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INTRODUCTION

Livestock manure, after appropriate biological and 
physiochemical treatment, can be utilized as a fertilizer 
source necessary for crop growth and energy sources, 
such as biogas and solid fuel (Manyi–Loh et al., 2013; 
Mazeika et al., 2016; De–Vries et al., 2012).  On the 
other hand, if managed inappropriately, livestock 
manure can act as sources of soil and water pollution 
and odor generation.  Therefore, it is most important to 
develop and employ environmentally friendly manure 
management technology to improve rural residential 
environment and negative image of stock raising indus-
tries (Appels et al., 2011; Kim et al., 2015).  

Until 2010, swine manure used to receive more 
attention than cattle manure.  Thus, swine manure–cen-
tered treatment and management were performed domi-
nantly.  Then, as the swine manure treatment technology 
became stable and people’s awareness toward environ-
ment changed, civil complaints regarding cattle manure 
surged and cattle manure–related regulations became 
strict (Kim et al., 2016).  In this situation, to properly 
manage cattle manure, it has become necessary to 
secure more accurate data on physiochemical properties 
and production units of manure.  Though a lot of studies 
have been conducted to identify the cattle manure pro-
duction units and the physiochemical properties of cattle 
manure, these studies just stayed within the limits of 
presenting manure production unit evaluation based on 
metabolism cage without reflecting the characteristics of 
bedded pack barn.  If such data are used to estimate 
manure amount, which is collected in the mixture with 
bedding materials from bedded pack barns every 2~3 

months, it becomes difficult to gain any realistic value.  
Over almost 93% of South Korean beef and dairy 

cattle farms use bedding materials to collect manure 
(Kim et al., 2016).  Various kinds of bedding materials 
are utilized depending upon livestock species and barn 
types.  Of them, rice hulls, expanded rice hull and saw-
dust are the major bedding materials used frequently.  
They are selectively utilized in cow sheds considering 
livestock feeding management convenience and price; if 
necessary, they are even mixed.  Sawdust is one of the 
most broadly used bedding materials in South Korean 
bedded pack barns.  In 2014, sawdust was traded at USD 
210 per ton.  According to the guidelines for shed floor 
management of National Institute of Animal Science 
(Kang et al., 1995), it is ideal to change the sawdust 
bedding of cowsheds every 38 days or 9.6 times a year if 
5 cm thickness of bedding is placed.  The sawdust chang-
ing cost of each time is about USD 26 (124 kg) per head 
of Korean native cattle for breeding.  It costs about USD 
250 per head a year.  This high cost of sawdust works as 
a critical factor in farming households’ decision on when 
to change the sawdust.

In terms of animal welfare and shed environmental 
management, it is also critical to change bedding materi-
als at an appropriate point of time (Tucker and Weary, 
2004; Fregonesi et al., 2007).  Overused bedding materi-
als can have a negative effect on livestock raising envi-
ronment by causing vermination and diseases, under-
mining productivity directly.  Moreover, overused bed-
ding materials carry excessive moisture to disturb nor-
mal composting process and cause environmental pollu-
tion due to foul smell and low–quality compost (Das and 
Keener, 1997; Ahn et al., 2008a).

To address the aforementioned problems, the cur-
rent study has evaluated and re–estimated the manure 
amount produced from Korean native beef cattle raised 
at bedded pack barns.  An appropriate bedding material 
change cycle has also been proposed after considering 
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the moist absorption characteristics of bedding materials 
and manure mixture as well as the sawdust cost.

MATERIALS AND METHODS

The amount of Korean native beef cattle manure 
production in bedded pack barns and its physiochemical 
characteristics were evaluated for 76 days.  To maintain 
identical experimental conditions, 40 cows were raised 
with a stocking density of 7.5 m2 per head in a cowshed 
built according to the standard design suggested by  
KNACF (2008).  Total mixed ration (TMR) was fed twice 
a day (10:00 am, 6:00 pm) with free water access.  
Sawdust was used for bedding.  A forklift truck and skid 
loader were used to bring in commercial sawdust in units 
of 500 kg.  After completing the 1st round of sawdust 
take–in, it was evenly distributed in 5 cm thickness.  
Then, 40 cows were placed in the 5 pens, as shown in 
Table 2.  Sampling was done at 5 or more sampling 
points in every cow pen.  In order to ensure the homoge-
neity of the collected samples, secondary classification 
was performed according to the VDI4630 (2006).  The 
samples were kept under refrigeration at 4˚C for charac-
teristic analysis.  A structure with 90 cm height, 180 cm 
width and 90 cm length was built in this experiment to 
weigh the manure mixed with bedding material after 
experiment termination by utilizing the skid loader and 
pallet scale (2 ton±1 kg).  The properties of sawdust 
used in this study are shown in Table 1.  

