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Development of Fuctional Feed for Production of

Fuctional Pork Meat Using Byproducts of
King Oysler Mushroom
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SUMMARY

The cultivation byproducts of King oyster mushroom(Pleurotus eryngii), fruitbody
defective, mycelium debris and used substrate, were developed as functional feed
additive for pig. The processing properties of King oyster mushroom byproducts were
evaluated. The fermentative processing technology of King oyster mushroom
byproducts was developed. The functional properties of feed additive and swine meat
were investigated. The breeding efficacies of feed additive on pig were evaluated.

The results were as follows 2,918 ton of fruiting body defectives, 23,708 ton of
mycelium debris and 353,099 ton of the used substrate were annually produced. Total
379,725 ton of byproducts was enough amount for the annual needs of processing
material. The economical value of byproducts as feed was estimated as 76 billion won.
The feed from byproducts is add—valued 13 fold. We investigated the seasonal change
of microbial patterns and physicochemical properties. There was no problematic
fluctuation in the microbial patterns and physicochemical properties. The best drying
quality of King oyster mushroom defective was obtained at hot—air drying at 45C for
36 hours. Comparing with processing efficiency of dried grinded powder the above
condition among relected King oyster mushroom(Pleurotus eryngii), Mud woody
mushroom( Phellinus linteus), Yellow oyster mushroom(Pleurotus cornucopiae), we
found out that King oyster mushroom 1is the best out of general component,
physicochemical characteristics, color degree, senses characteristics etc. The
manufacturing process of feed additive using King oyster mushroom byproducts was as
follows. Sucrose(10%) was added into the aqueous slurry of the crushed mushroom
byproducts as carbon source. The slurry was autoclaved at 121°C/1.2kg/er’ for 15 min.
The autoclaved slurry was used as substrate for three step subsequent fermentation
using Bacillus sutilis BL—2, Saccharomyces carisbergensis Saflager S—23 and
Lactobacillus plantarum KCTC3108. The fermented products of mushroom defective
was used as raw material for production of 1 functional additive for piglet. The

fermented products of mushroom defective was used as raw material for production



of 1 functional additive for pig.

The byproducts of King oyster mushroom industry, mushroom debris and mycelium
debris, were subsequently fermented by following three strains: Bacillus subtilis BL2,
Saccharomyces carlsbergensis and Lactobacillus plantarum. Bacillus subtilis BL2
produces levan sucrase which form levan(fructose polymer) and fructo—oligosaccharides
from sucrose, and several useful enzymes. Levan and fructo—oligosaccharides act as
prebiotics in animal and human. Saccaromyces carlsbergensis produces ethyl alcohol
and flavor from glucose, the remaining sugar of levan formation from sucrose.
Lactobacillus plantarum acts as probiotics in the bowel of pig. The products of three
step fermentation were used as functional feed additive for swine piggy. The viability
of fermentative products was stable at 4C for 1 month.

The test 1s to verify the efficiency of antibiotics substitutive functional feed of
fermented King oystermushroom byproduct and appropriate supplementation level to
weaned pigs. Firstly, weaned pigs are divided into control(0%) and treatment of
T1(0.5%), T2(1.0%) and T3(1.5%) and total 180 heads of pig were used by 15 heads at
a time and 3 times for each, and it was supplemented for 42 days. In addition,
growing/finishing pigs experiment was performed into C(0%), T1(0.5%), T2(1.0%) and
T3(1.5%) like weaned pigs, and total 240 heads of pig were used by 20 heads at a
time and 3 times for each, and the king oyster mushroom byproduct extract fermented
feed was supplemented for 42 days for the experiment. As for the manufacturing
process of the King oyster mushroom byproduct extract fermented feed, we mixed and
adsorbed King oyster mushroom byproduct extract 10 kg with basic feed 100 kg for
weaned pig, and fermented it in high speed ferment machine for 24 hours at 38TC.
After fermented in high speed ferment machine for a day, it was dried for 24 hours at
35C and kept in low temperature at 4C. The fermented feed for growing/finishing
pigs were manufactured in the same way. In verifying the efficiency of functional feed
for weaned pigs and developing appropriate supplementary condition, the manufacturing
form and quality was resulted that daily increase was shown to be higher in treatment
than control, and feed request rate was shown to be higher in control than treatment,

and the feed efficiency was shown to be higher in treatment than control. In



economical efficiency analysis, when the production index for the control is 100%
according to feed cost per increased kg of weight, it was shown that T1, T2, and T3
are 96.72%, 84.37%, and 88.14% respectively which means T3 is the lowest. In
verifying the efficiency of functional feed for growing/finishing pigs and developing
appropriate supplementary condition, the manufacturing form and quality was resulted
that the final weight was shown to be meaningfully higher in treatment than control,
and the feed request rate was shown to be higher in control, and the feed efficiency
was shown to be lower in treatment than control. In blood parameters, HDL—cholesterol
was shown to be meaningfully higher in treatment than control, and LDL—cholesterol
was shown to be lower in treatment than control. In carcass characteristics, live
weight was shown to be higher in treatment than control, and the high rank
appearance rate was shown to be higher in treatment than control. In economical
efficiency analysis, when the production index for the control is 100% according to feed
cost per increased kg of weight, it was shown that T1, T2, and T3 are 99.66%,
98.51%, and 105.85% respectively which means T2 is the most economical. In carcass
rank economical efficiency analysis, as we calculated auction prices according to
carcass rank evaluation, the control was 187,000 won and the T1, T2, and T3 are
187,400 won, 189,600 won, and 187,800 won respectively which are higher than the
control.

Physicochemical characteristics and antioxidative activity were measured to
investigate the possibility for functional characteristics of King oyster mushroom and
its byproducts. Byproducts of King oyster mushroom were classified with fruitbody
defective, mycelium debris and used substrate and fermented mushroom byproduct.
Moisture was the highest in fermented mushroom byproduct and crude protein was
1.72%, in fruitbody defective. Crude fiber was less than 10% except by used substrate.
Potassium was a predominant mineral in fruitbody defective, mycelium debris and used
substrate of King oyster mushroom. Of its byproducts, fermented mushroom was the
highest by 3,696.1 mg/100 g. Amino acid was the highest in fruitbody defective by
989.59 mg/100 g. DPPH radical scavenging ability of fermented mushroom was the
highest, showed 64.07+£0.23, 76.27+1.46% in its methanol and water extract of 10 mg/ml.



Reducing power was significantly higher in fermented mushroom than fruitbody
defective, mycelium debris and used substrate. The water extract of fermented
mushroom was the highest by 2.2240.03. SOD—like activity for 10 mg/ml concentration
was showed more than 50% except by used substrate. The scavenging of hydroxyl
radical was showed more than 50% except by extracts(1~5 mg/ml) of used substrate.
Its significantly difference was showed more than adding 10 mg/ml. Nitrite scavenging
effect was higher in pH 2.5 than pH 4.0. The effect were 42.93+1.71~72.97%+2.18% 1n
methanol extract and 57.66%x1.80~81.07%£0.81% in water extract. The first experiment
was to investigate the effects of fermented mushroom byproduct of King oyster
mushroom(0, 0.5%, 1% and 1.5%) feeds on meat quality and the plasma lipids of pigs
were investigated. Total lipid, total cholesterol and triglyceride of serum were
significantly lower in 1.5% fermented mushroom byproduct fed group than control.
HDL—, LDL—, and VLDL-—cholesterol were not significantly different between control
and fermented mushroom byproduct fed groups. Al and CRF were significantly lower
in 1.5% fermented mushroom byproduct fed group than control. GOT and LDH
activities were significantly lower in 1.5% fermented mushroom byproduct fed group
than control and 0.5% fed group. Antioxidant activity of serum was ranged by
45.92+2.46~47.25%11.64%, it was not significant. Sensory evaluation was significantly
higher in fermented mushroom byproduct fed group but was no significant within each
group(T1~T3). Lightness (L") value was not significant in storage 1 day, but it was
tended to increase in the after 20 days. Redness (a’) value was not significantly
different between added amount of fermented mushroom byproduct and storage days.
The cooking loss of the fermented mushroom byproduct fed group(1% and 1.5%) was
decreased in the storage 10 days, but it was increased in the storage 20 days. Shear
force was significantly lower 1% and 1.5% fermented mushroom byproduct fed groups
than control in storage 20 days. There were no significant changes found in the
moisture, crude lipids and pH during storage. TBARS content was increased in all
groups depending on the storage period, but fermented mushroom byproduct fed groups
were lower than control. When added fermented mushroom byproduct of 1% and 1.5%,

the ratio of UFA/SFA was increased as control level as in the storage 20 days.
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1. 7154At8 9 Q37 &4

7t A golH A BAE S A XA}

A&l A (Pleurotus eryngii, T=Ee]3%) Z=AMEL FHS o83 W(850
cn, 65@, PPH) A o= 2006 5956 2007 497b4] 9 13] Auiste], F 123]9
AR Aol MA R Au] F FabE (Y 1) MRS, #ATA 2 e e] AAdS
ZA et AZ A RS 13 A 10,0008S Astgd o, A Az, A QE, b
A kat, WA 2y, E)al S AHE RS AA, 2% 224205C, AdEFE 67+21%, CO5 =
1,500£500 ppmo.Z A E 479 AAFY wFAolA 3547 FAMNGES AA e &,
o] 4712 el 757 A4S AA, &% 1620.5C, AYHFE 95+1%, CO5 % 1,000+£200

1
ppme® FAE dxe] S 8d Ft Fia ofd AAAE LA v, AU g

ol

6+0.5C, AdlH% 87+1%, CO% % 1,000£200 ppm o & FH 3] 99 F-5-
S AHFAEFLS 17~19%9). Lol {7] /AL =R E 18¢

3ubm o R FHoho] AjFolMH, MATA], A vA] B
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AEE (ARRE Sl AT, FATA, A
o Agol A e AARY AX B4

A FolHAl Fakge] i ZAAFolA Tl WA, dAgx] 2 oHe) ]9
S A A Ak A 7|71 wA g 5009 /ks, AT 12,0009/%, #HulA] 12,0009/



9 Agste] AETPom, ofF 3% HARe TDN7IE 40%2 48die] 4EH 5
2 TDNZbl o@ AbRsbA9l 5009/ke A goke]l HEF FAZ AALA AAE B

sholet.

ot AEolHA RAES] #34 HA
AgolmA F=AHE F-S o83 (850 o, 659, PPH) Aoz 2006

W 59FE 2007 49714 9 13] Aujste] F 123]e AA AFolMA I Aw] & FAE
2 MARA], #AGA P FejAe] ArdE 2ARRTE AEAFAYHS 13] A
10,0005 Agfstiom, M Az, wWiAYE, A, AEZ, 2ea SHHET &
AA, 2= 22+05C, AHHFE 67£1%, CO¥ = 1,5004500 ppme & A H 279
T8 Gl A 35947 FAMSS AAE & dolfrE A #E7] FAHS AA
ol

o &
oft

W
o

% 1640.5C, AHEE 95+1%, CO% % 1,0004200 ppmo & A E oz A5 8
St T oY AAAE BAAT e, Ad dAFxAE & 16+£0.5C, HUEFE
87+1%, COx%5% 1,000£200 ppmO 2 Aol 99 THE 3UF ALH RAAE 838}
PAHEAFLF 17~199). Algo AFATHLS A A5, MR +8 A5 167F
Asegr)e g 7 el 50

Wale] Ao ArolE U, 48A17F & HujA] ¢ 25 E %
cm, Z°] 100 cn & 370 AN 7z FLI Fof HAMAE HlojAR
T F ARE ARSI o, AAGA = A A 48R F AT W A, HEll

