associative effect of 
these two products could be expected. Therefore, we 
hypothesized that feeding a trace minerals-fortified 
microbial culture (TMC) may positively affect the 
production and meat quality of Hanwoo steers. 

Accordingly, this study was conducted to determine the 
effects of TMC on the growth performance and carcass 
characteristics of late-fattening Hanwoo steers fed rice 
straw as the main roughage source. 

 
MATERIALS AND METHODS 

 
Preparation of the mixed microbial culture 

The organisms in the mixed microbial inoculum used in 
this experiment were isolated and identified previously in 
our lab (Kim et al., 2007b; 2008). The inoculum included 
Enterobacter ludwigii KU201-3, Bacillus cereus KU206-3, 
Bacillus subtilis KU3, Lactobacillus plantarum KU5, and 
Saccharomyces cerevisiae; these strains were each 
inoculated at 0.12%. Bacillus sp. and Enterobacter sp. were 
cultured in plate count broth (5 g casein, 2.5 g yeast extract, 
and 1 g/L dextrose) at 36°C for 24 h; Lactobacillus sp. was 
cultured in de Man, Rogosa and Sharpe (MRS) broth (0881, 
Difco Laboratories Inc., Detroit, MI, USA) at 36°C for 24 h, 
and Saccharomyces sp. was cultured in yeast malt broth 
(0711, Difco Laboratories Inc., USA) at 30°C for 48 h. 

These microbes (0.6% v/w) were inoculated into a 
mixture of 19.6% ground corn grain, 16.0% soybean meal, 
24.4% defatted rice bran, 20.0% bentonite, 12.2% spent 
mushroom substrate, 3.3% jujube (low quality), 2.5% 
molasses, 1.6% MgO, and 0.4% trace minerals, fermented 
for 5 days, and dried. The chemical composition is 
presented in Table 1. The rice straw used was freshly baled. 

The control diet (formulated concentrate mix+rice straw) 
lacked trace minerals, as shown in Table 2. Dietary zinc and 
copper levels in the late-fattening period were lower than 

the National Research Council (2000) requirement of beef 
cattle. Compounds containing trace minerals such as 
sodium selenite, zinc sulfate, copper sulfate, and cobalt 
sulfate were added to the microbial culture to fully satisfy 
the National Research Council (2000) requirement (1.5-fold 
requirement for each mineral). For reference, the chemical 
composition of the control diet was 84.4% dry matter (DM), 
12.1% crude protein (CP), 2.9% ether extract (EE), 34.1% 
neutral detergent fiber (NDF), 18.2% acid detergent fiber 
(ADF), and 7.5% crude ash. 

 
Animals and treatments 

All animal care protocols were approved by the Konkuk 
University Institutional Animal Care and Use Committee. 
Sixteen late-fattening Hanwoo steers (mean age, 21.8 
months; mean body weight [BW], 514±7.5 kg) were 
randomly assigned to four pens. Each pen measured 50 m2 

in area (5 m×10 m).  
The steers were fed one of two diets: a control diet 

(formulated concentrate mix and rice straw), and a treated 
diet (control diet+3.3% TMC). The microbial culture was 
fed to the steers during the late-fattening period. The 
concentrate mix was freely accessed at a rate of 9 kg per 
day, and rice straw was restricted to 1.2 kg/d (as-fed basis). 
Feed with a TMC topdressing was provided twice a day 
(07:00 and 18:00). Animals always had free access to fresh 
water. The total feeding period was 9.3 months. The BW of 
the steers was measured monthly throughout the feeding 

Table 1. Chemical compositions of feeds fed to fattening Hanwoo 
steers1 (%, DM basis) 

Item  
Concentrate 

mix 
Rice 
straw 

Microbial 
culture2 

DM 87.0 65.3 84.8 

Crude protein 13.0 4.0 16.7 

Ether extract 3.1 1.3 0.5 

Neutral detergent fiber 30.5 70.7 26.1 

Acid detergent fiber 15.9 42.6 16.0 

Crude ash 7.3 11.3 26.8 

DM, dry matter. 
1 Means of 3 observations.  
2 Mixed microbes (0.6% v/w) were inoculated into the mixture of 19.6% 

ground corn grain, 16.0% soybean meal, 24.4% defatted rice bran, 20.0% 
bentonite, 12.2% spent mushroom substrate, 3.3% low quality jujube, 
2.5% molasses, 1.6% MgO, and 0.4% trace minerals, fermented for 5 
days, and dried. 

