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SUMMARY

I. Title

A Study on the Development of technology for improvement of value-added from dried
mushroom spent medium (Development of the dryer for mushroom spent medium and
technology for improvement of value-added from dried mushroom spent medium using

surplus waste heat generated during sterilizing mushroom medium)
II. Purpose and Significance of Research

The market size of mushroom is gradually expanding at domestic and abroad through
the economic growth and well-being food preferences. Accordingly, the size of the
mushrooms spent medium that occur after harvest of mushrooms also largely increased.
But currently, it is only to be used for supplying it to the farmers with free or affordable
prices as compost or animal feed. Therefore the improvement of utilization for the
mushrooms spent medium and necessity of commercialization for improvement on

value—added are required very much

Because there is no machinery to recycle mushrooms spent medium at Southeast Asia
as well as overseas, we can develop the machinery suitable to mushrooms spent medium
through this study, we can promote opportunity of export. If we could export the
mushrooms spent medium machine by starting from Southeast Asia to expending to other

area, this would be expected to contribute significantly to domestic-related jobs.

In order to develop dryer of the mushrooms spent medium and technology for
improving value—added from dried mushrooms spent medium by using surplus waste
heat generated during sterilization mushroom medium, we need to know as follows
D The technology to recycle surplus waste heat energy during sterilizing mushroom
spent medium, @ Development economic dryers and drying technology, @ The
possibility of using solid fuel pellets for boiler, and @ The possibility of recycling to
the material of mushrooms

medium and stock feed ingredients.

< Development of Waste Heat Recoverying Dryer, Particle Size classifier and pellet

molding machine>



Primarily, sawdust, cottonseed meal which is used as feed, and beet pulp are mixed to
produce mushroom medium. After softening through primary decomposition by fungus,
spent medium 1s formed. It was expected that spent medium could be processed into bulky
feed, which is not only easy to digest and to absorb, but also nutritious, through special
methods such as low temperature instantaneous dry grinding process to minimize loss of
nutrition. However, one major drawback of spent medium as feed is that it is not suitable
for long term storage, or long distance transportation because of its perishability resulting
from its water content over 60%. Its usability could be expanded if it is possible to lower

its water content below 20%.

< Set—up the operating conditions of dryer for waste heat recovery and making pellet>
Domestic demand for pellets increased rapidly from 18,000 tons in 2009 to 1,737,000 tons.
Only 90,000 tons of them were produced domestically in 2014, while 1,654,000 tons
accounting for 95% of domestic demand came from overseas. Mushroom production
through automated large scale bottle cultivation has enabled year-round -cultivation
system using sawdust and by-product of agriculture, which generates spent medium of a
certain size everyday. The spent medium consists of sawdust, rice bran, corncob,
cottonseed meal, beet pulp, and such like. However, the value of pellets as solid fuel
should be clarified, using spent medium which i1s a mixture of ingredients that have
calorific values higher than 4,000 kcal/kg.

< Value-added enhancement of dried mushrooms spent medium >

Korea imports most of ingredients of medium for mushroom production, which results in
great price fluctuations in accordance with harvest and import of overseas markets.
Accordingly, development of alternative medium and recycling of resources are required for
stable mushroom production. Organic matters for mushroom production imported from
abroad are discarded, or used as cheap compost, currently. If measures for value—added
enhancement are found from research for recycling methods, such as production of
mushroom medium using spent medium as a secondary ingredient, production of livestock
feed, and production of fuel, their distribution should be considered as a way of boosting

farmers’ income.

III. Contents and Scope of Research

The final purpose of this study is to do follwings through development the dryer
for the mushroom spent medium using the surplus waste heat during sterilizing
mushroom medium:

@® Reduction of mushroom production costs by recycling dried mushroom spent

medium as materrial of mushroom medium.



@ Development of environmental friendly fuel alternative to the fossil fuel.

® Contributes to low-carbon green cycle Agriculture using high nutritional
supplementary feeding of ruminants with dried mushroom spent medium

To achievement for above purpose, the following research goals and the range was

studied.

< Development of Waste Heat Recoverying Dryer, Particle Size classifier and pellet
molding machine>

1. Waste Heat Recoverying Dryer: Development the Waste Heat Recoverying Device.

2. Development of grain size classifier

3. Development of pellet molding machine

< Set—up the operating conditions of dryer for waste heat recovery and making pellet>

1. Investigation of Exhaust-scale of mushroom spent medium

2. Set—up the proper drying conditions : Proper drying conditions survey for the storage
and transportation

3. Analysis of physical and calorific value of the pellets

< Value-added enhancement of dried mushrooms spent medium >

1. Component Analysis for the material of the mushroom medium and spent medium
before and after dry

2. Recycling identify optimal medium composition using dried mushroom spent medium

3. Availability for fertilizer, solid fuel or feed

IV. Results of Research

< Development of Waste Heat Recoverying Dryer, Particle Size classifier and pellet
molding machine >

In this study, we developed a process for drying waste medium efficiently used while
minimizing the additional energy consumption of energy by utilizing the waste heat
discarded in the process of creating the medium after sterilization of the mushroom
production process. Possible to recover the waste heat generated during the operation of the
sterilization medium mushroom industry’s first attempt to use the waste heat and the
waste reservoir medium, drying and recovering device was configured with a condensate

storage tank.

“Chammat mushroom farming corp.” produces around 2 tons of spent medium a day.

Spent medium is taken out of bottles and left to dry naturally. To facilitate drying, waste

_10_



steam i1s provided to JACKET directly during the operating hours of sterilizer, about 6
hours, or waste hot-air from drum dryer at a temperature of 40C ~60C and a humidity of
below 50% 1s induced. Stirring apparatus using a small power i1s installed inside. In

addition, a duct or a blower could be equipped as necessary.

Waste heat is utilized by equipping a existing dryer with a duct to connect to waste
steam produced as a by-product of medium sterilization and JACKET. JACKET was to be
installed inside the existing dryer in the early stages of research. Eventually, JACKET is
installed outside considering the interference of 2400rpm high speed rotor. The
improvement of the existing dryer leads to higher drying efficiency. Spent medium that
does not need airflow dryer is transported to pellet molding machine through a conveyer
system after adjustment of water content using drum dryer. A tryout of molding ended up
with success after modification of compressibility of dehydrated waste medium and increase
of water content to 18-209. Dehydrated spent medium of water content of below 15% was
processed into pellets considering the fact that it does not contain any adhesive ingredient

unlike wood pellets.