A, AL A 5 3ER FARAE 247 5 G Akl e £ U Auw
i =2 C

—

AREEFaL, MR = A A5 ] PEEA 2 kg &9 <]
ALA el i 48413 §- lele] AS Fste] AlRR AREElT. AR MAEdE

zAbe7] f8) AREEE 3] AEmiA= vEd Z2u AP 98 WA= peptone
dextrose rose—bengal agar(peptone 5.0 g, KH,PO, 1.0 g, MgSO4+7H,0 0.5 g, dextrose
10.0 g, rose—bengal(1%) 3.3 ml, agar 20.0 g, distilled water 1,000 ml, streptomycin 30.0
mg) S A& starch casein agar(starch 10.0 g, casein 0.3 g, KNO; 2.0 g, K,HPO, 2.0
g, MgSO4+7H,O 0.5 g, CaCOs 0.02 g, FeSO47H.O 0.01 g, agar 20.0 g, distilled
water 1,000 ml), A+ nutrient agar(peptone 3.0 g, beef extract 5.0 g, agar 20.0 g,
distilled water 1,000 m)E 2t ARE-8hl o, v &) ey WA 9], A 94,
Hul2 5 3% AEE 7 A 3wEo R 10w A FE A=Y (10— fold dilution
plating method)& ©]-&3}3ith. Z Al A8 20 g& At 180 mlell H7kste] 303t



4 AYAN B 10 0l HAske] 90 mle] ARl oA HAsa, A% 10M)

7)
deiafxel] E5ste] Watw Abzbgeltov| = Aol aF wan, 27C 27 M AV

2 5~7Y, A 2~3Y, WA 7~14943F 72 g vy AR deE S
Aatdrt. A2e] pHE pH-meter2 SAs o, AR F FES 105C 719 A=

HI(C/N) 9] A, 2R (T-0)& A4, 2EA(T-N)9 29 A (T-P)2 KjeldahlH 2=
E< stehE Mol Fakalvh AlEolw Al A8 wix o] H kAl FFE AMEFHO RAE
850 crf PPY 5,000% 7|5 o2 Ab-g¥ &, F3H 5EH(30 ke/3E), v 11 (30 ke/E),
D7)& 5E)(36 ke/3E), HIEAE 2 5F (30 ke/3X), AAEF 1.5 (30 ke/E)Z 5,000

2ol 1o AHgE Fom AE eIt

g AEoWA BAES AxzA ZA}

ASolm Al T2 o] A Hxxds FHst7] o8, dzAH(GFA L840XW540xH35
m)o] 20704 So7ks Adxde] 242 Hol glon, 7 He myAor Ax2eE A4
& 7 RS Hoj e AV|AFARIE ARESITE ARE AXAR & 2 ke A Hol,
A 8T AZANE 3704 3Rk o Aejste], 24A1%F, 36A1F 1E]al 48A1%ko] A agk &
AzxAHTE 1702 3Rk o2 7o ARSI X2 40C, 45C, 50C, 55C 5 44
s FoUY ARES Ax A TN Ax T FHE A e THS WES
= 2 H3, WB(white—brown), B(brown),

2 o] fetow paatel wAU

ot A FolHA FAES AFY FAL
Aol Al stx o] AdE ety 918, AlRE A PESAC 1 kg ¥ wHal
HEste] 3ukE o R she] 25TCE AAE BODIR7|E o] &3t ZASAT FAE 244
b 73 Amih AAjsgleon, AgRstel o] HARE 0~9AFH R FASSITE XA

B AxEN ZAAF A AdbE AZzFAQA 45Tl A 36417 dF A AS AES)



ah A geln A RAES AFHY A}

M E oM A (Pleurotus eryvngii) 3}, 3% oIWA (Pleurotus cornucopiae), “33H
A (Phellinus linteus) s 3&°] MAS FAIste] 7HAAAES vl ALl A FolHAl
gxo] AFxFA AN FAA 7Y A Ao s AE 45ColA 36417 EF
Z3 o8 aEEH 7 (pin—crusher BFY)E o] &3t 43 EUS ZAIABEE AR
ok AUk RS AOACHORE FAs5 o, FE8F2 1056C S dguxzygos, 24

A
A2 Kjeldahl®, A2 SoxhletH, 32 3|2 E o] &3] 550Cel A 3|sA]3H
pHx ®A &% 1 gol T/ 50 ml H7bstel AAie] A0 § Asods o&3ho
pH—meter(Orion 420, USA)Z FA3 a1, A== AA4AE A7 A5 XA ek dl&x
gedls 2 g "ol § 0.1N-NaOHA A ste] gitghom shilsiqlnt, 8 ws
FEIA =) A(Ro—tronic  ag, BT—-RS1, Swiss)E o]&3te ZAHsI1, HEE
Viscometer (RION VT—04, Japan) & spindle No.1Z F74d3}31 o, 7%=+ 1,000 or W]

H S o] g3l Aty MxE AMapA (Minolta spectrophotometer, CM— 3500d, Japan)
2 L, a, bteZ gtsiglon, #5AAE 108S gidez FRE HAEZd vty

S

n:

o
nt

(SEM)& CARL Zeiss(German)2] VP14200]902H, gold coating®] ]2
)& 3,0008] & A B #2351t

2. AFoHA iz dartEriesig

7t AHEEF
WA o| AV8H T+ Bacillus subtilis, Saccharomyces carlsbergensis Saflager
S—23, Lactobacillus plantarum KCTC13104 %5 3502, 23}7] S50 JZ3sle] 237
A (amylase, protease, lipase, cellulase, phosphatase) A 58 o] 43+ Bacillus subtilis
© wEg gFolar, 4shy] wde] FHste] ditom HAEAA G FFE &olstA st
1 Vitamin B9 A, Vitamin E& T4E ZA38l=  Saccharomyces carlshergensis

Saflager S—23< (F)v]dvle] Q7 A Alf F2) S-dAx aRE FYsIs o, 48]



gl ARl F714

Ko
KCTC13104+= =g getelrtd AExd g el A Titol ALttt

U daEAEY] Ax
1) A&~ aE ol &3k vk

MG oA HAE 1,490 goll 745 ml o] &8 713 % Sucrose 250 g& A7}t
of AFEH7|E o] &ste] T Tl F 250 ml AZFEeRAFe 50 mlA 551
121Coll A 15+27F ntd & A& &, & Y s A2 AV8-3V AT}, Bacillus subtilise 1B
broth(yeast extract 0.5%, trypton 1%, NaCl 1%)E o|&3}o] 24A17F Aufe¥(37C, 250
rpm, 24 hr)¥ 5, AFoIH A FAbzel 1% FEo2 FFsko] vjF(37C, 250 rpm)s}3l
Y. Bacillus subtilis 8% 5 48A17F A H, YPDuA](yeast extract 1%, pepton 1%,
glucose 2%) A u] (20T,
S—23% 0.5 g/Lo] & & UA=F HFT thx 4841 vlF(20C, A w8l om, mhx]
W0 2 [actobacillus plantarume MRSHIA] (Difco™ Lactobacilli MRS Broth + lactose
0.5%)°ll HwF(37C, 250 rpm, 24 hr)d Fol AR 1%E5 HFAG. g

Lactobacillus plantarum 8% 3 48A17Fo] &5 Al FA T}

250 rpm, 24 hr)3t Saccharomyces carlsbergensis Satflager

0.5%, trypton 1%, NaCl 1%)& o]-&3}o] 24A17F Zulj<k(37°C, 250rpm) e+ 5, Al &) HA
FabEe] 1% o HdEshe] wik(37°C, AAwd)sA Tt Bacillus subtilis & 5 48
Alzro]l A F o] YPDHA] (yeast extract 1%, pepton 1%, glucose 2%)ol A AujE(207C,
250 rpm, 24 hr)3} Saccharomyces carlsbergensis Saflager S—23< 0.5 g/Lo] € &+ &
E A2 T A8AIZF HIF(20°C, AAwlY)sFRA o, wiX 2O 2 Lactobacillus plantarums
MRSH}#] (Difco™ Lactobacilli MRS Broth + lactose 0.5%)9] Auj%k(37C, 250 rpm, 24

hr)sk 3o Alg9 1% "EAT}. WSS Lactobacillus plantarum 8% 3 48A17H37TC, A

Aol s A Z



ok A EolM Al FAkE 6.6 keol A% 660 g= H7bste] AMESII O™, Bacillus sutilis
Wi Al HAZFS S7HA717] st widxds etk A wiF wiA|EA4 Levan
3 A (yeast extract 0.25%, Na2HPO4 0.3%, NaH2PO4 0.3%, MgCl2 0.07%) <} A %o
A BAE 2ZN 10%2 H7Vet AFL89.01 ) Bacillus sutilis®] Z2o] 9483 o] Fo
2o ARF o ARdA #@skA gd "G50 rpm)= HASATE. Bacillus
subtilis A% & 48A|7Vo] At Fol| Saccharomyces carlsbergensis Saflager S—23& 0.5
g/Lel = & J=F HFT T 48AzF wjF(20T, BAHd) Ao, wAo=w
Lactobacillus plantarume MRSHIA] (Difco™ Lactobacilli MRS Broth + lactose 0.5%)¢ll
A F(37°C, 250 rpm, 24 hr)gk Foll ANge 1% HETAC. wiFE  Lactobacillus

plantarum H<E § 48217 wiSF(37C, 150 rpm, XIBHHYF) & b5 AZITH

ot M&o|¥iA BALED} Bacillus subtilis®] FHRA

1) AE L Ak A FolHA BALEO] Bacillus subtilis®] 37 mAE IS

B
ol 7] 3] AjFolHA FakE 2AFNe FrE DSty Bacillus subtilis®] A7EE
s Th AlFolHA FakES #e &, FEHS ol&ste Al b, AsFolE

AR, Bacillus subtilis®] 71E8]X]1 LB broth &4 543}
5, st AEde BlEs 2480 SFF 100%(Control), S5 50%F 25l
50%(50%), 73 80%SF 25N 20%(20%), T7F 90%9 A5 N 10%(10%), 25
100%(100%) =2 W-F3ke] w3l
2) Ay o 99 o] Ay wixo] Awjk(37°C, 250 rpm, 24 hr)¥ Bacillus
~

% 4847 B AFFE SAPUL Bl FAY
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subtilisE

=3
2}, Wl FA|Zre] wWE Sucrosed] W3}

1) As = oAE o wfdAr] wWE  Sucrosed W3S Thin Layer

Chromatography (TLC)®= MERCKA}9] Silica gel 60 F2547}F =X % aluminium plate=



galor AREE  acetonitrile(CH3CN)ZF  water(H.0)& MERCKA}FS]
KR

2) Sample®] AZ : Sampled Z7]| A=A EA BE 244170 @9 = 1 A FHak

, 9AE2(7000 rpm, 10 min)E Y3t AedS 353 ¢ 100 gAlste] TLCHFHS
skt
3) A o wjgA 7t wWE  Sucrosed WIHS dolry] s AL

aluminium plate®] 108] 3]A % SampleS 1 ul® TLC plated] spotdte] TFEA|Z =
CH3CN : Hp0 (8.5:1.5)8dMe =2 13 A/MAIZ & YA AxR A|A o] S 33 HhEE AA
3] 10% HoSO. 5 o]83e] A 313t

’

A

ub, ] FA Zke] W2 Glucosed FEZA

1 As =2 A - v Al wWE Glucose W3EHS Glucose(GO) Assay
kit(SIGMA GAGO—-20)E ©|&3% 27k« ¥R oz gls) Hhth. Sample Z7]5 S
oA FH 24A12F E9E SISt

2) Sample?] AZ : #YAIZtll WE Glucose WM3HS Uolr 7] 93 sampled %
71 A B 244 @l® 1 mA HE & A2 (7,000 rpm, 10 min)E 3t
o] A=dMS F43l & 1008] 3]A3te] Glucose Assay kitE AFE3S T}

AFH L uf AR mE Glucose®] WStEFES 54387 95te] SIGMAALN A

AALE kitS AFESFA T, Aspergillus nigerol A AAAFE 500
purpurogallin unit®] peroxidase(horseradish)el] 38 mle] Z{FFo] =< & 0.1 mg/ml <

o—Dianisidine dihydrochloride &< 0.8 ml& &33le] Alg 1S A

unit Glucose oxidase®} 100

Z 3%
o sample 500 pl= F3F & 7} sampleo] A &1S 100 pl gL Ao 90%7F vkg &
12N H,S0, 100 plE H7bste] ¥bsS AX AlF G, Wb

microplate reader(model 608)2 &4% 490 molA =4 & GlucoseIFS =439t}

gl AjFoHA BEALE S AFAZA
D Auek vi# 2ovjgz - Aol Al daAts Alx 5 AR w
ol Wsts Qe flste, dx® AFolHAl FAkE 300 g& skt 1+
Bacillus subtilis= LB broth(yeast extract 0.5%, trypton 1%, NaCl 1%)Z o]-&3s}lo] Zuj

F(37C, 250 rpm, 24 hr)d}il, Saccharomyces -carlsbergensis Saflager S—232



YPD(yeast extract 1%, pepton 1%, glucose 2%)E ©]-&3ste] Auf (20T, 250 rpm, 24

hr)8t9 o™, Lactobacillus plantarums MRSHIA] (Difco™ Lactobacilli MRS Broth +
lactose 0.5%)°l Awk(37C, 250 rpm, 24 hr)s}Fic}.