Table 2. Zinc and Copper levels in the control diet (dry matter 
basis) 

Control diet 
(mg/kg) 

Requirement of beef cattle
(mg/kg)1 

Zinc 20.0 30.0

Copper 4.5 10.0
1 Cited from National Research Council (2000). 
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trial, using a scale (BI-2RB, CAS, Yangju, Korea). 
 

Carcass characteristics 
At a mean age of 31.1 months, the steers were 

withdrawn from the experimental diets 24 h before 
slaughter. Following a 48-h carcass chill, the yield and 
quality grade of each carcass was measured using Korean 
carcass grading standards, specified in the Korean 
Livestock Enforcement Regulation (Korean Ministry of 
Agriculture and Forest, 2007). Quality grades were 
classified as 1++ (very high quality), 1+, 1, 2, and 3 (low 
quality). Back fat thickness and the longissimus muscle area 
were measured at the 13th rib. Yield index was calculated as 
follows: yield index = 68.184–(0.625×back fat thickness 
[mm])+(0.130×longissimus muscle area [cm2])–(0.024× 
cold carcass weight [kg])+3.23. Yield grades were classified 
as A (high yield), B, and C (low yield): grade A = higher 
than 67.5; grade B = higher than 62.0 and lower than 67.5; 
and grade C = lower than 62.0. The grading ranged between 
1 and 27, with higher numbers indicating better quality: 
marbling (1 = devoid, 27 = abundant); meat color (1 = 
bright cherry red, 7 = extremely dark red); fat color (1 = 
white, 7 = dark yellow); texture (1 = soft, 3 = firm); and 
maturity (1 = youthful, 9 = mature). 

 
Chemical and microbial analyses 

Representative samples of the test feeds that were fed to 
the Hanwoo steers were collected and stored at –20°C for 
later analysis. Immediately before analysis, all samples 
were dried and ground to pass through a 1-mm filter by 
using a sample mill (Cemotec, Tecator, Skanor, Sweden). 
The DM fraction was quantified by drying the samples at 
60°C for 48 h to reach a constant weight. The CP, EE, NDF, 
ADF, and crude ash contents were determined by the 
AOAC (2000) method.  

The longissimus muscle was removed at the 12th to 
13th rib, retained from each steer, and frozen until later 
analysis. For mineral analysis of the rib muscle, samples 
were analyzed for calcium, phosphorus, magnesium, 
potassium, sodium, sulfur, manganese, zinc, selenium, 

copper, iron, cobalt, and molybdenum by inductively 
coupled argon plasma emission spectroscopy (ICP-OES 
5300DV, Perkin Elmer, Billerica, MA, USA), as described 
by Braselton et al. (1997). 

Microbial analyses of the samples (sample size, 25 g) 
were conducted according to the AOAC (2000) method. 
Specifically, the total bacterial count was determined on 
plate count agar (Difco Laboratories Inc., USA) after 
incubation at 30°C for 48 h. The lactic acid bacterial count 
was determined using MRS agar plates (Difco Laboratories 
Inc., USA) after incubation at 36°C for 24 h. The yeast 
count was determined on yeast malt agar plates (Difco 
Laboratories Inc., USA) after incubation at 36°C for 48 h. 
The mixed microbial culture contained each species at a 
viable cell concentration in excess of 106 cfu/g. 

 
Statistical analysis 

Data were subjected to one-way analysis of variance by 
using the general linear model procedure (Statistix7, 2000). 
The means of the control diet and the treated diet were 
compared using the Student’s t-test (Statistix7, 2000). 
Significant differences were detected at p<0.05. 

 
RESULTS AND DISCUSSION 

 
Body weight gain and feed intake 

Consumption of a TMC-supplemented diet did not 
affect steer growth rates significantly, although it increased 
the average BW by 26 kg (14% of the control group weight) 
and average daily BW gain by 0.09 kg (Table 3). Compared 
to the control group, the TMC-fed group showed a 
relatively narrow range of BW gain, indicating the desirably 
consistent growth of individual steers. In terms of feed 
intake, the concentrate mix intake was higher in the TMC-
fed group than in the control group, although the rice straw 
intake was similar. This increase in concentrate mix intake 
appears to be responsible for the increased BW gain 
observed in TMC-fed steers.  