Two types of particle size classifier were produced on the assumption that mushroom
medium might contain sawdust; 4mesh and 8mesh. However, after the analysis of
components and usability of mushrooms chosen as objects of study, oyster mushroom, king
oyster mushroom, winter mushroom, and beech mushroom, it is shown that winter
mushroom does not contain sawdust. In addition, oyster mushroom is found to be less
valuable to process into secondary ingredients for mushroom medium because of its
containing too much sawdust, which means that particle size classification process has little

commercial value. Accordingly, further study was not conducted.

< Set-up the operating conditions of dryer for waste heat recovery and making pellet >
We investigate the drying system operating conditions for active use of the spent media,
the first rotational speed of the drying conditions in the reservoir is 2 times / min, the
time is at least 8 hours, and the medium dose is 150kg/h, when the movable heat and
ventilator operate It was the most efficient. When the air current type dryer, if the primary
drum dryer at a moisture content after drying is 30% 1,50072,000rpm rotor rotation, the
input to 300kg / h, a water content of about 16 to 18% and dried. The moisture content of
the pellets were molded in the most advantageous time to be around 15% during the

storage period after molding alteration being even less pollution, such as fungi.

< Value-added enhancement of dried mushrooms spent medium >
The disclosure of Oyster Mushroom, king oyster mushrooms, winter mushrooms and
beech mushroom only to spent medium component analysis was conducted of mushrooms.

Mushroom inoculation medium, incubated medium, and mushroom spent medium, a

_11_



three-phase medium C/N ratio, organic matter and minerals, including a change were
compared. Results comparing the RDA of notification in accordance with the standards of
organic fertilizer, hazardous ingredients are below standard and, using the value as a
fertilizer in organic matter content more than 80 were sufficient. In addition, it is
determined that it is possible the use of fertilizers or mushroom growth zero components
do not have a large difference in degree as compared with the conventional products that

are commercially available.

We tried to find a way to use spent medium as an alternative of certain ingredients that
have similar C/N ratio, related to fruit-body formation and growth, with it. As a result of
demonstrating cultivation using spent medium as an alternative of beet pulp, the amount
increased 1% and the operating costs were reduced by 93,514 won/day when king oyster
mushroom spent medium was reused to grow oyster mushroom. And the amount increased
4.4% and the operating costs were reduced by 181931 won/day when winter mushroom
spent medium was reused to grow king oyster mushroom. In the case of winter mushroom
and beech mushroom, their productivity decreased when spent medium was used. Even
though not all spent medium of 4 mushrooms can be recycled as ingredients for mushroom
medium, king oyster mushroom and winter mushroom spent medium still has a possibility

of becoming alternatives of materials for mushroom medium.

In addition, the pellets meet in durability and calorific value to wood pellet standards.
Bio—material nature, and the solid fuel, heat is determined that can be used as bio-solid
fuel is higher than the reference (3,000kcal / kg). When used in manufacturing molded
pellets as fuel for medium sterilization, it showed less consumption than conventional wood
pellets. Pellets of oyster mushroom harvest can be sterilized medium was 116kg less than
traditional wood pellet consumption (123kg), which can be expected to sterilize the annual
fuel savings of 13,000,000 won to 10,000 bottles scale.

FSM was produced by adding 5% of winter mushroom spent medium pellets to control
TMR, and PSM was by adding 5% of king oyster mushroom spent medium pellets. There
were two groups of 20 cows in late—fattening, and each of groups was fed on FSM and
PSM for 6 months from 26-month age to 31-month age. There was no significant
difference in the amount of intake among them through entire experimental period.
Considering that the experiment used cows in late fattening phase when the amount of
intake generally decreases, spent medium pellets of higher ratio than this experiment chose

are considered to be able to be used during growing and early—fattening periods.
Reviews beef fattening steer to the top and a king oyster mushroom spent medium pellet

addition of one conductor, back fat thickness, muscle area times the maximum, was found

not adversely affect the meat weight index and meat weight level and marbling index.

_12_



In conclusion, the result is a top and a king oyster mushroom produced by the pellets of
the test spent medium suggested the possible use of TMR raw beef in fattening late

castration.

V. Result of R & D and Utilization plan of the results

< Development of Waste Heat Recoverying Dryer, Particle Size classifier and pellet

molding machine >

(O By utilizing the drying technology with waste heat harvesting, pelletized and
long—-term storage of mushroom spent medium is easily moved and can be used as a

value-added resource.

< Set-up the operating conditions of dryer for waste heat recovery and making pellet >

(O Technical training for farmers to take advantage of mushroom spent medium in the
optimal dryer operating conditions

O It confirmed the superior calorific value than solid bio fuel usage than traditional
wood pellets that can contribute to reduced fuel costs for farmers

O operating costs savings effect for farmer of Log Gasification Boiler installation

< Value-added enhancement of dried mushrooms spent medium >

O Spent medium of dried Enoki mushrooms and big Oyster mushrooms can be used as
a substitute for beet pulp and can contribute to import substitution effect and reduce
operating costs in Oyster mushroom or Oyster mushroom similar cultivation

O To spread the use of technology of dried spent medium that can contribute to
increase productivity and reduce operating costs

O To spread the use of a fuel pellet of dried spent medium that can contribute to
enhancing added value of mushroom spent medium

(O Available nutrients in organic fertilizer or mushroom enhancer can lead to create of
high value-added products

(O The value of feedstuff Confirmed for feeding Castrated cow with dried spent medium

pellet of Enoki mushrooms and Big Oyster mushroom

_13_
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Pellet Production with waste heat and mushroom spent medium

Fig. 3-1.
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Table 3-8. WA =& FwjA& o]&ste] Al 7KL 155 A

] -8-(2/kg) H] 3

W Al = gk ul 7] 20 TFETEF 60%

T -5k 5 ad 108 F7
Az 9 "d3lst AR 40 75k wx8A] 7Fx100¢]
7] 40 2160,0009/121
3] 10 FAA 5

Fad s zancl 74 200,000,000¢ / 61
A 189 -

Table 3-9 =7} AW A 2+ A] H A0 =
R A WL

100°C 121C | -, . Az 8 75
TYAIZE | EmgAZE | S S AR | dad] | dEdr)t | ArEz
" ] " ] /\] Z_l'(‘fr‘f‘j) [e] R ] }- n et
(&) (&) (Kg, L) (€) M(HY
el HA
9
cgmmaan | 27 269 116 29,000 | 2509 /kg | 4575
SElEHA
9
P 30 283 119 29750 | 2509 /kg | 4.350
o] H Al
9
gmman | 28 2772 117 29250 | 2509 /kg | 4500
a7k Al
ki - 75 33 288 122 30,500 | 2509 /kg | 4,125
=R BRI
RUES ]
e 58 25 263 123 43050 | 3509/kg | 360
Afr(Fue WAl
e © 50 23 253 59 44,250 I -
300Kg/H) 7504 /L,
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Al HAY 238 55 AR 2 AFSS7] AJESEA T o) Hl A Alge diEE Y 9
&3l Q7] Wil =A FE7Fe] Wsel met WA L7 5438 S AAE oFst aQle
2 Zgsta Qo 53] WA ALbel A Hole} ZElelHAe] 49 F5 dlal F3He HU
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Table 3-10. WAl A& wj=]e] F=Q Yx9 A FUF