2) AgHE - FHE AFoIHA BAHE 300 gofl Zhzbe] wiAl 2 owjtzdel A A

00 m» LA #F7F HFeHA Frh. L F 150 ml2 ALHIAUT)

sdow 13 740w 477 4TS 54 PHe Foel Fsg

AL A gl Sl dE7)e/hE

AFolM A Fake FolA wASA], A g B el A MR AfF ol
AoArel AFAEE &) fste AR S AFEHRA ergosterol®] F& AL
ato] m gk},

1) ergosterol 4 : AZAIZ] N8BS FA wWol Hogk AL Ax=E W= 0.1
g9 Ao MeOH 7 mlE go] mykalo] 412
&A1Y, FF5 3 mlF} hexane 2 ml
2 FEHH ygloz Byt 123 hexane 2 mE % W ¢ Yo 42 F HTAS B
UTh. EolX hexane W8S F7|d WolA| hexanes FAHAIZ] F e Wi gle A4
e vighE 2 mlo] %1 F 0.2 m FE] o Fe}3iTt.

2) HPLC ¥4 : oj3}8 A8 10 plE F 8ol HPLCY FY&ith. HPLC =0&
UV Detector® 3% 282 mm, mobile phase AT SHF 3%, mobile phase B+

Acetonitrile 97%, reverse—phase A&H & YMC—Pack ODS—AM, X FU&HEE+= 1.8 ml

/minZ 3RS W, ergosterold] FIAE 26% HE Fof e
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Aol Ak gy}g%mﬂ)—% o gF SAHMSFEY T L ARF] F
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7S 2007 12€ 13¥RE 2008 1€ 23U7bA] 4247F A&t cH( g 2).

U FAME R AIEAEA
o] fAl=oll Wik AAHFAFE A @ gl i AlFS % 13 o] FANEHS
AF(5£0.2 kg) ¥ L= (20£1Y)°] H] =8 399 wFF(DurocxX YorkshirexXLandrace) 2] oA}
s & EAREY 7 =0 17 155 wjAtal 3Rk o m AE AAElaL, FERAS
2212 kg, 43 62£190) AlES FEIAL AFAN A= A1 A THA1IE 5A T+
Ay AlFolH Al Fabee] wartg s o] st AlFolHAl B2 o] &3 WEALE
A7 ZE o) FAHE S Al FALR (7] AR 1ol C(AiEolmAl 9kx] BEALEH A 0 %),
T FIHA 2] HFALEH7MA] 0.5 %) 2 T2(MEoIHA 9kx] BEALEH7EA] 1.0
%), T3(AFoIMAl 9] FALRH7IA 1.5%) FFo2 AgEE 242 Hrlste] 4247
wolaholth, SAa = digh AT A 2 asel did AFS F 29 Pol,
FTA7FEE 39 wE=(DurocX YorkshirexXLandrace)S ¢4 ZA}ste] 2 =xF o 2054
v X 5har, 39kE Alg S AASEa, ARG 8012 kg(128Y@)olA Al&talA A
6£1 kg(1704 %) 7HA Algatlth AlEF = A1 ATH(ALE 5AT AL A Fol
of WarkE7lsE ol e AFolAl EAA] 9 FHujAE o] &kl Al
AR H7IAE SARSEE AihFAE (71 2=ALE 2)dl C(A
L EALE A 0%), TL(ARE WA FAks daxts 37k 0.5%), T2(A
LEAE A 1.0%) 2 T3(AFoIHA FAbE LaAts 3174 1.5%)
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Fig. 2. Experimental field
(Left; incubator for growth, Middle; piglet, Right; growth—finish pig)



Table 1. Experimental design (piglet)

Items"’ C T1 T2 T3
No. of pigs/group 15 15 15 15
No. of plots 3 3 3 3
Total pigs 180
Feeding Period (days) 42

YC; basal diet, T1; basal diet + king oyster mushroom 0.5%, T2; basal diet + king
oyster mushroom 1.0%, T3; basal diet + king oyster mushroom 1.5%.

Table 2. Experimental design (Growth—Finish pig)

Ttems" C T1 T2 T3
No. of pigs/group 20 20 20 20
No. of plots 3 3 3 3
Total pigs 240
Feeding Period (days) 42

D C : basal diet, T1 : basal diet + oyster mushroom 0.5%, T2 : basal diet + oyster
mushroom 1.0%, T3 : basal diet + oyster mushroom 1.5%.
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2 Fosta, AT T1, T2 2L T3o= A7 AdE o]fAtE AR
E V2ARE ol &atgith. dvhuigiatgel] AFolm Al wA] LaAR A MAE W £F
ato], migAtge]l F2E EA 7] 8 v 22 2x BaTAS AR 1A o]
A= gt ATl Al AREs AlEolHAl 2] daALS H A A9, V&
AFE(A~D, 3 3, 4) 100 kgoll AfFoIHA X LHEAIREHZIAE 10 kes =352~
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1 s, 35CellA 2443 A=A A 4CoM AZHAsAT. A2Bds F2 HarAEs
712 bR H7FeEEE(C 0 AfFoIH A whA] RREALEAEA 0%, T1 @ AFolmA
FEAFRE AT 0.5%, T2 @ AFolmAl 92 BEALRH7HAl 1.0%, T3 : AFolwAl 944

==

= =
g5t FAAES Y. Aol mAl BAE BtaALE H A S] AFSHIHS oko] g
I o] 7|Z2AFR 100 kgoll AjFolHA #Hujx] HEAIRHIIAE 10 kes FFAA, 1%
g 75 o] &3t 38T A 24413 Ha Al §, 35Co|A 24A17F AZA|AH 4C K338}

AAT el o gtk 4Tl Ags] B AAARE 7 2AR AIFFEC Aol

&
A FAE G aAS HIEA 0%, T1 @ AFolHA FAHE SaAS -7k 0.5%, T2 : Al
SolMA FAE Wt ALE A IIA 1.0%, T3 @ AMEolMA HAE vrgAla A 714 1.5%)2
38t Ao ALE3F3l T



Table 3. Chemical compositon(%) of the experiment diets (piglet—Antibiotics)®’

Ingredients A(Phase 1, 21~41day) B(Phase II, 42~63day)
Corn 43.80 52.70
Wheat 8.00 5.00
Lactose 3.00 3.00
Wheat bran 3.00 3.00
Soy bean meal 10.00 20.00
HP 300 8.00 4.70
Fish meal 4.00 3.00
Whey powder 9.70 3.00
DWP 3.00 -
SB oil 3.00 2.00
CaCOs 1.00 1.20
MCP - 0.40
Salt 0.30 0.30
Synthetic amino acid 1.25 0.27
Choline 0.15 0.10
Zn0O 0.30 -
CuSO4 - 0.03
Vitamin premixl) 0.25 0.20
Mineral premixZ) 0.20 0.15
Organic acid 0.70 0.60
Enzyme 0.10 0.10
Essential oil 0.10 0.10
Sweetener 0.03 0.03
Mold inhibitor 0.10 0.10
Antioxidant 0.02 0.02

Total 120.98.00 100.00

Chemical composition
Dry matter 88.58 87.97
Crude protein 19.50 20.60
Crude fat 5.70 4.80
Crude fiber 2.00 2.40
Crude ash 4.90 4.70
Calcium 0.70 0.70
Total phosphous 0.60 0.60
Lysine 1.40 1.30
Lactose 12.00 5.00
ME (kcal/kg) 3,660 3,580

1)Supplied per kg diets :

Vitamin premix :

Vitamin. A. 6,000,000IU; vitamin Ds,

1,000,000IU; vitaomi E, 75,000IU; vitamin K, 1,000mg; vitamin By, 1,000mg; vitamin Bo,
2,500mg; vitamin Bg, 2,500mg; vitamin Bis, 20mg; Pantothenic acid, 1,500mg; Biotin, 100mg;
Niacin, 20,000mg; Foilc acid, 1,000mg
2)Supplied per kg diets : Co, 0,2mg; Cu, 25mg; I, 0.5mg; Mn, 30mg; Zn, 20mg; Se, 0.1mg; Fe, 50mg

3)Neomycin :

100ppm, Colistin : 40ppm.




Table 4. Chemical compositon(%) of the experiment diets (piglet — Antibiotics—Free)

Ingredients A(Phase 1, 21~41day) B(Phase II, 42~63day)
Corn
Wheat 43.80 52.70
Lactose 8.00 5.00
Wheat bran 3.00 3.00
Soy bean meal 3.00 3.00
HP 300 10.00 20.00
Fish meal 8.00 4.70
Whey powder 4.00 3.00
DWP 9.70 3.00
SB oil 3.00 2.00
CaCOs 3.00 1.20
MCP 1.00 0.40
Salt 0.30 0.30
Synthetic amino acid 1.25 0.27
Choline 0.15 0.10
Zn0O 0.30 0.03
CuSO4 0.25 0.20
Vitamin premixl) 0.20 0.15
Mineral premixZ) 0.70 0.60
Organic acid 0.10 0.10
Enzyme 0.10 0.10
Essential oil 0.03 0.03
Sweetener 0.10 0.10
Mold inhibitor 0.02 0.02
Antioxidant 120.98.00 100.00
Total
Chemical composition
Dry matter 88.58 87.97
Crude protein 19.50 20.60
Crude fat 5.70 4.80
Crude fiber 2.00 2.40
Crude ash 4.90 4.70
Calcium 0.70 0.70
Total phosphous 0.60 0.60
Lysine 1.40 1.30
Lactose 12.00 5.00
ME (kcal/kg) 3,660 3,580

1)Supplied per kg diets :

Vitamin premix :

Vitamin. A. 6,000,000IU; vitamin Ds,

1,000,000IU; vitaomi E, 75,000IU; vitamin K, 1,000mg; vitamin By, 1,000mg; vitamin Bo,
2,500mg; vitamin Bg, 2,500mg; vitamin Bis, 20mg; Pantothenic acid, 1,500mg; Biotin, 100mg;
Niacin, 20,000mg; Foilc acid, 1,000mg
2)Supplied per kg diets : Co, 0,2mg; Cu, 25mg; I, 0.5mg; Mn, 30mg; Zn, 20mg; Se, 0.1mg;

Fe, 50mg




Table 5. Chemical composition(%) of the experiment diets

Ingredients Grower Finisher
Corn 53.00 33.50
Wheat 9.50 30.00
Soybean meal 26.00 12.50
Wheat bran - 4.00
Rice bran - 1.00
Rapeseed meal - 3.00
Palm kernel meal - 2.00
Cotton seed meal - 3.00
Limestone 1.24 1.45
Tri calcium phas 0.82 0.60
Animal fat 5.10 4.20
Molasses 3.50 4.00
Salt 0.30 0.30
L—lysine HCI 0.20 0.20
DL —mathionine 0.04 -
Vitamin primix" 0.10 0.10
Mineral primix” 0.10 0.10
Phytase 0.10 0.05
Total 99.9.00 99.95.00
Chemical composition
ME (kcal/kg) 3,350 3,220
Crude protein 17.50 15.50
Lysine 1.05 0.87
Calcium 0.90 0.92
Total phosphous 0.50 0.50

1)Supplied per kg diets : Vitamin A, 4,000IU; Vitamin D, 3,800IU; Vitamin E, 1,500IU;
Vitamin K, 320mg; Vitamin Bi., 16mg; Thiamin, 8mg; Riboflavin, 2mg; Pantothenicacid, 11

mg; Niacin, 20mg; Biotin, 0.02mg.