The feed intake mechanism thus appears to be more 
complicated than expected because many factors can 

Table 3. Growth and feed intake of late fattening Hanwoo steers fed trace mineral-fortified microbial culture (TMC) 

Item  Control (kg) TMC added (kg) SE p-value 

Growth1     

Initial wt (21.8 mo old)  517 512 15 0.72 

Final wt (31.1 mo old)  698 719 19 0.31 

Gain   181 207 16 0.12 

Average daily gain   0.63 0.72 0.05 0.12 

Range  0.45-0.87 0.67-0.76 - - 

Feed intake2     

Concentrate mix 9.1 9.5 0.2 0.12 

Rice straw 1.2 1.2 0.1 0.12 

SE, standard error. 
1 Means of 8 observations. 2 Means of 2 observations and on a wet basis. 
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influence it. Deficiency of copper resulted in reduced feed 
intake and subsequently reduced growth (National Research 
Council, 2005). Deficiency of zinc reduced feed intake, 
growth, and feed efficiency and impaired immune function 
(National Research Council, 2005). An impaired immune 
system, resulting from deficiency of certain minerals, 
generally reduces feed intake and growth (Adams, 2001). 
Therefore, supplementation of minerals and microbes in the 
diet may have led to recovery from conditions of an 
impaired immune system and mineral deficiency to 
consequently improve feed intake, leading to improved BW 
gain. In addition, the TMC itself showed high palatability, 
possibly due to the included flavor enhancers such as 
molasses and jujube. The highly palatable TMC pellets may 
have induced more frequent consumption of the concentrate 
mix, resulting in increased feed intake. Alternatively, the 
highly palatable TMC pellets may have increased rumen 
microbial mass and further stimulated feed fermentation 
and digestion, thereby possibly acting as a positive 
feedback system to improve feed intake, as suggested by 
Adams (2001). 

 
Evaluation of the quantity and quality of meat 

Carcass characteristics: The consumption of TMC-
supplemented feed tended (p = 0.09) to increase the cold 
carcass weight by an average of 24 kg and did not affect 
yield traits such as dressing percentage, back fat thickness, 
longissimus muscle area, yield index, or yield grade. 

Moreover, quality traits such as marbling score, meat color, 
fat color, texture, maturity, or quality grade were not 
affected by TMC-supplementation (Table 4). The favorable 
increase in weight observed in steers fed the TMC-
supplemented diet resulted in greater carcass weights. The 
sale price was about 4.1% higher for the steers fed TMC 
than for the control steers. In contrast, Mir and Mir (1994) 
reported that feeding live yeast to Hereford steers did not 
affect carcass characteristics such as carcass weight, 
dressing percentage, backfat thickness, loin eye area, and 
yield index. Moreover, Kim et al. (2007a) reported that 
feeding a 1% microbial culture to Hanwoo steers had no 
effect on meat characteristics. However, dietary 
supplementation of zinc and other trace minerals has been 
shown to positively affect cattle performance and increase 
carcass weight (Spears and Kegley, 2002; Spears, 2003). In 
another study (Kim and Lee, 2014) on feeding black sugar 
and mineral premix to fattening Hanwoo steers, cold 
carcass weight was found to increase with no differences in 
yield and quality traits. In the present study, the combined 
use of microbes and trace minerals tended to improve 
carcass weight. 

Meat mineral profile: The effect of feeding TMC on the 
meat mineral profiles of steers is presented in Table 5. The 
treatment significantly affected (p<0.05) the mineral 
concentrations in the longissimus muscle. Compared with 
the control steers, TMC-fed steers displayed increased 
concentrations of zinc and selenium (p<0.05), but showed 

Table 4. Meat characteristics of Hanwoo steers fed with trace mineral-fortified microbial culture (TMC) during the late fattening period1