(4 : ton)
20053 | 20061 | 2007 | 20083 | 20094 | 2010 | 2011 | 20124 | 20139 | 2014\

=Z3IH 80,177 | 71,425 | 134,388 | 130,433 | 106,894 | 97,692 | 106,977 | 109,703 | 98,833 | 90,147

HEFX | 120,390 | 144,215 | 185,488 | 151,992 | 141,321 | 145,566 | 145,260 | 155,071 | 124,563 | 162,807

v 7 320 45kg 5,834 6,003 946 36 132 4976 1,978 58

H 2 7 84,790 | 81,5915 | 88685 | 100,158 | 90,263 | 77,949 | 76,059 | 67581 | 81,518 | 64,054
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2005 | 20061 | 2007\ | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014
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w2 293 - 167 175 191 1,233 508 315 405 356
A ) 113 132 146 197 180 236 264 217 221 267
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A T ABENAE 100%, 75%, 50%, 25% M &= A7 AT Az WA
A PDACIA 7917 ke Aoz WEsel T AFS 2AHY

(4) A5 Al
ZereE AL Aol WA A& HEHZ &0 AL 7Fs3AE HESH] 16t
=04g:35g:67g:26g) & WETZ s, HE
3 =2 100% thAst mAE AxstArh FEgE
zx43te] 850cc W g % 121CelA 9047E askatet & wWzhste] -ERg WAl
FET TS WHF 12g% HFTsE 20T A 25U wigFst & APl ARSI T
FrelgAl el HA$= 1100cc ¥ B4 43g, <3 B73g, 1|7429g, H7]215g, HijolHtog,
) F917g, | EHZ220 W24 (g, ﬂ}%/ﬂ] 23g, WE6gS H71e AS
ek, o], WY Al g5l dxEE 100% ﬂ%xﬂo}oi Hxli Z
65% 2 ZA3te] 1100cc M 750g A Y o
“EFHIHA AAFT S mEEARE @56}01 OCOﬂH 2547t HH 'J 5 Aol AHgstitt

Holw Aol -+ 1100cc HF &
oA 9g, HE20gS H7e S o z
WA AZEZ 100% At vl E A %3
750g A YHIZ 121 CollA 903 A F Wzhsle] bE‘rﬁlﬂ%“ °“xﬂz%§ ==
AFRE HFste] 20T oAl 259 7F wj st = Al dol AFE-statt

g A el H9-= 900cc W F5 80g, I H68g, U7 L66g, lF343gS HIFsH A S
Hx7=2 dFiE LE‘rfﬂ, Zrelg], oAl FETuR] AXEZ 200% At 86gS H

@]I

ﬂJ

7beta Z2IHE 4 247}0}04 AE Axsdn. FEFFS 66%2 =835t 900cc M
6000g 4 g3 —f‘f— 21CellA - 90wzt kst § wztste] wbg WAl Fats ¥ 20g
A& skl 20TelM 257k Wi = Aol A8 Sl

g, 7% Arze) 24 Ahs4 wa
(1) FAF WA D AEn

TAZo g BTV (240LEH) A S-S 60—Cr(7ﬁ*]iﬂ%‘ 689.3+2.88kg) S A AHs T A
b WA A T Zol7F ax] s F 15709 - (Gx10m)oll ZHzE 4574 HH??]@}‘R}F—’, 22 7t
FE5A AATE F dA FdT AYTE E 3-139] e 9= vkek 2ol i =7 (Control),
oA Fgenjx A5 7_‘47}?(1781\/1) 2@ 2t HA FEealx] 8 HIHPSM)E T
watgen, Al F 209G ) FASA (1" 3-25), 2670 HEEH 314Y #H7HA 6
ME st AlFARE Folssdt)

Table 3-13. 27+ 2L Algd 8fx &3 Animals and treatments]
Control” FSM? PSM?

SH-AA 1537 20 20%F 205

Sujx] #Hao] 5% FHHEZ A %FH TMR
Y avelg Al FE5ulA] "ol 5% FHEEE AxHE TMR
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Fig. 3-25. AFGAIE FQ AX TS0 §57))
Hanwoo steers at the final stage used for the experiment

Fig. 3-26. ®o] @ Zrelelmsl SAFMA Al P
Pelleted spent mushroom (Flammulina velutipes and Pleurotus eryngii) substrates

AlgA RS HE57] TMRS ol&3tlen, o]l 2 v il F&5ux Agi(2d
KeR

=
3-26)9] YurAEE H3 Uk gom, gy 2L AYTE 9 AP AR 2L AY
Aol QubgEe #3152 E 3163 2tk Aol ¥ e £FuA Agle B
o 4 2 N4 ¥

4 FEe A Alx FAAAM FE 5%E H7beT

Table 3-14. o] 3 S=ehelMA FHFuA Bl Ay

Chemical composition (%) of pelleted spent mushroom (Flammulina velutipes
and Pleurotus eryngii) substrates

7% dwzad zxw NDF ADF %3% NFC” TDN

oAl ALl 85.7 10.9 4.3 43.9 23.1 8.6 32.3 62.6
Zehe Al Al 85.5 11.9 11 48.7 32.8 7.9 30.4 61.1

UNon-fiber carbohydrate
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Table 3-15. Al @Atz ABALE v §Hi]

Ingredient composition (%6) of the experimental diet (TMR)