2)Supplied per kg diets : Cu, 30mg; Fe,175mg; Zn, 100mg; Mn, 90mg; I, 0.3mg; Co, 0.5mg; Se, 0.2mg.
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) ARG AP FEY o AFHE ol fAbEel AFel Al dA EaAt s H kA
19 Aol Ao gRE MFAS 0.5% EDTAZF A
J4= Zoll AX3 3 3,000 rpmol A 1587 A= 3
& st Ay AFEsith. ZAM LS T8 2~EE(Total cholesterol, mg/dl),

2~H| = (High density lipoprotein cholesterol; HDL—C, mg/dl), A E == ~H =

o
i}
1
il
v}

>

Low density lipoprotein cholesterol; LDL—C, mg/dl), &2 (Total protein, g/dl), TA

A ¥ (Triglyceride, mg/dl), BUN(Blood urea nitrogen, mg/dl), IgG(mg/ml) & 75 43}
qom, IgG B oA FHES o83, FEF4LS  Immunoglobulin G
Kit(ECOS check No. P0303—1, Japan) by SRIDZ o] &3}t & A3 3utE =435}

AR s,

ol AAGEN
AR7IE & Fold ol fAbEAR(ZAAR MR 2 FRAAAR) 237 keF
b, M EALR Y ke wYh, AlFolmAl BAR WEARAMAY ked ©IL, AlFolH
A HAAE BEARAIIAZ A7bE AbRe] ke @bk AGAY 717 Foll Fel@ AR
AAF (k) 7 AR B7H(A/kg) A AR E ()9} ke SAD AR () E 242 F8haL, dix
T(OE 71E(100%) 22 &3S v zF Ael7-e] ZAS vlaskqltt

AL BAEN
Ag A dada W =R EX A do]H A AS/GLM(SAS,2003)& o]
o

3 S
g3t o, Az folAd AFE Dunkan Test® #4131t

k1



54 B4 4F%H Bt

7t Aol R RAES YEEE B

1) W& #4 @ pHe= pH—meter, 2 722, 29922 micro—kjeldahl
, ZAE soxhlet, Lelal 3L A4 3o r A

2) #7178 A AR 2 goll 44k 10 mlE 7}8he] hot plateol Al 2560~300TC = %
A A gl F wzkA] ZeiA T SRTE 7Hske] 50 mlE2 RbEaAL o gk of S
Alggdom ato] ICPE 2433t

3) 73 oAt A T FAobH Ak AR 5 gl 6 N-HCL 3 mlS 7hebal A

7haE 7RI XA F 110+£1TC2] heating blockol A 24A17F 7hR-83E th of 9}
(Whatman No. 6) 3} 3|12 &3 L7|2 725538k o] A4S pH 2.2 FA4F ¢
FTHo= F HFIE 10 m=E ®E the, membrane filter(0.2 mm) 2 sep—pak Cis
cartridgesel Ael2  FIAIZ tF ob At AEEA 71 (Amino acid analyzer 835,
Hitachi, Japan) =X E2X3} ) oju] Z-H & high resolution ZHS AFESIG L 24 2

L= 47C, 34 570 oA =A 39

>

Tr

. AgolHA RAES 7T £4

1) DPPHell Wi dapgols 54 @ dAeose FE= 1 nlel 1x(1/10,000)M
DPPH(1,1~diphenyl—2—picrylhydrazyl) ¢ 3 mlE 7}ate] 1027 1EE th, Aol A
303 WAl & 525 moll A FEFEE ST AAEolsS ARHT e R
g MELE YERTh

2) SOD FAIgA =4 1 =5 0.2 nld pH 8.5 FA3 tris—HCI buffer 3 ml ¢}
7.2 mM pyrogallol 0.2 mlE 7}3le] 25Co A 1087F W43 v} 1 N HCl 1 mlZ 9%
S AAANZ F 420 mol A FHEE SAson, SOD FAAE S A5 - e FH )
79 3% ZolE WEEE YERATH

3) Hydroxyl radical 2A&A 4 : Algd &) 1 mM FeSOJ/EDTAE Y, &5
0.2 ml® 7}k 0.1 M phosphate buffer(pH 7.4) 1.2 ml¢} 10 mM H,0.5 7}she] 377
Sl A 1A WA AT of7]el 2.8% TCA &< 1 nlE 7hato] vbg& AAA7]
% TBA(thiobarbituric acid)-&< 1 ml& 7}ate] thA] 100TC ] #8744 103 7HE
F F493ked 532 mollA FHEE SAFA T AF9 hydroxyl radical 274 % U

T FYE Aol

T

— _D‘ _1\]
R s

>,

()



of Aol ol Axtst At

OH 2A%(%) = [1-(As—Ao)/(Ac—Ao)] X 100

Assh Ac; 7 ARE A7 9T gxte] FYE
Ao 37Col N9l whol e Aok Edtele] FHE

vi_‘_
fericyanide® SFoz T3 F 50ColA 20837 WESAAUL lel 10%

7
trichloroacetic acidE 7}sted 5,000 rpmoll A 10E-7F YA EYA A A=A A}, A=
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2% S48 01 mM obEAEUESR &9 1 mldd FEE 1 s 7hst
3L, 0.1 N HCl ¥ 0.2 M citrate buffer® Z}Z} wk8-898 pH 2.5 % 4.002 ZA3 S
384 T 35 10 m=E a3lnt o] NS 37CelA 1A7F vhEA 7 $ ZF whg-of
1 mA HIS 29 AL ol 3 ml, Griess A2F(1% sulfanilic acid:1
naphthylamine=1:1) 0.4 ml& X}d & 7}ste] &3 o}, A4 1 7
520 moll A FFEE SAATE. HET = Griess A oF tal % S/HTE 7HeE o

obANY AT AR W7k AT AESHE obAAG] ALEEA e,

)

tlo

o AFFE A

Aol EAIE s Ad ATl A% &Sl ARG ARt WA 3

¢ F HAE = G 2078 3WHE 4702 Qo] Xt H|&EIATE g EE
AE ALge] AFolHA FAE TEaxsHAE 22 0(0), 0.5%(T1), 1.0%(T2)%

0
15%(T3)= H7bste] AR i 2 wojsiglon, =3 Al AM7IRE F Ade] AR
o WS F AlEo] 100~110 keo] fA=d o) Fsfste] 7} A2 gtrit} sulelE E531

% 4Y95EY @9 L £5 A4

AgBRe o AAE HPSE £F 19 A AHozRE ARt 0.5%
EDTAZ} A28 Al 2ol 2 Eeh 3
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fiju

27}

g ygste] T 2.5 ke subEledl disiA F 125 kg9 TAFS AAUTE o]
500 g¥ polyethylene filmo.2 FFEAsE & A A=z A 4T Ygilo w3

£3AF oapge] ghrE A8 AF 24 2 sto] 7} AelTui 1

=
o
)
ol
—
:

d, 54, 104, 15 B 200l A8E AF St AH7Ibel wE =2 B o3}k 54
= w48k
u. F F AF BEY E—/—“ﬂ
1) & A4 (total lipid) =4 : & A 2& 20 pl¢ A phospho—vanillin A]2FS
7bek 5 37CelA 153t widd § 93 FH/E HER §to] 540 molA FFES
Akl

|\

2) Z& Zd 2= =(total cholesterol)

4% FUzHES T FU2HE 5L
kitA] eF(AM 202k, Asan, Korea) &2 ZA3Ath EAaA S B &80
71 3 20 plo] ddo] 3 mel FEAAFS @i 37ColA 583t incubationdt ¥ 3 FH
7tE T o dto] 3 500 oA FFEE SASA AT TS xEAEA
o3 mg/dl= EAEFATH

3) T A H (triglyceride) 574 @ XY S4AY 548 kitA 2F(AM 157S—
Asan, Korea)o 2 ZA& . g3 20 plo] A3 aaAoF 3 nlE H7ksk & 37°C01]A1
103t incubationdt §~ % FH7ME 2 skl 34 550 mollA FF=E SA A
th @ FS A o mg/dlE FAISST

4) High density lipoprotein cholesterol(HDL—C) =% : HDL—cholesterol 32|
AL HDL-C 5748 kitA 2F(AM 203—k, Asan, Korea) &2 ZA3}3ith. &3 20 plo #
A1 0.2 mE 7hebar 2 T - A2olA 103 AAAIZ v 3,000 rpmoll A 10+
AR ZE 0.1 mlE Fetel aAAIeF 3 mlat F E£9eto] 37T A 5&3E
incubationdt ¥ 973 FH7ME 2 skl 34 500 ol A FFE=E S48 on, g
< 92 xdEAAC ol mg/dlz FAISHAH

5) Low density lipoprotein cholesterol(LDL—C) =7 : LDL—cholesterol &2 =
Ae 43 F FdzdE - (HDL-C+358A%/5)9 Aol o3 4t=shalth,

6) Very low density lipoprotein cholesterol(VLDL—C) =% : VLDL—cholesterol
Fol 54 84 F Fd2HE — (HDL-C+LDL-C)9] Ao 27 H A&E313l .

7) W73 A9 (atherogenic index, A9} AldAA3SE &R 4(cardiac risk

W

||\

N

ot



factor, CRF)¢ =A : W A3}x9=(atherogenic index, AN Ad#AAs X4
(cardiac risk factor, CRF)& th 2o we} AXsEs ).

Al = {(Total cholesterol) — (HDL — C)} / HDL — C
CRF = Total cholesterol / HDL — C

8) GOT(glutamic oxaloacetic transaminase) %  GPT(glutamic pyruvic
transaminase) A A : A9 GOT % GPT EAH:=+E GOT ¥ GPT 4%
kit(Asan, Korea)E AFE3ITEH =, 7129 1 nl& 37CAA 523 A48A17 & EH 20
s Hrbste]l £33k & GOTE 37CelA 604, GPTE 303+ WAIsH3Ith o 7]e] AA

oA 2087 g AI715L ThA] 0.4N NaOH €9S 10 mlA 7}et

+ S4=E FA3 GOT, GPT 4%+ %
T&HS o] &3te] A% REAFIHOZRY AHESiTh

9) AAL &4 @ A(lactate dehydrogenase, LDH)¢ &4 =4 : LDHY =AHE
LDH 5748 kitA]2F(AM 159—k, Asan, Korea) 22 743}l t}. 20 nle] Aol 3 mleo] &

AAleES Wi 37Co|A] 5%7F incubationdt & H FHNITE R o= sto] mhAF

el
525 mollX FHE=E SASAY. dF FFS A 1 nld Wroblewski unit® A5}

ZAE etherE ©]-&3F soxhlet FEHL
= 10 goll SFFE 7tete] #dste & HFT F9E 100 mE AT § o3std
pH—meter(Model 720, Thermo Orion, USA)® A3} ).