Item Control TMC added SE p-value 

Cold carcass weight (kg) 406 430 13 0.09 

Yield traits     

Dressing (%) 62.3 64.3 1.3 0.14 

Backfat thickness (mm) 12.6 15.4 2.5 0.29 

Longissimus muscle area (cm2) 79.8 82.3 4.6 0.60 

Yield index 64.1 62.2 1.8 0.31 

Yield grade2 2.00 2.25 0.40 0.54 

Quality traits     

Marbling score3 4.6 4.1 0.9 0.59 

Meat color4 4.63 4.88 0.23 0.29 

Fat color5 3.25 3.00 0.25 0.34 

Texture6 1.75 1.63 0.26 0.64 

Maturity7 1.88 2.00 0.13 0.34 

Quality grade8 (%)     
1++, heads  1 (12.5) 0 - - 

1+, heads  2 (25.0) 3 (37.5) - - 

1, heads  1 (12.5) 2 (25.0) - -

2, heads  4 (50.0) 3 (37.5) - -

Sale price (million won) 6.27 6.53 0.49 0.60 

SE, standard error. 
1 Means of 8 observations. 2 Scored: grade A = 1 (lean), B = 2, C = 3 (fat). 3 Scored: grade 1 = poor, grade 9 = excellent.  
4 Scored: grade 1 = scarlet, grade 7 = dark red. 5 Scored: grade 1 = white, grade 7 = yellow. 6 Scored: grade 1 = good, grade 3 = bad.  
7 Scored: grade 1 = fully mature, grade 9 = least mature. 8 Scored: grade 1++ = 1 (best), 1+ = 2, 1 = 3, 2 = 4, 3 = 5 (poorest). 
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similar concentrations of copper, iron, manganese, cobalt, 
and molybdenum within the longissimus muscle. More 
specifically, the longissimus muscle of steers fed the TMC 
contained 15.5% higher zinc, 46.7% higher selenium, and 
14.8% higher (p = 0.07) total trace mineral concentrations 
than those observed in the longissimus muscle of the control 
steers. The longissimus muscle of steers fed TMC had 
consistently higher concentrations of most of the trace 
minerals compared to those in the longissimus muscle of the 
control steers. The range of mineral concentrations was 
intermediate to the values reported by Westing et al. (1985) 
and Williams et al. (1983).  

The control diet in this study contained more potassium, 
sodium, iron, and manganese, and less magnesium, zinc, 
and selenium (data not presented) than the dietary 
requirement specified in the Korean Feeding Standard 
Establishment Council (2007) and National Research 
Council (2000) guidelines. Dietary incorporation of these 
deficient minerals for TMC-fed steers resulted in higher 
retention in the longissimus muscle. Similarly, Yoon and 
Stern (1995) reported that yeast culture supplementation 
improved the retention of minerals (potassium, copper, and 
iron) in growing ruminants. Moreover, Cao et al. (2000) 
reported that zinc supplementation in ruminant diets that 
were deficient in zinc resulted in increased zinc content in 
the muscle of the animals. When probiotics with bentonite 
were fed to steers for 22 months, the longissimus muscle 
showed higher concentrations of zinc (49%), copper (100%), 
and iron (34.5%) (Kwak et al., 2012). The inconsistencies 
between the results of these studies and those of the present 
investigation seem to be due to different dietary factors and 
feeding conditions. In the present study, the addition of 
copper sulfate to the feed did not increase copper 
concentration in the muscle, possibly because dietary 
supplementation of sulfur reduces copper absorption 
(Spears, 2003). That being said, the muscle selenium 

content significantly increased even though dietary 
supplementation of sulfur reduces the bioavailability of 
selenium (Spears, 2003). 

With respect to the major minerals within the 
longissimus muscle (Table 6), TMC-supplementation did 
not affect concentrations of calcium, phosphorus, 
magnesium, potassium, and sodium, but increased the 
concentration of sulfur (p<0.0005), relative to that in the 
control. This phenomenon was attributed to the dietary 
sulfur contributed by sulfate forms of zinc, copper, and 
cobalt in the feed. 

Meat amino acid profile: Effect of the TMC-
supplemented dietary treatment on the amino acid 
composition of the longissimus muscle is presented in Table 
7. The amino acid composition of the longissimus muscle 
was affected by the dietary treatment (p<0.05). TMC 
consumption increased (p<0.05) the concentrations of 
lysine, leucine, and valine, and tended (p<0.08) to increase 
the concentration of methionine among the essential amino 
acids and decreased (p<0.05) the concentration of proline 
among the non-essential amino acids. Dietary 
supplementation of sulfur in the sulfate form of trace 
minerals apparently resulted in the increased muscular 
retention of the sulfur amino acid methionine. However, 
another sulfur amino acid, cysteine, which can be 
synthesized from methionine (National Research Council, 
1998), was not affected by this treatment. Additional energy 
supply, apparently by increased feed intake in the present 
study, can improve amino acid synthesis in the rumen by 
increasing microbial growth, and improve amino acid flow 
into the lower digestive tract as suggested by Asplund 
(1994). When additional nitrogen and sulfur are available in 
the rumen, limiting essential amino acids can be 
synthesized by the rumen microbes. Microbial protein is a 
high-quality protein because it has higher concentration of 
essential amino acids than does vegetable protein (Ishler et 
al., 1996). This increase in microbial amino acid digestion 
and retention likely induced increases in the concentrations 