Control" FSM? psM?
48 AR(EE71E, %)
ol 1eb~ 2 5.0 5.0 5.0
E9 25 A 5.0 5.0 5.0
I} 3 35.0 35.0 35.0
Eagetl 13.0 13.0 13.0
ol 3] 145 12.0 12.0
< 3t 11.8 6.8 7.8
o+ 2.0 3.0 3.0
Eagel ol 4.0 5.0 4.0
o 3] 5.0 5.0 5.0
gt} 3.0 3.0 3.0
e 0.3 0.3 0.3
Yol M Al = 2 5uf A 5.0
S WA T g0l A 5.0
434 0.3 0.3 0.3
RS A9 1.0 1.5 15
H BRI -m] | & 0.1 0.1 0.1
A 100.0 100.0 100.0
N ESE
2 solw Al £ 5ujx] Aglo] 5% FHE = ZﬂZ% TMR
D aveema SEFua fele] 5% FiH RS AxH TMR
Table 3-16. Al @A 9] LR
Chemical composition (%) of the experimental diet
Control” FSM? psm?
vk AE(A=71E, %)
= 388.5 388.4 38.4
ek 13.3 13.2 13.3
=AW 49 5.3 5.2
NDF 30.2 29.2 29.7
ADF 16.0 15.0 15.8
Z3 % 5.7 59 5.8
TDN 31.0 81.0 81.0
“ e

% TFEHEE Ax" TMR
1 5% stHE =2 Azd" TMR
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Q) AEAATE R AT 54

AFEAH FS 1Y 23(08:00, 18:00) FolF thad ol AtEFo] A @oJALRE 78]
2 Zoldl ot AxtEal, AT FAFES 2ASH] fste] AI@NA Al AT AE F
5 Al AsE SAHE 3203w, SAFS AFEMNA AsH TEAFTY AolR i
t}.

I~

Fig. 3-27. A% =7 [Body weight determination]

o 12717+ 7 g3
BYARANECEAFASFY, 20009 wek K% L §3 FFS AT FUE FQ A 5
FAZYE W we

(5)E A A 7
A Ao 3k EA 2= Statistical Analysis System(SAS, 2000)S AF&39 L, ZF 2 g
T¢] ¥ 3F7F B 1E Duncan’s multiple range testS o] 83Fo] p=0.05 oAl A A8kt
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3. 4% 2 7
7F WAl v 2] e e g
(1) FAIHAS] 5 = vjA o A 24
Ul “eh WAl Au F7h7b Sl wlEske WAl
At Zrelglw Aol oF 6000 Eo 2 °F,000% FE9] 43 o
/ﬁ\

o EH so7 &8&EI

g Al el iAo AR BAS vl 2ARSEY] fleko]l b wAlE BAl HF A A,
eF e wiA 2 WAl =8 5 oS 4 e FHE A= 0T 4 Ax

./_]:
sfo] B4 ARE AHESAL,

Table 3-17. 34 WAle] AQu]g njze] o|slatyd EA
Comparision of physicochemical properties on the 3 step for cultivation substrates

ST 7ol whet el
(c9) o | EI" | E2” |E3™ | F1 | F2 | F3 | Hl | H2 | H3 | Pl | P2 | P3

A 18| 18| 196| 184| 207| 164| 117| 15| 143| 171| 18| 193
B 5195 | 5114 | 4981 | 4745 | 4720 | 4555 | 5250 | 50.86 | 5077 | 4712 | 47.49 | 47.76
C/N ratio | 2886 | 2841 | 2541 | 2446 | 2280 | 27.77 | 4487 | 3391 | 3550 | 27.56 | 2553 | 2475
A4k 124 126| 134| 263 247| 27| 134| 18| 197| 051| 056| 041
7] 089 | 08| 083 123| 134| 084 0% | 122| 109| 058| 053] 036
7484 T4k 001 | 0019 | 00093 | 00094 | 0018 | 0012 | 0014 | 0017 | 0034 | 00067 | 0.0062 | 0.0075
5] 235| 256| 324 336| 364| 509 036| 044| 05| 081| 087| 098
I 05| 045| 058| 096| 10| 115 054| 072| 082| 032| 033| 036
ot7}e] & 296 | 322| 395 45| 532| 719 113| 15| 165| 121| 135| 145
MnO 0.0059 | 0.0059 | 0.0068 | 0.0065 | 0.0062 | 0.0055 | 0.0065 | 0.0059 | 0.0062 | 0.0062 | 0.0066 | 0.0055
B20O3 0.0038 | 0.0034 | 0.0038 | 0.0041 | 0.0049 | 0.0046 | 0.0026 | 0.0032 | 0.0012 | 0.0043 | 0.0052 | 0.0062
3 0021 | 003 | 0044 | 036| 0011 | 0011 | 0022 | 0.04| 0049 | 0016 | 0.033| 0041
T 0.001 | 0.0008 | 0.0005 | 0.0008 | 0.0007 | 0.0006 | 0.0005 | 0.0007 | 0.0008 | 0.0008 0.001 | 0.0009
o} 0.0043 | 0.0045 | 0.0044 | 0.0059 | 0.0048 | 0.0052 | 0.0036 | 0.0053 | 0.0063 | 0.0024 | 0.0036 | 0.0022
=g2d o I = B I B s B s I I B s B s B I = B

7% 8957 | 8816 | 8588 | 81.81 | 8138 | 7853 | 9051 | 8768 | 8753 | 81.23 | 81.83 | 8233
Axz71§E4 | 3714 | 3156 | 3095 | 3012 | 4377 | 2407 | 2193 | 4107 | 4121 | 1885 | 2613 | 1814
GANREY | 3264 | 3857 | 4342 | 3435 | 57.23 | 6149 | 2695| 365 | 3871 | 37.14| 4661 | 50.09

LA A A A, T2 g R WA, T3 mAl 28§ oA



1}

Z

A Aol 7t

1
T

FAY Er A4 AFE

Az A5 skl A ARE

tol
170104 e ez A4

tol 1.54)

b1

IS

AN

e
w Alol v
T2 33%

[e)

=

=

L.

_]

A

A1 9]
1% Any Z7E .

[e]

=
[€)
]

7}
Aul
A=

&
o

R

A
Ebel

=

HE 5o

=

e AE wjAle] C/N&ol o

L,

ARk, Yol Ao wix C/N&

bl ot

A oA, wFes

ol
5

A=

o

WAL A E-g wi A

=

-
T

=]

o 3
b o e 4

276%°0 4 24.8%% 2.8% #HAsklaL, w7 A2 44.9%0l 4 33.9% % 11%7F ZHAaskaith

A MA(=EE], 28, Heo], vyigwsel 24 A7 iAo AR WSt

2 (
E

A
N

ol
00

) %)

s}t

H] A 45mg/kg, 7}

2hx] o

k<]

1= A
130mg/kg, =& 250mg/kg, T2l 400mg/kg, YA 45mg/kg, °oFA

o

——]'9;\]:]' Eq—ﬂ]-/\ﬂ %.L_‘_E]—E]’ ﬁgo]’ %7]‘Q’, “l__,_'E]_E‘I ‘/_*'\_

2= 2%0]
3

1
=

<

i

o
H

(?%
2mg/kg,

atH,

S

e
boloF gkt w2 (3A)