2) WeHA ¢ BeHI= 4 AldTE A (color), ©]F (off—flavor), %A
(tenderness), t5A (juiciness) % A Hb2 <l 7] & %= (overall acceptability)ol] W&l 7 H7}

= P3|

- A=
Moz sglon, WY e9e FAE 10¥oR TAHAT WPAE I FdEse
A% 19(U10) 8 AL AHgEtRon, AEE RE 497z e 2o A}

2.2k 3 (electric grill, CG—131M, Cuckoo, Korea)S 78] 170CE dd3t & dd=&S

Cl
YA gE 18 7R F AR AWE 280 ¥ R 7R AlRs A2 1R
WAL F 4x3 en® FEpA A Sl en, deks ApTlwR ARl A § BUEE 8t



& 543% o5 polypropylene
30%-7F 71 & Ao 3087 WA A AR F

AE 245tk oue] Adgae thg Aol elske] e

AlEel 7tE A % (g) — AR 7HE F T (g)
AR (%) = =< 100
Alge] 7HE A ()
4) 247 54 1 ARE 2 o T ZHolA mefow AH Wk vho) U

o2 ddste] SuUlF 2571 75CoA 10823 FAEES 7Fgdst & 5C o]s} Wxare
A 24417y YR 5 A 89 Fol(core) S A WHEEO +
1,000, USA)o 2 =439ttt olw Instron®] F7-& sample diameter: 2X2X2 cm, range:
2 kg, load cell: 50 kg, cross head speed: 100 mm/min 2 chart speed: 100 mm/min®] t}.

5) SA 9 A SA - S g Ao S WA S ANEE EEet
of Z}z} A 59 HebdHo] thsfA] Chromameter(Minolta Co. CR 301, Japan)ZE AF-g3}o]
TS A EE 53] WHESte W E(lightness)E YERNE L-3, A4 = (redness)& YEH]
= a— @3 FA T (yellowness)E YEHH = b—#2S SA3EST 9] FA L ko] 82.9,
agte] 0.921, bgte] 0.783% =M #E ol&3dte] ®wd A4S & F A

6) TBARS(Tiobarbituric acid reactive substances) =7 : A&d%5 5 gol butylated
hydroxyanisole(BHA) 50 pl¥ =< 15 mlS 7}8] homogenizerZ 4,000 rpmoll A 107+
AN F FEAN 1 mE A¥T Yxm or]e] 2 mle thiobarbituric
acid(TBA)/trichloroacetic acid(TCA) E&-& NS Hof ¢bds] 33 vb&, 90T &

Zoll Al 1583F 7FAA e & WZHAIA 3,000 rpmell Al 1087 A4l sl olu A5

é _l:,
b

n°*'

S 3423} spectrophotometer(Optizen 2120UV, Mecasys C. Ltd, Korea) & 531 mmol| 4]
FEEE SAstalon, of wj FEEE TBAgS. = FEABEAL,

TEP(1,1,3,3—hydroxycholesterol) EF=2d5 ©]&3 FF AFTA oJste] AFEshGiTh

7) AgAke]l A =59 AH P2 dAZe] MAES =Fe| chloroform
methanol(C:M=2:1, v/v)& NS 7}sle] 24A7F F5E50] o] & olsle] Ao AR HE
B2t o™, 14% BF;—MeOH 3 mlE 7}ste] v do ~e| 23} A|A F 63} o] 712w
vl & e 9] (Hewlett Packard 5890 I, USA)Z ®A13}3it},

8) Hlz=HE A ¢ FHaHES B2 vhe =5 5 g& ARt Ut %

O



F& A% Sa—cholestestan 1 mlE ¥ % chloroform : methanol(C:M=2:1, v/v) &8& 9]
g3l = AFAE FESFTY. AF FEEL T NaSO,0.2 g5A17 5 74d3te] &
WS AAST, 33% KOHENI ethanolS 6:949] H| &= =3l gHor Ast & =

F49 hexaneE Z+7F 2 mlA 2|2 7}k hexane&® S FHaj % 7

I ZrtE 183 (Hewlett Packard 5890 II, USA)E

BETI

Fol%

Al BAA
ZF A 33] o] WHEARS gt 4& HAIE SPSS 12.05 AbEste]l FA A
gatglon, Zzto] Age tisl] Hu+ EFAAE JERAT. 2 Alsate] oig
ARL BAEAS 3 & p <0.05 A Duncan's multiple testol] wa} #4135kt

Table 6. Condition of gas chromatography for analysis of fatty acid

Column

Column Temp.

Injecter Temp.
Detecter Temp.
Split ratio
Carrier gas
Flow

Chart speed

Parameter Conditions
Instrument Hewlett Packard 5890 II Gas chromatography
Detector Flame lonization Detector (FID)

Ultra 2 (Crosslinked 5% PH ME Siloxane)

25X0.32 mmx0.52 mm film thickness

5C/min

160C/1 min 190°C/1 min

10C/mi . .
10C/min 190C/1 min

220°C/1 min
270 C

300 C

100 : 1
Nitrogen
1.4 ml/min

0.5 cm/min

3°C/min




Table 7. Condition of gas chromatography for analysis of cholesterol

Parameter Conditions
Instrument Hewlett Packard 5890 series II GC
Detector Flame lonization Detector (FID)

Column

Injecter Temp.
Detecter Temp.
Split ratio
Carrier gas

Flow

Chart speed

SAC™ —5 Fused silica capillary column
30 mm><0.25 mmx0.25 m film thickness
280 C

300 C

100 : 1

Helium

6 ml/min

0.5 cm/min




A3d A 2L u1F

7154 RS dZ8N7 e S

7b Aol A RAAE S AR

Agoluale] itz Pabge] A4we A AI(E ), dEnt AU
Aolg wolA ¢ Aow UERTh AlFolmAe WY 1122 go] A on, PabE
o A, ==

WA S 3.77 g/v8, WA TA] 30.63 g/H, HMIA| 456.2 g/Heo] AAPE= A

ZALE AT 3F Bk ol FAAES WY 490.6 gol o, AlFolm Al Hatakel 436% =
A 4ui7E dE e ® et B 2AMENE Ve R sk wule] Ak FakEe] A
= ARk ¥R 9), MAISA] 2,918%F, A 9] 23,708+, FHlA] 353,099 % &= A FAF
o] TAANFE 379,726 02 4hEH o], Aol F-53 uete] el & wf, -

4 40T % AT @/3)
27 ol A 3 g
WAL A5 o ) A
2006 5 111.5 3.82 30.83 454.4
64 113.5 3.77 31.33 443.7
74 111.6 3.82 30.83 462.3
8¢ 114.1 3.64 29.77 462.9
9¢ 111.5 3.82 30.83 454 .4
104 111.2 3.67 31.02 467.1
114 111.8 3.86 28.66 464.3
124 112.9 3.72 30.27 448.9
20079 1€ 111.0 3.67 29.95 456.8
24 112.0 3.82 31.48 456.3
34 113.3 3.85 32.19 449.1
44 112.5 3.80 30.40 454.6
B 112.2 3.77 30.63 456.2

W 373 850 cr PPH



A7F WA W QAT ()
,‘_,Ti'_ =) /‘\l_ A=
’ A% o] B A s =
A R E LR
A = 86,843 379,725 2,918 23,708 353,099
Ao 30,294 132,462 1,018 8,270 123,174

. AfsolsR F P%é] BAAR 7HA
AMEolwA FabEo] AAAQl 7HxE #A% Ay ¥ 107 2o HAax9 A
9 TDN7F& A -&ste] 4b=gh A3, 7xdsg&o] wtolvx 60%2A 238 Hastes A
o2 yehgtsd, WAgXE A AAZE 100% AR FAE ] s WA AR A 2 A
TDN7Fg AE&sl7lol e FE7F 2 FabEe shveolmz o] ou7 wjg- wln|s}
oh 2y A9} e R 9] 7RG &S 1,600% o] doZA 168] o] IR E
et Qlow, HAA R FHS F 760 ol Subs A Folw Al FAkE o

AR A AARA AR WS w2 e Ao FH

ftfo

iy
_0|L
=)
N o

Tw 71E7k(Rke]) | TDNHE7F(Rkel) | 7HA 358 (%)
B Al 73] 1,459 584 260
o A 3] 285 4,742 1,664
7w A 4,237 70,620 1,667

gl 5,981 75,946 1,270(8 1)

o Aol FAES #3d4

Aol Al Faks T wAgA ] AldE AFAIAQ nBEA WMIE AR vH(E
1), A3 A7 A AEHA &ar, A7 0.43x10° cfu/ge] DEE AEHY
o F 123 T a127] 33wt HAEHAT o3 A= wA Ao AFg- WAz A

& E3Ho UA Fa ARIATE AT dAAR FAEEe] den, B S PES
A 7karel 48413 AFHA7] Lol el A= 7137t v

A2 AelAM 711 Aer debEn. fFolwHl Fakd T dAvA e A FAHL
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12, AFo)HA FAEQ] Al gx] o] AdE HAA A wAEY WS
AR A% (x10° cfu/g)
ZARA 7]
Z 73t Z Al 3t A
2006 5¢ 0 36.0 1.2
6% 2.8 26.8 2.8
74 6.8 46.8 10.8
8¢ 2.8 64.0 24.0
9¢ 5.2 26.8 22.6
104 4.0 20.0 10.8
119 1.2 20.0 4.0
129 0 37.2 2.8
2007 1€ 0 17.2 0
24 0 18.8 0
3¢ 0 20.0 0
49 0 28.0 0
3 1t 1.90 30.13 6.58
X 13 AlFolHA FAREQ Hujxle] AldE HAAQ nAEA W)
mAEe] Wr (X10° cfu/g)
ZAA 7]
ZA Z A+ ZubA ot
2006 5¢ 17.2 594.8 62.8
64 30.8 648.0 88.0
74 36.0 820.0 102.8
8 69.2 920.0 117.2
9 50.8 653.2 100.0
104 30.8 533.2 68.0
114 14.8 386.8 48.0
124 13.2 360.0 42.8
20074 1¢¥ 10.8 340.0 38.8
24 9.2 353.2 41.2
3¢ 12.0 406.8 42.8
44 14.8 493.2 49.2
g 25.8 542.4 66.8




AFolmalel AdA et AFelmAl Fike 35S FEAVER dugdEs 24T 2
I <

o Aol oz ¥ol =35 o}
CE ARED pHE A fAR oR BAE, oled it MATA A4
shel the ge 2 Riol EiEe] A Be w4 U(AT) PRoN Auso] e
AorA Az 2 Aolgel flvks A AAstn k. #ARH e AuA Y ST

o] Alm ol AAAS Aolo|A 7]e1E Aow Wtk WA FHA S} HujA Y Ay x4
Frerol AR A et wAl g el vl 2wl o] B ASR Yewed, ofs gl
gt A A ST g 2EE o] 7] Wil AoR AdHETE olF 4F 9] AR thol= AV
oF e Aol vhAagbe AolE Hola AT, T AlRolAM ] FHAIZE vk
T3 pHE #d8d FFES vAE FFo] ofd AoR A Ho] 3t
3E 14 FEAE AWM AR A o] dubdE B AR
(9 %)
FEA7IE dubdE 2 Abs
A H oqt
7be(104) | As14) =(4g) A5 (7Y)
F o 87.1 86.1 86.4 86.9 86.6
Zeh 3.4 3.7 3.2 3.5 3.5
A 0.6 0.3 0.4 0.6 0.5
3 & 0.9 0.6 0.7 0.8 0.8
a9 5.0 5.3 5.1 5.1 5.1
R 4.1 4.3 4.0 4.1 4.1
pH(1:5) 7.2 7.1 7.2 7.1 7.2