Manure sample collected from each cow pen was 
dried at 105˚C for 24 hours and its moisture content was 
measured.  Then it was burned to ash at 550˚C for 
8 hours to measure volatile solid content (USCC, 2002).

Water holding capacity (WHC) was analyzed by 

modifying the existing method of Hilgard (Ahn et al., 
2008a; Mabuhay et al., 2003).  In a typical experiment, 
about 100 g of sample was placed in a beaker and 
weighed.  Distilled water was added enough to barely 
cover the sample in the beaker and left at room tempera-
ture for 24 hours.  The liquid was filtered with a funnel 
and filter paper (pore size 2.5 μl) to the maximum possi-
ble extent.  Next, the filter paper was covered with a 
beaker turned upside down and placed on the screen.  
To minimize moisture loss through evaporation, they 
were kept within a closed space with little temperature 
change for 24 hours.  After 24 hours, the sample contain-
ing beakers were weighed.  The WHC was calculated as 
in the equation (1); 

WHC(%)= (WS– M)+MCi×M
――――――――

WS  
................................... (1)

WS: Weight of saturated sample
MCi: Initial moisture content of sample
M: Mass of the wet sample 

Bulk density was measured by putting the sample in 
1L mess cylinder and weighing it.  In this process, to 
reduce the empty spaces inside sample, the sample was 
dropped the same number of times (3–5 times) from the 
same height (approximately. 10 cm) for measurement 
(Ahn et al., 2008b).  The bulk density calculation was 
done using equation (2);

Bulk density(g/mL)= Sample weight (g)
―――――――――――――
Volume of the cylinder (mL)

.... (2)

RESULTS AND DISCUSSION

Table 2 shows the body weights of cows used in this 
experiment along with each cow pen area, cattle head-
count and feed intake.  TMR was provided twice a day at 
8:00 am and 6:00 pm.  For the 76 days of experiment, 
1.9% (dry matter basis) of daily average weight or a total 
of 585 kg of TMR was fed.  An average of 44.3 kg of 
weight gain was observed. 

Table 3 shows used sawdust volume, manure pro-
duction volume and weight of sawdust bedding material–
mixed manure.  The average amount of sawdust used 
per cow was 108 kg and as bedding material was 14.4 kg 

Table 1.  �Characteristics of sawdust bedding

Items Sawdust

Moisture contents (%, w.b.)   6.5±0.2

Volatile solids (%, d.b.) 98.6±0.4

Water holding capacity (%, w.b.) 80.2±0.6

Bulk density (kg/m3)  250±3.0

(mean±S.D., n=6)

Table 2.  Arrangement of cattle and their performance (weight gain and feed intake)

Pen Body weight (kg) Feed intake
(DM† kg/head∙day)No. head Area (m2) Mean Initial Final

1 10 75 397±36 377 417 6.7±1.4

2 10 75 403±33 383 431 7.7±1.2

3 7 50 425±17 408 435    8±0.8

4 3 25 426±3 399 460 8.9±1.4

5 10 75 412±20 392 438 7.1±0.8

Average                     7.5 m2/head 412±12 392±11 436±14 7.7±0.7

 (mean±S.D)
† Dry matter
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per m2.  The net manure production amount excluding the 
sawdust bedding material was 136 kg per m2, which was 
approximately 9.4 times higher than that with sawdust.  

Excluding the bedding material, daily production of 
net manure per head was 13.4 kg, whereas, including the 
bedding material, the daily manure production per head 
was 14.9 kg, which is 14% less than the conventional S. 
Korea Hanwoo manure production unit (17.3 kg) evalu-
ated based on metabolism cage (KRDA, 2009).