7FA oF

=

=

3
Smg/kg,
1,000mg/kg©]

o

=)

70% 0]

=

el
B

—_
o

E

‘ﬂl
N

Ho
A

iy
e
T
)
<
i)
el
TH

B

= EAN, FEre e mE Al 1.9%0]d2

,_._mo
To
o))
3K
4

<

%
ol

e

X

5 A

i~

AR

ERE
o3
2

)

A 24

=

7ol sttt

-

s

Fol

B > whrbe > sgo] >
A

Bl > Zx2gg > vty > 9o] oz BAE )

=v
— =

3 o] ¥ Al (676.45mg/kg) ©]

2ol A

(510.95mg/kg) Bt} 160mg/kgol A =kl ofn = 2boll = F 6 x| 7F2]

13

_63_

31.37%%} 21.31%= T=©etg|HAlo] ¢

A"k Na

o
o)
=

T

[¢]

|2k

©
=
L

s

S ECIESE



Table 3-18. &4 WAlol & & wjx]e] FFd&

Nutritional ingredients of spent mushroom substrate according to mushroom species

(9] : %)
26}y ol "7}t etel
FR 6.13 8.30 8.35 14.34
z | zgwd 12.13 9,50 10.33 8.47
Al =AW 3.08 6.33 2.52 0.18
e 31.37 21.31 30.45 50.25
%37 9.17 9.87 6.66 3.04
Ca (%) 1.89 2.2 0.33 0.62
P (%) 0.58 11 0.96 0.18
K (%) 0.45 0.62 1.17 0.19
Na (mg/kg) 510.95 676.45 249.38 243.37
Mg (%) 0.32 0.52 0.49 0.2
_ | Fe (ng/kg) 383.95 310.88 456.66 378.73
; Cu (mg/ke) 0 0 0 0
o | Mn (ng/ke) 42.33 57.61 57.94 34.05
= | Zn (mg/ke) 25.76 21.9 51.14 10.99
Cr (mg/keg) 8.41 5.8 492 3.15
S (%) 0.21 0.16 0.14 0.13
Cd (mg/kg) 0 0 0 0
Pb (mg/ke) 0 0 0 0
As(mg/kg) 0 0 0 0
A =¥ 0.217 0.165 0.164 0.138
w2 9 0.135 0.122 0.123 0.118
ol ATt E AL 0.835 0.591 0.628 0.582
Efoyd 0.392 0.314 0.342 0.291
A 0.413 0.314 0.354 0.33
FFe) 1.109 0.935 0.914 0.911
of | Z&A 0.457 0.354 0.365 0.305
n | ookgid 0.454 0.369 0.396 0.314
S 0.396 0.306 0.33 0.32
b | o)Al 0.306 0.211 0.228 0.232
2 0.561 0.408 0.415 0.422
E}o] 241 0.149 0.245 0.18 0.137
s etebd 0.35 0.308 0.282 0.313
gho] 2l 0.305 0.298 0.345 0.235
GEAAAS] 0.152 0.156 0.152 0.129
ob= 7] 0.647 0.427 0.348 0.427
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Table 3-19. &%= Azl JIAdE
Chemical composition on the pellet of spent mushroom substrate

Tt o] et et

T (%) 10.17 13.41 7.33 3.84

A (%) 13.87 10.81 8.64 8.54

A (%) 2.98 6.3 3.71 1.52

AT | 247 (%) 26.57 18.83 28.58 44.99

Z3]%(%) 6.27 38.53 7.13 3.08

24(%) 0.055 0.55 0.012 0.06

Z+=2 2] (cal/g) 3,094 3,619 3,739 3,761

Ca (%) 1 0.25 0.4 0.63

P (%) 0.7 1.13 1 0.16

K (%) 0.6 1.04 1.15 0.57

Na(mg/kg) 436.77 215.87 281.7 360.44

Mg (%) 0.38 0.53 0.5 41.66

Fe(mg/kg) 543.66 468.83 304.2 493.99

S Cu(mg/kg) 414 15.95 6.08 412

Mn(mg/kg) 74.46 107.66 94.34 41.66

Zn(mg/kg) 28.81 36.88 35.04 18.65

Cr(mg/kg) 8.5 5.62 7.22 1.09

Cd(mg/ke) 0 0.1 0 0

Pb(mg/kg) 0 0.99 0.65 0.6

Hg (%) 0 0 0 0

As(mg/kg) 0 0 0 0

Al askE (%) 59.44 64.61 70.68 33.79

NDF (%) 48.53 38.96 45.68 65.11

ADF (%) 32.75 20.79 33.3 53.87

2l 1d (%) 8.81 6.3 6.13 17.34
T3 S AR 9R5E AMESHA v 3B, v, "), BEEEZ Fo] HAux e o
B2 AREEI Q7] wEel, 3A HAY 8 F wiAE VlE 2ARE &&s7] fet 29
Wz 2AY, 24T & A9 AR Fo1E, oAl s FASATHEE 3-18). Sl
Aol AzxA| e Aol JAFAES vl B, A uwA ko] xF Eolxal 1 9]
o] AT (EAH, AR, I BT A o= Holy F Aol HolX rE &
Ao o] &¥ HolHA FETux o UG ELS 4 S(2012)0] AFSE f-Euyel 371 A H ol
Al AAEE oAl T AE(Z=dEMA 93799%, NDF 286742.6%, Z3|%
9.8713.3%, =AW 2.274.6%)% F 2ol 7t AR, A 5(2007)0] ARG oAl FFu)A|



o] AWk RS zuohwlad 789% NDF 75.0% =A] 2 dAFoa o]fHd solujAl F=Fu)x|
Hlslto] o sheFe vk NDF $hee o tha G4 77 v o= ZAMEQATH
Sl Al A o] ddk AR % Gal 5(2011)0] FAFS A¥= 2dwA 135%, NDF
70.8%, &3] 9.4%, =AY 0.8%, NFCH A -Frawtr3sE) 55%°]AaL v 5(2006)0] ZAbgh
Av= oA 729% NDF 78.2%, %38 4.7%, ZAW 2.1%, NFC 7.8% 24 =}o]7} gl Ak
= AT ARgE A 7F NDF &&Fo] w9 vti NFCEFS =2 Aoz Yy