315, FEAIE Ao HAl gkl o] ARk E B A
(9 %)
FEAZE AWk R 2 e
qE 3 o
7H&(10€) | A1) E44) A5 (7Y)
T T 85.9 85.3 84.1 85.5 85.2
Zchu 3.4 3.8 3.7 3.6 3.6
A v 0.4 0.3 0.4 0.3 0.4
3] & 1.8 1.6 1.8 1.7 1.7
G 5.6 5.5 5.7 5.6 5.6
2 3.5 3.6 3.8 3.6 3.6
pH(1:5) 7.3 7.4 7.3 7.3 7.3
3E 160 FEAIZE A oA FA TR o] dubdt B A e
(9 %)
FEAZIE dibgd R 2 Ae
qE 3 o
7H&(10€) | A1) H(44) A5 (74Y)
Fow 79.4 74.6 76.1 77.2 76.8
Zehuy 3.8 3.8 3.6 3.7 3.7
A 0.5 0.4 0.4 0.5 0.5
3 & 1.5 1.8 1.7 1.6 1.7
A F 9.2 10.5 11.1 10.8 10.4
=4 6.1 8.0 6.2 7.6 7.0
pH(1:5) 6.8 7.0 6.9 6.9 6.9
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(9 %)
FEAZE AWk R 2 e
qw 3 o
7H&(10€) | A1) E44) A5 (7Y)
T T 70.2 72.2 69.9 70.4 70.7
Zchu 3.3 3.3 3.1 3.2 3.2
A 0.9 1.0 0.9 0.9 0.9
3] & 1.9 1.9 1.8 1.8 1.9
G 12.8 11.3 14.0 12.8 12.7
ESal 10.4 9.4 9.8 10.1 9.9
pH(1:5) 6.5 6.3 6.2 6.3 6.3
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ol WANW VeI o] G Aol Dojutm AAte] HastEo] Fu
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He #ARA G A FEARZ FEI 288 F LS ANSD Ak EFUA
=

AFolmilel s FdS S8 HZol =g = #AAE w4
=

rr

i

3 mangt wAe a9 AR 5~8%0] B3E Ao

o,

32

¥ 18, Aol AulE wiX A =2 o] sEHA

e} 1
o e | 2EE | 24 | 209
RN I B S I T R S s
¢ g/ (%) (%) (%) (%)
SRS 64.7 0.33 95.562 55.43 0.032 0.2 1,732.2
2 3B 12.2 0.22 92.8 53.83 0.30 1.9 179.4
o] A 11.0 0.37 86.2 50.0 1.84 11.5 27.2
4 7] & 12.0 0.31 89.8 52.09 2.17 13.6 24.0
™o A d 10.4 0.53 86.8 50.35 5.27 32.9 9.6
H| E 3 52 11.4 0.61 63.4 36.77 1.71 10.7 21.5
3= 10.5 0.54 84.1 48.78 2.60 16.3 18.8
Ve =R B8 S1.724
Pkl =2 4 46,25
AfEolH Al Au] Al AFEE I Q= wiX o] HUMAl S WSS F 199 #rth A
ol 66 goBA 7HE wol AMEE AL flow, ’Y& 36 g IHH 30 g WEHX 15 g

G0 M g I, WA 9 g0 RN /Y 47 ASEE AOR 2AH L

FE 19, Aol Al Aufg w1 o] HI7HA F7E AT H
g
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A7 7 W

zan | W 3 | wsE | WAy | mess
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AL8F(g) 30 66 36 9 15

el WatE AN Aibe ¥ 203 g b
A
A %

&2 WB olste] Zlo] f-rshrfar w9l



#sle] 7FRg 82.8%9 AMAre] WBRl F o=@ v 45Tl A 36417F A xg Feo] 7%
G Az Aor FgE

Az we FEg g Mg
Az

D 2441 7F 3641 7F 48417t
(C)

ARE(%) | A% [ AEE%) | A% | AR | A%
40 64.3 w 77.5 WB 81.3 WB
45 72.4 w 82.8 WB 87.4 WB
50 79.6 WB 86.1 WB 87.7 B
55 82.2 B 87.6 B 87.9 DB

Danal - W(white), WB(white—brown), B(brown), DB(dark—brown)

vl A gol A RAES AFA

Mol Al shx o A2 Ao AGd S AR AR 21), A9 A, 14
FHE A wskel olFHE W] Alztste] A2 5 FH-E FHEIi o, o]HAEE
1d 8 HHos Frbehs Ao veihth Ty AxAZ sA= A ol
B AAAY sl de gl A es gA= A2olM e AFol =7bed bt
RPEA] Az E ol BasiordE AlAbekal vt

% 21, AlFolHA Thx o] AAARQD A W)
Ao wE Ak 9 o)
T
19 24 39 49 54 6 74 8 9d
. A 1.0 1.0 1.0 1.3 3.3 3.7 5.3 5.7 6.3
3} -
o] 1.0 2.3 2.3 2.3 2.7 3.7 4.0 4.3 4.7
Az | A 0 0 0 0 0 0 0 0 0
g2 | o]F 0 0 0 0 0 0 0 0 0

DAgzA 25T e
AGAG 2 0~9(0 AlEAE Al A,
olFAAG 1 0~9(0 A=A Al WA,
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AL AZ23RZE Ad 2 AEFS

Ao MAl FAkES o] &3 WFEAIRHIIA AxTV|Es NEsty] fete] Alxg
thefet A3le] AaE EdE vEoX AlxdAdRs 19 58 Zrh AjFolwAl 52
Bl 99 v&S A 2012 28t B ¢ gAY Sucrose 105 H7F8h=
IQPATSE Thg, 37T W92 A
= Has AAste TaEAR
HA7HAE AEFednt. 12 WEE Bacillus sutilis BL—27FE 7128 1% S0z =
Foted, 37CelA 250 rpmO 2 24A13F &b B ES AJA, ko] 7t odA H7he
sucroseZ fructo—oligosaccharide®} levanes @A = A 3 b, 22 Fa s AA39]

o} 22 B E = Yeastd] Y91 Saccharomyces carisbergensis Saflager S—23
1LE 0.5g9 oz HFEste, dFLas AIANAFLRZA, 12 2
BL—2+0ll &3l sucroseZ2HH levans AT o FAH = glucoses =
%, 32 EE AAE v GARl 3AF HEe s dudd 9 4% 2E
Ak, Aol WAS 2t Lactobacillus plantarum KCTC3108 w52 714 v] 1%9

Foz HFare], 37C A 48AI7F TEAA, AlFolwAlo] g

wgo o8 AAXHE Ve S TN ATOEA Yisde]l AstE ARHIMAIE Alxst
© A g8, & A4S EdE ASowAl uA], wAEE, HeiA T 35 T
= SR FoA AEsE 9
2% EIFYAAE JWdate] AAES AFsion, BA=we v 2 (MushFig) 2
25 AAES AR X E o] &3 o] fFA=E Ve AIRAHVIA 152 1

(29 7, 9), dAFA S} AMAS o] &F FAHEFES Ve AHRH



214 wams2=21(g/9)

e e
1A St 2AF 2f & Faf B g
: : Sacchamomyces : :
Bacillus subtifis carlsbergensis Lactobacilius piénfarum
a83¢ BEF: 059/ a8

2R EA : 37C/250mmsAshrs

BE A 20C/480rs

SaFA : 37CAshrs

a9 5. AFelHA Fales o] &7 WRARHTIA AlxzeA =

29 6. AlEolH A BAES o] 83 AR F kA
E]

(F=HE A=A, A gA], sl A])
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2. Aol FAES TaIHEvIeNT

7t AAEH 23 E o] &% MgdA AET 53 2 pHESH
a9 102 Bacillus sutilis 8% & Y€ Lactobacillus plantarum ¥ F°] 45T +=

A A7 8AIE S92 samples 3] ste] A 2 pHE SHS 1Y ZE HAISHSIT

5

4
45 [\‘/‘_‘_‘*_t_‘\‘_‘_‘—__‘_‘_‘\‘_‘\‘\‘*_ﬂ

24 f

35

3
10.00

Cell growth(log CFU/ml)

400 |-
500 Lo —— Bacillus subtilis o
—m— saflager S-23
—a&— Lactobacillus plantarum
0.00

0 8 16 24 32 40 48 56 64 72 80 88 96 104 112 120 128 136 144
Time(hr)

=

29 100 250 ml AAgEEaa 2 o A4 W3t 2 pH W

bt

%7] pHE pH4.70 A A A=} oW Bacillus subtilis7} A= Heto:= pH 4.7S A%
A8}, Bacillus subtilis®] HZA pHSQ pH 7R} @St} Bacillus subtilis®] 7] B+
T 5.8%X10° Log cfu/m o™, Bacillus sutilis= W 27158 wF F85 Al 742 A
ol Aol whel Batae] ke Wstyh Ik o= pHoll F&el ofstAu e Aldel

WA\ %] ARl A8 R Bacillus subtilis7y ATEL Z7HF 9= Row Bl 1A

of do



ol

W AdASA ATt FA He ASR Wl Bacilus subtilis®] 57330 otxE g5k
=] otell EAfSHHA A FAHol yeld Aoz A7 Ho] Huh. Saccharomyces
carlshergensis Saflager S—239] A=A S W 27] A% ¥5E 6.4x10° Log cfu/ml &
Yetliglem, 7243 7k AE71E AZ § T2AHH 88AIZE A dig S5 e
W Az} F7kel7] A &8k 8.7x10° Log cfu/m S YJERAATE 1 F 96417 o] TR A
2 o2 7yAaste] HEAQ Saccharomyces carlsbergensis Saflager S—239 HZE&X%

7.5x107 Log cfu/mE YELNQ . Saccharomyces carlsbergensis Saflager S—23S ] kst

X

FIF

FIF

% Lactobacillus plantarume BESVHJ Y. Lactobacillus plantarum® %7] BAEF%E
6.9x10° Log cfu/mlQoW, Saccharomyces carlshergensis Saflager S—23} v}z 7FA] &2,
AlZko] Aol mhel AApH o7 F7ete] 8.6x10° cfu/mlZbx] 54 F @E7 FEHAC

U HEd ZEFTE o|&F vgAA Bds 53 % pH ¥

39 11 Bacillus subtilis & S F-¥ Lactobacillus plantarum ¥ %] ¢+s
AAMA BAIZE SR E samples 3]Fste] A 2 pHE SAT 2125 YeERATH
A GrbEAE flste] 20 L TEEs o]&dte] agEwS dohA] far A
= SAAE A3, AT Z271FE 3241 7HA = AFolHAl Bkl | m A= oS
tEFgt mAEFol WRAE O Bacilus subtidisire] AytaE 54 & b I 2y
40X B A FolB Al Akl | w A ERre] AAA A& golu pHOl AR et
o @A Bacillus subtilis®] single colonyE ¥Qlsle] 1 MA&E FAHE 4 Ah
Bacillus subtilis= 40A17to] 8.2x10° Log cfu/mlE fA18t W37t g, o= A=
g0 vkl et FdstAl yEhd Afolrt. pHO WstE AuRrw i AEQl 50
m 3250 ml AZEERAARUY %27 pHO g mARE HAH o shopxwA
Bacillus subtilis W] $ 40A|7H5-E pH 4.39] S FAIste] A&l nprx 2
FU3RF Y. Bacillus subtilis Bl F 48A)17F 3ol YeastQl Saccharomyces carlsbergensis
Saflager S—23% wWlatAth %7] 28l 6.6x10° Log cfu/ml oA 88417+ 744 M4 o=
S7behAA HAMEkl 9.74x10° Log cfu/m 7} AU azkZetsa v ol A9 npzkrhA)
2, #Aast7] AFeg e HEA o7 8.6x10° Log cfu/m S WA, Bacillus subtilis
HE F 96A1ZY Foll Lactobacillus plantarums % 3ttt 271 4% &= 6.7x10°
cfu/mdem, 16A17ke] Ak AJdol A Hapgor HFHoz 8.6x10° Log cfu/m IS &
et o HF pH 4.25 HEHSAT

1

rl
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2 400 (---— - —&— Bacillus subtilis R
(=]
5 —l— saflager S-23
8 200 - —a&— Lactobacillus plantarum