Table 5. Trace mineral composition (fresh basis) of longissimus 
muscle of Hanwoo steers fed with trace mineral-fortified 
microbial culture (TMC) during the late fattening period1 

Item  
Control 
(ppm) 

TMC added 
(ppm) 

SE p-value

Zinc 69.0a 79.7b 4.8 0.0425

Copper 1.36 1.49 0.11 0.2618

Selenium 0.30a 0.44b 0.05 0.0195

Iron 25.2 29.9 2.3 0.0710

Manganese 0.20 0.23 0.02 0.1885

Cobalt 0.11 0.13 0.01 0.1102

Molybdenum 0.03 0.04 0.01 0.4860

Total  97.0 111.4 6.9 0.0734

SE, standard error. 
1 Means of 8 observations.  
a,b Means with different superscripts within the same row are significantly 

different (p<0.05). 

Table 6. Major mineral composition (fresh basis) of longissimus 
muscle of Hanwoo steers fed with trace mineral-fortified 
microbial culture (TMC) during the late fattening period1 

Item  
Control 
(ppm) 

TMC added 
(ppm) 

SE p-value

Calcium 71.8 77.3 5.4 0.3854

Phosphorus 606 542 119 0.6593

Magnesium 289 299 13 0.4740

Potassium 2,776 3,089 202 0.1588

Sodium 526 515 28 0.7007

Sulfur 7,735a 10,775b 654 0.0004

SE, standard error. 
1 Means of 8 observations.  
a,b Means with different superscripts within the same row are significantly 

different (p<0.05). 
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of certain essential amino acids in the longissimus muscle.   
Most mammals can synthesize proline from arginine 

and glutamate, and proline and its metabolites constitute 
one-third of the amino acids in the collagen proteins, which 
provide the muscles with the strength and structure required 
for movement and general function (Wu et al., 2011). 
However, it is not currently clear why proline concentration 
decreased in the present study. 

Meat fatty acid profile: Effect of TMC consumption on 
the fatty acid composition of the longissimus muscle is 
presented in Table 8. The fatty acid composition and 
saturated or unsaturated fatty acid ratios of the longissimus 

muscle were not affected by the dietary treatment. Similarly, 
feeding probiotics with bentonite to beef cattle for 22 
months did not affect the fatty acid composition of the 
longissimus muscle (Kwak et al., 2012). 

In conclusion, TMC supplementation during the late-
fattening period enhanced the concentrations of certain 
trace minerals and essential amino acids in the longissimus 
muscle without inducing any deleterious effects on the 
performance and other carcass characteristics of Hanwoo 
steers. 

 
CONCLUSION 

 
The results of the present study indicate that TMC 

supplementation in the diet of late-fattening Hanwoo steers 
could be recommended to improve carcass weight, meat 
quality, and net income without negatively affecting animal 
health and carcass characteristics. The use of TMC in the 
beef cattle diet induced higher bioavailability of certain 
trace minerals and sulfur. Moreover, ingestion of the 
inorganic sulfate form of trace minerals improved the 
retention of certain essential amino acids in the muscle. 
Thus, TMC supplementation could aid in maintaining the 
health and welfare of beef steers. 
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Essential amino acids    

Lysine  5.5a 5.9b 0.1523 0.0321

Leucine  4.9a 5.4b 0.1918 0.0124

Valine  4.2a 4.4b 0.0904 0.0440

Methionine  3.8 4.0 0.0743 0.0853

Threonine  4.6 4.6 0.1082 0.4994

Isoleucine  4.3 5.0 0.4617 0.1517

Arginine  6.6 6.7 0.1545 0.4321

Phenylalanine  4.8 4.9 0.1089 0.3190

Histidine  4.3 4.4 0.1373 0.3779

Non-essential amino acids    

Aspartic acid  6.9 7.1 0.1438 0.1210

Alanine  5.0 5.2 0.0998 0.1013

Serine  4.1 4.2 0.0915 0.3551

Glutamic acid  9.1 9.4 0.2333 0.1853

Proline  18.5a 15.0b 1.5914 0.0438

Glycine  4.0 4.0 0.1042 0.6386

Cysteine 1.8 1.9 0.1514 0.6860

Tyrosine  4.5 4.4 0.0833 0.1984

SE, standard error; DM, dry matter. 
1 Means of 8 observations. 
a,b Means with different superscripts within the same row are significantly 

different (p<0.05). 
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