() FoEA AE o] FE WA AFAMEY W FAG A
WA RS A AR ANER ATE FEATH

MAATE Sl APE FH Mol AAW, ¥ ATANE FAS 4F

o C/N&& ZAFSte] WA AR F FAE ONES Holt mERAZA g A= s

g3k BAY BHE A

_l

s oFE XAFSHY] fste] $A H
T 7FE g 5 oA B Fe] w2 =EEHA £ = A E A dxste] v 8=
d A 2 A o] A2 B3R A (Y ¢ E3XB |
50 St -] 100, 70, 50, 30, 0%(w/w)
= Al 532uf A &F EFete] Azl on, A Au) HASRE B £33 EF28
C
Pz

=
e QWA H7h e AR S g

Table 3-20. =850 &3H| &0 2 =elg|H Ao 57|37
Cultivation period of the oyster mushroom according to mixing ratio of spent
mushroom substrate

E38(%) #5235 3
53zl | LGE | meas | zwel | assl | F | weas | xwel | asn | F
100 | 0 23 5 5 3 | % 6 5 36
0 | 30 18 5 5 28 | 16 5 5 2
50 | 50 15 5 5 % | 17 5 5 27
30 | 70 15 5 5 % | 16 5 5 26
0 100 | 16 5 5 % | 2 5 5 32

4 501200 =B B ATE WA WAALE 5097 A= ol
grow AE, e 10730% FEOoE HsbEkelE WA Almule] 238% 4w 47 m

2 Zteva Bmasy

%o
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FAMAL FHFuAL] WS Am AFHE A FA AFS 0] 95l $30 tube
2 o, ulA Welel EFHE 100, 75, 50, 25, 0% ATk WA B
e A3, 120CA 3087 BT ake] Agatsih 2 BAMAL HAF A
gahglom, Yats WMAS FAT 5o ugol we Axste] At

7h =

g
sepese 5
AgSE PERT 24S AHESH, 2 £ 85
58, C/NEL 227699 Haald = Aol
A2 TN C/NEo| 204%2 oF7k %9k o
S Ale] vlE] o 10% 4% =7 wio= AdHT

Table 3-21. =gkl Ae] WA EFE WY L AEEY 2 5

W Ewel | FE |y
o] A O %/\ 2= 1 X 2=
PH | ONE | g | agas | PFET | ) | TEAT
Control” 5.7 27.6 25 4 4 1704 100
P?+& - Elu] 4= 8oy %) 55 28.0 25 4 5 172.1 101
P?+ 3 0] 4= & 5wl %] 5.6 271 24 4 5 165.4 97.0
P?+ w17} ek 3k 5 ) 2] 5.8 29.4 24 4 6 160.3 94.1
UControl &1 : WU : Wy @ yWalul : nlERE (= 42:30:12:16)
PP 1 Control ZA oA BEZEZuLS A A7l vlx 24
CER WA AR ZEEte] W d Ao g AR E I 7A] A7 24~25U 2 ZJol v}
gdoom i 7] T 477 PAEE 2ol A0SR 498 BRE XA e o] <F
A4S B a8y A{ALYSFE R 49249 vste] Z-Ele] ol Holw Al 5 u)



Fig. 3-29.

FajA] kel wE e Al A A

ZFelM = 6d= AFo] Ao

CEF WA S gl 2TE 10002 BokS u Zel Al e HUbE g2
o} Hjzek S BRon Holof wrtgHAl S8R HI7bE izl vl 3~6% 5
ol ZHAstAth e MAA £ C/NEo] A A= J&FS v XA &Avk 232 A
AG = A A3 AAA F5 FAE op7|3HS Fed = AUt =elg s Al Aujol
A A C/NES 2715~28% 0.2 FHHH HEHX O] As5=2E TelEHA F85n%
7F A oz gaE A
Table 3-22. =elg|H Al wjA|o| A HIEHZE 35 u|x]7} A 4529 HAAHEA

- AH | HARY | G | 2pe | s | Ed6 | A
(%) (/") | (kg/vH) | (H9) G <) (%)/day)
Control”(A) 730,618 170.4 1,704 | 3,408,000 852 | 511,200
PP+ -} 2]
s 667,454 172.1 1,721 | 3,442,000 860.5 | 516,300 93,514
T = (B)
(A)-(B) 63,614 34,000 -4,100
YControl &3], ul%b}—"% DA maEk B EFZ (= 42:30:12:16)
P : Control Ao A REZ IS A9 A7 wjx 2A <)
% AIARTFR : 10,0004 /day
CEE WA B A T HEEZE Z2Elg] FEFAE A4 Al AAPZEAS SFATHHE T,



2012). 212 10,0008 7]|F oz AzH|= 7306189 H 6361490 THawa, WA FHe =7}
skl 9ol 34,0009/€ol Frtetdh. AL SR 28 7F 41009 STFSERAA R, AR
HIHLE] 248 7hx] o] A ARl Agr] EA4s & A, 935149/¢e] A3 2HE By, 9
7F 3009 A 7o R 28,054,2009 9] Agn] dadE 7IdE S

(t}) =gl uA
7 FEFuA e CO/NES FAS] wiAd® F §AH8 CO/NES Hols HEZHZE fiAs)
= 7FsA S ERRIEA T E 3-2304] HiEnke) o] #efH oz FTL-ElE|HAlS Avjste E+
HEHY 23S gix272 39 72t a5 E Hriet 2§3S vadt 49 pHE 55~6.3

C/N&2 271~33%E EAth

Table 3-23. Ztelg|HAl vix] T HEHZZE S5z A3 wxE7E g AFE
AR g
- EI Z o) . Tk . .
A28 pH C/N& rpols | raols Asd (/) TEA T
Control” 6.1 28.7 25 9 9 189.8 100
EY+1-Elg] F835u)%) 55 30.2 2% 9 10 172.1 90.1
E?+3 0] =3+ %] 6.3 27.1 24 9 9 198.2 104.4
E?+ubrler 528357 5.8 33.4 24 11 12 155.3 81.8
UControl £&0], Bl : Z3H ;w7 \au v EAEZ : g)5y @ 924 : Ar]e o vjopur : g

(=17:29:4:3:9:7:9:6:6:2)

YE : Control ZA oA HEAZE A9 A7 24

SR M A VR E @A 2Rl W AAl] W SEEAA 2A4~25URE ol
FgRem # F7] F owelgyel SRHE el xadit

o
,
N

NS
8
I
P
o r
Lo
-
=
X,
N
)
kel

b AE T vk 1192 o2 Aol HvlE 2
7F Al gtel Hlsto] REZFEH A SR E HUME x
Utk Sl Al FEe 2T E 10002 BokS u oAl 85 ujx] Hrb el iz
TEY SFEE AoE YEyEth
SeetHAl wix] T HEZE IS HolvAl FEF AR A A BAEEAS A THA
5, 2012) € 10,0008 7oz AEBE 3913190 & 25 °
AAA oz Zgo] o]s WA= FH2> 207,131 tial 2Au| 7 2
AAH oz dd 181,931, Az 300¥Y 7+ 2= 5457930090 A9 ARays 7ge