0.00 —o—o0—%

0 8 16 24 32 40 48 56 64 72 80 88 96 104 112 120 128 136 144
Time(hr)
a9 11, 20 L 2as g 59 Ads 2 pHe| W3}

AEolm A FA =l Bacillus subtilis®l ‘37l vA= &S dotrr] {8 AE
kel dtt. Aol B
A zZFde LB broth#l Al Adio] 23he ole ko] Ao Aot ntd A2 Bacillus
subtilis= W% Z715-H vl T8 AFH7EA AlZro] Aol whel Ao g WSt
At A AAS A A5 FA He Ao R Bol Bacillus subtilis®] 54391 of3xE
& @At wiA Srell EAEtEA A SHo] HEhd Aow A7 Ho| v AFd
50%N A% wz7HA 2 At e] gh& wste A skl AEFH 100%9 50% sEolA =

Bacillus subtilis®] 7o) o] Fo] A A &dA|gt 2= 2599 10% FEANAE 23]
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Bacillus subtilis®] 7¢I © kAo z o F7h7F o] Fojgds & 5 UATh

2 27d ZETE ol &F YN AET 54 &% pH W3
AR A oF Mt HA o8 20 L

2 A
BE Qo] WASYY] W] o] & mekste] 20 L BEEL Wdd 5 7 #FE 4F
=

i

=]
SR Y. 2% 12+ Bacillus subtilis 8% § HF¥ Lactobacillus plantarum vj%o] <

A 8AZE SR sampled sl AT % pHE FHF ol

>
2y

10.00
E 00 R ———
=]
5 \\
o
3 6.00 5
=
3 400
o
8 200

—— Control —=— 50% —&— 25% —— 10% ——100%
0.00 L | | | | | |
KO 8 16 24 32 40 48
Time (hr)
a9 12, 5N S Bacillus subtilis® cell growth

Bacillus subtilis WA A S Z7FA7]7] 9ste] gz AS HEE FArh A b
ok WA 2 A Levan A ®lXA|(yeast extract 0.25%, Na2HPO4 0.3%, NaH2P0O4 0.3%,
MgClI2 0.07%)°ll Bacillus subtilis?7} A-&<& 4&38] & F ==z AFo|HAl FAE >
M 10% S H7Vete] AVR8tA oW, Bacillus subtilis®) 20 &3] o]Fo] A F Yk
2Bl (150 rpm)S A SR wlg F 109 FEste] HE FES =] 6.9x10° Log
cfu/ml o] #4E YeEPATh T8 20 L FaTS AMEste] wld & o), deds B3}

of #Al SAe] d&dstA o]Fo A A shglon, 7| A dAeA KA



oA 7S wol7l flal Wik - 48A%kol A AJAOlX Saccharomyces
carlsbergensis Saflager S—23 =<3} 37 LB brotholl A w8l Bacillus subtilisES vl %3}
©] 7000 rpm 103t dAZdE AA § Ed 20 nlol AE F Saccharomyces
carlsbergensis Saflager S—23& HZEAld F7} wWl%¥stdch. A= = Bacillus subtilis=
8.7x10° cfu/m e} 7} H 1 om, 96A1Zkell 9.0x10° cfu/ml 74+ 7+ shdTh7h 7Haatr] Az
819t} Saccharomyces carlsbergensis Saflager S—23< 7.9%x10° cfu/ml ] 7] €] ol Al
9.1x10° cfu/ml7}x] Z7} & 744 391}, Lactobacillus plantarume 7.7<107 cfu/ml &2 A]

2k 5lo] 8.2x10° cfw/m7HA F7F 3 o] ghm(1¥ 13, 14) HUTh

3
10.0
9.0
z
E 80 -
3]
§ 0 ¥ - I
: 7 —e— Bacillus subtilis
%‘) —m— Saflager S-23
S o0 Lo ]
6.0 —a— Lactobacillus platarum
5.0
0 48 926 144

Time (hr)

5
o
=
iz}
4
(it

20 L dagolre] B 3 pH W3}



a2 14, wiE F(EHek g A

al, #j %Azt @E Sucrosed] FEZA
Hj QA Zbell & sucrose®] W3FES dolR 7] 95te] TLCESlE Fith. TLCES]
A3 27140 = XA E 2] sucrose(2¥ 15. C)9F k7] oligo@(2¥ 15. D)}
dRH(19 15, E)o] AZFH Ao viFAtte] Al wet sucrosed] ¥ Eo]EWA
fructose(Z2¥ 15. A)9} glucose(Z¥ 15. B)7F A& ACE sl T 724130 A3} = HA
sucroset™ &3] AXEE O] fructose®}t glucose’t S7Fs o] 7241 el Hogks 7HxH o,
o]Z fructose®} glucose?’} ¥A3d] AFEEI, 96A17F o]F o= sucrose, fructose %

glucose’} &3] AEHA &t k7] oligo@ 3 levanTte] AEH ST}

I - |

.i '2:::::‘::::::‘
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(S; sucrose, F; fructose, G; glucose, Time; 0~144 hr)



v}, B gAIZte] WE Glucosed] FEFH
2% 16+ v g wE Glucose WstES dolrR 7] 913 Sampled X754
FE 24A17F 912 1 ml A FHg & L4ARE (7000 rpm, 10 min)E 33t FS
AS 343 & 100w Al Glucose Assay kitES AFE3F A3te] g Zo)t}. glucose
WEtEES gobd A, wig $ 243744 glucose 18 g/L A HA O™ o] 5 7247k
=

22 g/L7AA AR § &3] FAaskr] Alzbete] 120413 o] $-ol= glucose’l &%~
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a2 16, kA gk WE Glucose W Es =4

AL AQgoli A daEALR ] AAAZAY
Aol LaAEs 4C A2(PFa) = 453 BAsHEA Bacillus
subtilis, Saccharomyces carlsbergensis 2 Lactobacillus plantarum® 73 1%l 23}
g AR A3, 19 1704 9F o] 37k o B B Foll 4o AT HolA &%k
thool= 2 AlFelA s AlEolHAl WaAtRTE 4T A2z A 4F o]} Hito]

Aedre Aren A,



] Bacillus subtilis
10.0 1 Saccharomyces carlsbergensis
B Lactobacillus plantarum

Cell growth (Log cfu/ml)

Time (weeks)

a9 17. HaALE Y] 4CH A T Bacillus subtilis, Saccharomyces carlsbergensis 2
Lactobacillus plantarum®| 73212l o= 3}

of. AFolu A Hujx 9 HEIIF7|e ALEAH
a9 189 YERA niel o] MANAE 10002 & B, wAH e F$ 50% A
S7F Aol mAle] A Bk AR AR S-S & ¢ A, AR A
oF 5% ALt Aol Ae] HAA As & AT HAwA O Fdd TS s
Wi dFEs F3o|7 AGd Aoz FAw o ASIMAIHES Phellinus baumiE 7 Z3s}
S A 2 w9} FEdk wiA R Uro] HEste] 25TCoA wddS
| & WA NN = Phellinus baumiZt 743 4 gl ot Ha gk Huf~|
1o AF7Hsd Ao = Yt olef o] datstA] &2 HiA A= ApekAl HshaL,

o
gk iAol A Agke e AFolHA AAA B Fol AdE Dol AT FEF
ol Bl 7|E = Aog FHHT
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w3 dujx o] FHE v] flste] Age dador 1% Hrbste] RddFe e
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WMAlET B WMEUEgan s JEete otk dAuixe] el wEte ergosterol
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Table 25. Effect of feeding King oyster mushroom on growth performance, feed

intake, feed conversion rate and feed efficiency in Piglet

Treatment "’ C T1 T2 T3
Growth performance
Initial body weight(kg) 5.66+0.50 | 5.45+0.37 | 5.524+0.26 | 5.39%0.26
Final body weight(kg) 20.154+0.81%| 21.35+0.65° | 23.47+0.48% | 22.71+0.76"
Body weight gain(kg) 14.4940.90| 15.8940.55° | 17.95+0.64% | 17.3240.85"
Daily weight gain(kg/day) | 0.34£0.02¢ | 0.3840.01° | 0.43%0.02* | 0.41£0.02°

Feed intake

Total feed intake(kg/head)

283.05+0.17¢

300.03+0.15°

295.12£0.25°

297.1440.28°

Daily feed intake(kg/day) | 0.45%0.00° | 0.48+0.00* | 0.4740.00" | 0.4740.00"
Feed conversion(feed/gain) 1.3140.08% | 1.26+0.05" | 1.1040.04% | 1.1540.06°
Feed efficiency(gain/feed) 0.77+0.05% | 0.7940.03° | 0.914+0.03* | 0.87£0.04"

Fall dead(head/45) 6 6 3 2

Fall dead percent(%) 13.33(86.67)[13.33(86.67)| 6.67(93.33) | 4.44(95.56)

UC; basal diet, T1; basal diet + king oyster mushroom 0.5%, T2; basal diet + king
oyster mushroom 1.0%, T3; basal diet + king oyster mushroom 1.5%.
a~d\leans in the same row with different superscripts differ significantly(P<0.05).
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MAIASS C, T1, T2 ¥ T3 A7} 247} 5.66, 5.45, 5.52 E 5.39 kgo 2 H]5=3 7|
TOE FYHA ol Holx &gttt FEAZTS C, T1, T2 2 T3 Ag+7F 7+z
20.15, 21.35, 23.47 2 22.71 kgo & A7} SolglE C A 77 7 9Al e o
T2 HAZF(FFAAA+AFIHA 32 BEAIEHZA 1.0%)7F 7HE =A dEE
(P<0.05). SAZF> C, T1, T2 2 T3 A&7k 2447t 14.49, 15.89, 17.95 & 17.32 kgO. =
A5 7ol ztelg KT, ATE FolA T2 A7 7B #A vEhd oA
2ol WTHP<0.05). 9BF5AZS C, T1, T2 2 T37F 2+2F 0.34, 0.38, 0.43 2 0.41 kg
o7 FAFI mpTHAR T2(F A+ FolH A o2 EALRHZHA 1.0%) A7}
74¢ = %dtH(P<0.05).

Fo7|17rEete] F AlRAHZES C, T1, T2 ¥ T3 Ag+7F zhzt 283.05, 300.03,
295.12 % 297.140 % T1(FFAA+AFoIMA 32 TaAEH7FA 0.5%) Agl+7F 71
A et (P<0.05). UAtE Tl = C, T1, T2 2 T3 A&+7F 242} 0.45, 0.48,
0.47 % 047 kgo & F ARAARY wR/HAE T1 A7t 7 A JErE
(P<0.05).

APRQTES C, T1, T2 % T3 A& 77F 242 1.31, 1.26, 1.10 % 1.15% A Al=2E
wolg C A7t 7h =ko ] (P<0.05), T2(F-FA A+ S0l WA uhx] T a A= H 7HA|
1.0%) A=77F 7H¢ wA YEFETH(P<0.05).