The changes in properties of sawdust bedding mate-
rial and Korean cattle manure mixture with time have 
been displayed in Figures 1 and 2.  The moisture con-
tents of the bedding material and manure mixture 
showed a rapid increase until Day 30 and the moisture 
content of sawdust at this point steeply rose up to a 
maximum of 89% of WHC.  

From Day 30 of the experiment to its completion, 
the Korean cattle manure moisture content showed a 
gradual increase (Fig. 1).  This is deemed because the 
sawdust bedding was fully saturated then it could not 
absorb more moisture. 

Volatile solid content was 98.5% on the day of saw-
dust carry–in, representing the original sawdust prop-
erty.  However, around Day 30, the level reduced to 
85.5%.  After Day 30, the decrease in the volatile solid 
was remarkably slow and remained around 83.3% until 
the last day (Fig. 2). 

The optimal moisture content for normal compost-
ing is approximately 50~60% (Liang et al., 2003).  If this 
level is exceeded, moisture fills in the voids to foster an 
anaerobic condition, disturbing efficient composting and 
causing odor (Ahn et al., 2008a).  Thus, for stable 
manure treatment and livestock feeding and manage-
ment control, it is desirable to change sawdust within 
10~30 days as much as possible.  However, given the 
sawdust cost, it is not easy to actually follow this saw-
dust–replacement schedule.  If manure treatment cost is 
considered, the sawdust bedding material change period 
may be extended up to the maximum possible term 
where manure treatment problems caused by increased 
moisture content can still be under control.  By consid-
ering the aforementioned factors comprehensively, a 
50–day sawdust–changing schedule is deemed practical.

CONCLUSION

To conclude, manure amount produced by Korean 
native cattle raised in bedded pack barns was evaluated 
and an appropriate bedding material change cycle was 
presented by considering the moisture absorption char-
acteristics of bedding materials and sawdust purchasing 
cost.  

In the sawdust bedded pack barns with 7.5 m2/head 
density, the daily net manure production amount was 

Fig. 1.  �Variation of moisture content of beef manure and sawdust 
bedding mixture.

Fig. 2.  �Variation of volatile solids content of beef manure and saw-
dust bedding mixture.

Table 3.  Mass of sawdust initially added and manure accumulated in barns during the experiment period

No.
Input sawdust Manure and bedding Manure only

kg kg/m2 kg/head kg kg/m2 kg/head∙day kg kg/m2 kg/head∙day

1 1,443 19.2 144 9,748 130.0 12.8 8,305 111 10.9

2 1,060 14.1 106 9,616 128.2 12.7 8,556 114 11.3

3 580 11.6 83 7,614 152.3 14.3 7,034 94 13.2

4 456 18.2 152 3,229 129.2 14.2 2,773 111 12.2

5 794 10.6 79 14,937 199.2 19.7 14,143 189 18.6

Mean 14.4 108 – 150.5 14.9 – 136 13.4

 (mean±S.D)
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13.4 kg/head and the manure and sawdust bedding mate-
rial mixture production was 14.9 kg/head, showing a 14% 
lesser amount than the existing S. Korean beef cattle 
daily manure production unit (17.3 kg/head).

In around 30 days after sawdust bedding material 
carry–in, the moisture content of manure mixture 
including sawdust bedding material soared up to 89% of 
sawdust WHC.  However, after Day 30, the moisture con-
tent increase was noticeably slow.  If sawdust bedding 
material change cycle is estimated by considering the 
livestock feeding management and manure treatment 
aspects, 30 days after initial use is ideal.  However, the 
sawdust bedding material change cycle may be extended 
to a maximum possible period of 50 days where 
expected manure treatment problems are still under 
control in order to minimize manure treatment cost.  
This is because the sawdust bedding material’s moisture 
content increase is markedly slow in this 50–day period.  

The present study showed manure production unit 
and physiochemical characteristics of beef cattle raised 
in bedded pack barn and such findings are expected to 
be useful as the basic material necessary for designing 
and operating individual farm manure treatment facili-
ties and centralized livestock manure treatment plant 
facilities.
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