F gk,

PR ES
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Table 3-24. Sx=elg]HAl d<d 10,0008 o] 3t vix] T HEHZE sfo|HAl FTFujx 2
) gk wl =] o] 7 A A A

Al 5.4 WA == T 79 R ] e 3 7] A7
A8 . . . . .
(%) (g/%) (kg/%H) (H) T ) )

Control”(A) 830,899 189.8 1,898 | 3,796,000 949 569,400

E?+330]
. 841,768 198.2 1,982 | 3,964,000 991 594,600 181,931

ST A (B)

(A)-(B) 39,131 168,000 -25,200

M B

- -

E+Z 0 E+QFZFE!

Fig. 3-30. =350 #] H7tel] w2 Zetely A zp2 A

(th) =gopm Al
g5ujA el C/Nes £ASY] WA R § AR C/N&S Kole HEZZZ diAst

3E A Bnkel o] Ay ow AoluAle Aujsts FHHIERZ ¢S dE2T=
gtol Zt FEFuAE A7 2¢S Hlad A3 pH= 6.1- 65 C/N&2 27-31%5 B At

oW Al AL &zketo]l W Aol wjF AR EIVIZMA 27-20U = Aolvh I e o w
7] & wo]g o] gnEE o] AL deE wEHAl a7 HokE Al w11
dz & Aggel vE 2dFE =gtk £33 AS5Le des diEzTel gkl whbEH
A FgFmAE J7b 2FoAE 290 ZojAlE AoE YEYTH

oAl &2 dx75 10002 Heks f & ﬂﬂ?oﬂ/ﬂ 9} v meba  HEZZ
= tiAsh7] faA FEFuAE Hdrkske A2 Aol gl Ao dddn
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Table 3-25. HolHA HjX| & HEHEZE FaIux2 QA axTFE v, ASEAL 2L
=2k
T o
W | zwol S
. Q o o~ o= PN
-8 pH C/N<& raolz | maols AL A (/) X 4=
Control” 6.5 28.6 27 9 21 317.4 100
F?+=Ele] 85~ 6.1 27.2 27 10 22 280.5 83.4
F?+ 2= Ele] 5835 %] 6.3 28.1 27 9 21 290.7 91.6
F2+ub7let S=8k5n) %] 6.2 315 29 11 23 270.1 85.1

YControl £8], 231 : n|7 ¢ H|EFYE : 2wy @ A8]A] @ LA 0 2 (=45:30:7:5:4:3:6)
|

Feoblal,  Fedihii  F-B7pE

Fig. 3-31. =350 x] H7tel] wp2 Zetely A 2p2 A

() AL A -

2 Aol M = 2 FEFA Y C/Ne&S =AY mix 98 F 165%° C/N&s Hols
7395 tAstE 7heAd S eblsk

3E 326004 Henkel o] @A ow vbZHEAS et H+dlFY 28E dETE

to 7} 33w E H7be 23S vud A3 pHE 55 - 58, O/N&2 gz vl3] &

FFujAE WS 2FelA 10%0]7d ztolE Bolwd ole H7bE g5 o] C/N&o] vt

7] wWEo = ke

0

[¢]

gk
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Table 3-26. W71 Al #j#] T W53 S 352 A wixE/7E g 554 2
Z=gF
T o
A e & H | one | M EE D asan | T agqa
° b Tl asas | zeas | T @y | T
Control” 55 44.8 42 10 9 180.9 100
H?+1=Elg] 83504 5.7 30.8 40 13 12 140.1 774
HY+ 2 1-Ele) 58350 7] 5.9 33.4 40 12 10 152.4 84.2
H?+3J0] 3135 u)%) 5.3 32.3 41 12 10 155.1 85.7

B oA 7E 0 ) (=30:27:26:17)

A 8

UControl &&u], v} 5 5 =

H : Control ZAolA tF3E A

o H

] 5= 5
A A7ERY] AAF o] tixte] vlE] =7] wWEd Aotk o FH7] §F HolPAo] dEHE=
Zto] A8 dFE T Ha 2-39e] =%, AFAE dFE 1-39 =oAh
b Al FEe E2TE 10002 BYS W BE AP T 15-23% A ghon o
2 Foto] WA A A BFENE FRFuAR gAsE e FAYe] g Row
Ar
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o

7%%*}‘?&4 48 7}%3—% dobr 7] flete] MA TS 4 A} sto] 5 7
Aol Hofstath ARt o WAl FEFuMAE FEFEe] EobA Fajrt 47] Wi <t
AR AZAE =Y 5 dE 7 A7 223 (Moon T, 2012), ]2 WAl 5w A

o] SA2 71543 Aol At
=AM WA S5 o] FEEF e BAE A dx B Al §59)
71wzl Abme] b B ARAS =aL, B Ve E tiEgtek Hlalste] Aol zh gl
z M 25l (FSM)

oh AaA 713 A g
11.3kg, =€}z ¥ Al

Table 3-27. WA F&Fuj=] A5 H7b7E g9 AMSY AE A F vA= 4
Effects of dietary supplementation of pelleted spent mushroom (Flammulina
velutipes and Pleurotus eryngii) substrates on feed intake of Hanwoo steers

N = Control” FSM? PSM®” SEM? P 3t

A A F(ke/D)

2 11.8 11.7 118 0.53 0.828
27 11.8 11.7 11.9 0.48 0.901
28 1.1 115 116 0.43 0.801
29 11.0 11.1 11.1 0.48 0.896
30 10.9 10.9 10.8 0.41 0.887
31 10.9 10.8 10.9 0.42 0.902

S

Dol Al T HAele] 5% FHHES xﬂz% TMR

Vet Al e FA Bele] 5% FREEE Axd TMR

)

YStandard error of the mean

2 AFgAE TMR 959 55 diAste] g9t 7] witdd A-FAJA AsAdFEF Aol
o] "7} ojE o] oy Gal 5(2011) ZelgMAl FEF A E LaAA T AAS
AR W 30% AAEE A9 waAC g9 ARdH Sl Tt wusaAw, ox
T oAEE WEAEs wa

S v vt e FrEE WA FEFEA "7 TMRS
Tolste] AEAAFY] F7F 297 TMR w9 &3¢ £35o v ¥k Kim 5(2012)2
g AAMFe §47] H HF7)e wigAtR e WA S FEwoletdA mAdE dEE S
Al SIS FrlR Fold A3 F A& AFH o] SMetE A o] vt Has)

AT
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NE B AL AndAR Sk a9t JEAE kA xtel vaste] 7]
7 22

Aol S A k7] wTel o2 Ax7 Aol ¥l FEteM A X = AA g
9] TMR%EE AHE 7 ke AlARREHL ~Ol = /\15401]*1 AR A gl Fashe A7
l S

14.0 ——Cotrol -=FSM ——PS5M
13.0 A
— 12.0 A
oll
S
'“_0 10.0 A
9.0 4
&g
7.0 1

6.0 A

5.0

26 27 28 25 30 31

HEZB

Fig. 3-33. H{Al g5ujx] A8 H77F &9 AASY A& AH = vA= 9
Effects of dietary supplementation of pelleted spent mushroom (Flammulina
velutipes and Pleurotus eryngii) substrates on feed intake of Hanwoo steers
FSM = o]yl FaFujxdsle] 5% FFE 2% Ax¥ TMR; PSM = S=etg|HA +5
TujxAglo] 5% THEH =2 AZH TMR. Error bars represent standard error.

2) AT, ddFALF B AR 2750l A= IF

HoIAld JHAAFT 2 tHET 687kg, FSMA P 693ke, PSMA 2]+ 688kg AH o,
FSM7F th& Al +toll vlste] of gt =7 AR w24 A3 7249l Abol= gllvt
(% 3-28 % 19 3—34)

=ot Al AT T 786keg, FSMA 2] 7+ 795ke, PSMA 2] 7+ 793kg o= A= 4L, FSM
A2 = 7H7\121]T-‘Jr =39 wE F8 A= AT S EAARE A3 e Al Aol
S HolA @ AVt s¢te] dLdTAFS vz 058kg/d, FSMA T 0.57ke/d
PSMA 2] 0.58kg/d &= ZAFE A o= A3 794 Zol7t gles HoEt

Z8k Al AlFol PSMA 27 2Ry =2, ddSAFe e Al YElstsE o
frio 2T Ald7IZte]l PSM A 72 7 &3k w&Eolt
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Gal 5(201D)¢] A2l = Sl FEFmAE 30% A7 A7 xR
O freld o A ES SV TR ddSAFAA = 2Hol7t gllal, Kim 5(2012)9]
5

AFANE WIS WAL BelFolshy d Seghelnsle] FEFuAS
F7hz Folstel ABMAT FAAFE 9o} AAZAFE Aot gl A0E nudy
o,

Table 3-28. M3 #3474 A3 W77k @5 AATS AT, AAFAF L AR LT

SRR
Effects of dietary supplementation of pelleted spent mushroom (Flammulina
velutipes and Pleurotus eryngii) substrates on body weight, daily gain and
feed conversion of Hanwoo steers

Control” FSM? PSM? SEM” P 3
WA A % (ke) 687 693 683 51.2 0.410
Z 2 A% (kg) 786 795 793 56.1 0.393
o) o Z A T (keg/Y) 0.58 0.57 0.58 0.068 0.751
Ao T& 195 19.7 19.6 0.27 0.689
s e
Vel Al FEFulAele] 5% FHH =S Axd TMR
U 2rgeu A S HAble] 5% FiE RS AxE TMR
)

YStandard error of the mean

B OAGAAE AR HAF D QAFAge] ATl mEeA deht AELTRE 7
AT A Ao} G Aem ZANAG, ol A5E ADIRE DET L

& AbR AAFIAAE Aol7h tekA 9] W] dnH oz A a

AR QA AR} vz dAFA el drTel Aol flo] e A Age
= Axd dol % Tuel Ml FHFMATL ST AA B9 TMRYER A8 715
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0 445 |

=

Klo o0.40 -

w0

S 035 1
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Control FSM PSM
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Fig. 3-34. }{4l &A1 A8l H7p7F ¢b9- AM -9 dLdFA ol v A= 3k
Effects of dietary supplementation of pelleted spent mushroom (F/ammulina

velutipes and Pleurotus eryngii) substrates on daily gain of Hanwoo steers
FSM = oAl at-5ul#] Aslo] 5% Ffr= == Ax¥ TMR; PSM = Z:ee|HAl
oujx] #Helo] 5% TH%H T2 A ZFH TMR. Error bars represent standard error.

H|537] AAl @9l A o] 2 et A FF5u#] A8 Hrbe =AF, AT

oHH A S 3 < o= YEYTHEE 3-29).
TR E FaAA F AAS AR U 30% H7He AFH(Gal 5, 2011)90 A
= 7 S8 Rustyga, =3I Kim %
ogt A3 S 9 Fd5do] Zo|7t
AR du

ZA REEIESO] olE 7}

AAAE §F SFWA olg vEY AR 335 AT kol folHel Aol
2% Aol 2 FrEewA FRFATL HSFI] A
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Table 3-29. Al Fe5uj=] Hel H77t ghg AAM S 22 A n2]= J3F
Effects of dietary supplementation of pelleted spent mushroom (Flammulina
velutipes and Pleurotus eryngii) substrates on carcass characteristics of

Hanwoo steers

Control”  FSM? psM” SEM? P %

LA F (kg) 445.3 451.8 450.1 41.3 0.528
SALFA (nn) 185 186 176 461 0.375
W) 2 7 e A A (o) 92.6 92.9 91.1 897 0.714
nhE e 2] 6.50 6.55 6.55 1.012 0.783
FATF1++1+:1) 5:10:5 6:10:4 5:11:4 0.392
= 5w (AB:C) 1:6:13 0:7:13 0:8:12 0.425

Vo

2 oAl S FujAAelo] 5% FHHES Azd TMR

U 2rgeu A FauHAble] 5% FiE =S AxE TMR

)

YStandard error of the mean

8.00 ~

7.00 -

6.00 -

JEIES

jnu

nl:l

4.00 A

3.00 -

2.00

Control FSM PSM

M|+

Fig. 3-35. A F&Fujxd 8 H717F sk AAM -9 wpE" Ao v X = J3
Effects of dietary supplementation of pelleted spent mushroom (Flammulina
velutipes and Pleurotus eryngii) substrates on marbling score of Hanwoo steers
FSM = oAl FZdFujx|delo] 5% FF¥EE AxE TMR, PSM = ZL=©gHA F
g aafx|Helo] 5% {5 == A Z% TMR. Error bars represent standard error.
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