Atga g A= C, T1, T2 2 T37F 2b2F 0.77, 0.79, 0.91 2 0.87= T2 A 77t §¢
Ao b A YERSTHP<0.05).

offrA=e] g Ve AR ATHTH AAFR MABoA HAFFE HW,
=7 CollME 6vte]E ®wel whd T1, T2 2 T3+ Z47 #AAR<FE 6vtd, 3vkg, 2
npel 2 A C, T1, T2 2 T3 742} 13.33 %, 13.33 %, 6.67 % 2 4.44 %= thzx7-0l
Hla] AjgolMAl Fake & BEAIEE Fold Yt £ ARE B, L F
ME T37F A S 4.4 %= 7P @S A0S BT

olde] AR mFo] Ao glojA FAx
7 goe AAE A A T2 AT SAES
Blor, T2 AgTE AARe7&2 71 9@
1 H7F FFolet AlmETh

]
S



2) A A
ANGALE 717 Fol g3 AlsAdFAF Y alFALE ©@7H(1,040won/kg) 9F Al Eo]
WA o= g AR - 7EAI(3,0009/kg) 24 ALEH] 9 kg SAG ALERIE 22 Aebar,

Z27(C)= 71E=(100%) o2 skgle uf 2t Ae-o AHe vusgion, d Adrte 4

RS B3 Ay F 263 2}

Table 26. Effect of feeding King oyster mushroom on feed cost and economic analysis

of piglet
Treatment"’ C T1 T2 T3
Total feed intake(kg) 285.05 300.03 295.12 297.14
King oyster mushroom feed(kg) 0 0.125 0.250 0.375
Total feed cost(won) 294,372 312,406 307,674 310,150
King oyster mushroom feed cost(won) 0 375 750 1125
Total feed cost(won/kg) 340 342 344 348
Initial body weight(kg) 5.66 5.45 5.52 5.39
Final body weight(kg) 20.15 21.35 23.47 22.71
Body weight gain(kg) 14.49 15.90 17.95 17.32
Gain cost(won/kg) 20,315 19,648 17,140 17,907
Index(%,weight gain) 100 96.72 84.37 88.14

YC; basal diet, T1; basal diet + king oyster mushroom 0.5%, T2; basal diet + king

oyster mushroom 1.0%, T3; basal diet + king oyster mushroom 1.5%.

Agol WA T BEALE

283.05, 300.03, 307.674

T2CFGAAALE+A ol i A 4]

A7 A7 A7t
b Fojste] AALE wAg AR, F A}
2 297.04 kgol At}
T2 2 T3 A2 5t7F 2b2F 294,3724¢, 312,406%, 306,924 2 310,150
T7F Sl Al ThA] HEALE HTEA S HTFEe] 7HE weol M A JEbRth kgd A
St = BE A7 2ol 1,0409 0% YeRt SAZ
AP C, T1, T2 2 T3 HaF7F 22F 14.49 kg, 15.90 kg, 17.95 kg
WFEALS A A 1.0%) A8T7F 7F

==
T
=9

AA7IZE &

o

RS

Holgk &

o we

=i

& =Sk

dE ARE ol A=Al 424
= C TL, T2 2 T3 AgF+7} 2tz

Ab=RlES C, T1,
dollon, T2 A&

AlEH|O A F T
17.32 kgo.=
ot kg A

ALEHIE AFES A9 C, T, T2 9 T3 A2l+7F 717}F 20,3159, 19,6489, 17,140¢

17,9074

A4g A& AR g2z CF 100%2

o2 A Fol vla| 7t 7H =4 YERS T kg SAT AbE O] o gk AL
39S W, T1, T2 ¥ T3 AHg+7 42




96.72 %, 84.37 % 2
A2 oA 22t 3.28

YGALEH A 1.0%

88.14 % 2 WZET 100%°l B|3te] MEolAl kx| L gALRE A 7HA|
%, 15.63 % 2 11.86%2] At=Eu]7} A om, AdolHA Ix
A7l T2 Aol A] 7Hd e AAA 45 Ho] gz o]t

SAZFSAl digk AjFolHAl FHx] AR HVMAE HUbrTEE 3o A=
|1 & A A= 33 273 o

Z FHd 2= (Total cholesterol, mg/dl)2 C, T1, T2 % T3 A&7} 22 55.00 mg/
dl, 54.20 mg/dl, 54.00 mg/dl % 53.60 mg/dl o2 2o} A7kl F2 42 Aol& B
o] X & 3hTh.

HDL—cholesterol(High—density lipoprotein cholesterol, mg/dl)& C, T1, T2 ¥ T3 A g
T7F Z+7} 21.25 mg/dl, 21.80 mg/dl, 22.00 mg/dl % 22.40 mg/dl 2 thx=77} FolH o= 7}
& SEA UEaL(p<0.05), AfFolwAl ] EgALE R TEAIS] FH Tl
HDL—cholesterol®] @&Fo] Fojd o7 =7 Yelkow (p<0.05), AZTF FAAE T3 A
T7F FAACmE MY =4 UER

Erdhiane

Table 27. Effect of plasma biochemical composition in finishing pigs by added levels

King oyster mushroom by—prodect

Treatment” C T1 T2 T3
Total Cholesterol(mg/dl) | 55.00%£9.20 | 54.20+0.84 | 54.00%+1.41 | 53.60%0.55
HDL—cholesterol(mg/d1)?| 21.25+0.50" | 21.80+0.45" | 22.0040.35" | 22.40+0.55
LDL—cholesterol(mg/d1)” | 22.9140.96° | 18.47£0.60" | 18.44+0.13" |18.45% 0.53"
Total protein(g/dl) 4.88+0.33 | 4.8840.41 | 5.10£0.07 | 5.1240.33
Triglycerides(mg/dl) 75.00£0.82% | 75.60+0.55" | 72.64£0.85" | 72.44+0.52"
Albumin(mg/dl) 2.55+ 0.52 | 2.62+0.37 | 2.30%£0.07 | 2.92+0.25
BUN (mg/dl )" 19.20+0.84° | 20.46+0.65* | 17.9040.21¢ | 20.72+0.40°

UC; basal diet, T1; basal diet + king oyster mushroom 0.5%, T2, basal diet + king
oyster mushroom 1.0%, T3; basal diet + king oyster mushroom 1.5%.

"“Means in the same row with different superscripts differ significantly(P<0.05).
HDL—cholesterol; High—density lipoprotein cholesterol.

Y1LDL~—cholesterol; Low—density lipoprotein cholesterol.

YBUN; Blood urea nitrogen.



LDL—cholesterol(Low—density lipoprotein cholesterol, mg/dl )& thZF-of H]&l A|4o]H
A g2 Hg AR HTEA ] HIbeEe] SIS S vobxlal, C, T1, T2 B T3 A7t
z+7} 22.91 mg/dl, 18.47 mg/dl, 18.44 mg/dl ¥ 18.45 mg/dl= 277} Fod o=z 7M1 =
Al Wb e (P<0.05).

AgW Ao FHadHE Astaded o APATE B9, Kabir 52 AR 55
Zdo FFE Adv A ZEd 18y AF udY Nz anet tEol I
ZY~HE FEE 2AA7E 277 ke 9 on, Kim 5 TaWA, dxHA 2
“ERHA EEE TS HUME Aol2 ARE AFSE b, ddo F Y sHE vEE
AL SFaL, At oSt TEFetxsb aAS AHS Ao A FezHE B
FTRAAAE EFAT 3Tt Cheung 52 i FH=ElE 2olo] FwjAle] NA|uj|gd
of R B-glucans 1% FH7heh Aol2 273k AMSS uh, Ao T FH~HED

LDL—cholesterol =5 7AA7]aL, Ho g iy s T4 2HZY 4 F7isha whd
G5k s §leS Ho B-glucan®] FH|&HE Astads rolA] HMG-CoA

redectase®} #&o] 988 A A8t T Ebihara ¢l ¢std =84 AH4, B—glucano|t}t

B4 A4S ¥MsAA FezdHE S5 SETaL SSth
18] 31 LDL—cholesterol> dF ZH2HE9 T8 SHtgo=z &
55 FAANA sWAsE F2A7I= #AE&S @dHGordon T, 1981). ey
HDL—cholesterol §AFo] kZFel A& A5 o Fd2HES IF3tn Jeonz
sHAEe]  FezHEe] FAHE S WASA " a#EE A
HDL—-cholesterol®] &% & sht Add el thdk el @A dv(F &, 2002).
% Fdl="H =l g HDL-cholesterol®] Ml &2 thx7-¢ Blato] AjgolmAl x| &

ENBRAAE FAR AT s Frhsl0l 1 &S Eolt A} A Ao

L L
LDL—cholesterol &% % sWA3 X 4= =t Hlste] Aol Al kx| wgArla s
7HA & st A7t fol kA FAE o] LDL—cholesterol X} W ASIAFE W5

= &7 Q= Ao vl Bobek 5(1997), Oh 5(2004), Cheung 5(1996a), Cheung
=(1996b)9] B e} fA}atgiT)

% @A (Total protein, g/dl)& 277} 4.88 g/dl= YERa, T1, T2 ¥ T3 Az
T7b 247 4.88 g/dl, 5.10 g/dl 2 5.12 mg/dl o wlZTek AT kel fre Al 2ol



A AW (Triglycerides, mg/dl)& C, T1, T2 ¥ T3 A&7 22+ 75.00 mg/dl, 75.60
mg/dl, 72.64 mg/dl @ 72.44 mg/dle.®E ZF7} 7 =¢kow (P<0.05), AjEolHAl X
HEATHTIA O] HUbrEe] TS oo ® 9l YER o (P<0.05), AET F
M= T1 A&7k 7 #4th(P<0.05). o] AH A2 BAANA iAoz FQ
s, it AbRS] AF el oa FaelA FFHed, S Al aAEFToR AgEE
2 AFA & LA

BUN(Blood urea nitrogen, mg/dl)& A&7]59 X T2A NEZF7F 19.20 mg/dlo 2
o]H oz 7P Weka(P<0.05), T1, T2 2 T3 A& +7F 22k 20.46 mg/dl, 17.90 mg/dl 2
20.72 mg/dlo® A FZF T2 HF7F 74 @A JeEFETH(P<0.05).

71E0] AFAel ot AFoIMA S Abmel b Efste] Folels W A
9 ZHY2AHE X7} ZA3dn Rav 992 (Bobek 5, 1998; Cheung, 1998; Hossain
5, 2003), Bobek 5 (1991)> HE3F HA 2 I o] Fe2vlE 71 vy A bl Bargh
b el 2 HAdAe F FulzHEo]l FoA AolE HolA] Fof e AnE B
Atk

HAE dFoz g I Aol A BE FHA Fhe] oAt Hlth o|Ad dlx
Tk A gtzke] Aol o]zt i AL dwrH o Hxo 9 AT, AW, IS
A, FF 2 A4 E T AAAR Aot AM, 2= 2 SAHAALF T
A AR e 7AWl ot NG FAE MER F qdvke B
(Swenson &, 1995)eA ¢} 2ol ofe] 7k @Ql5e] HFAom Zgaqi7] fiEdl s
ZARHRE, 35 ¢ g At 2esita AlsE

FAZFEC AFolMAl A REAIRHIAE HUMEEE 399 W, 99 IgG
of WA= Axbe 3 289 Avh & A9 Av= ¢ T1 T2 % T3 Ae77F 247 11.99
mg/ml, 12.66 mg/ml, 12.49 mg/mL 12.42 mg/ml &= thx7ol Hla] =277} k7t HA et
ou folHQl 2ol Holx AUTH(P<0.05). o2 [g6e B MAERREH 4
o s FEAHoRE gAste FAE AFste A deARA, A, vloly

o dbslelar 31 tH(Butler, 1973). o] 213 1gGe

Ta% HAr®w IgG w9 7= A

oA
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ol tigk Aeles FUHAI7Ia AWl digh AFEe] wol A s ZoE Alw Hrh
2] SA Al A=l o]t X
5 ey Xfetd AV FRg SEA AR oldHT odH A= thAl A
S Ut & FFEORE FHFEo] FHTY] WSS A5 dvh(E, 1984). 85 &
& A AZIEEA FAAA e A 2 FAA gAE A g dvt
oo AT /A FAA L A Wetoew FhAl, &R, A o vigAAAH Ay
g B4 HIlo 9%k AgtEo] o]FojA il Yt (Waldroup &, 1982; Lindemanrt %,
1986; G M, 1986; = 5, 1994; ¥ 5 1994). & A ge] AE B AjFo|HAl s
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Table 28. Effect of feeding King oyster mushroom on IgG of pig

Treatment "’ C T1 T2 T3

IgG (mg/ml) 11.99£0.40 12.66£0.81 12.49+0.01 12.42£0.92

YC; basal diet, T1; basal diet + king oyster mushroom 0.5%, T2; basal diet + king
oyster mushroom 1.0%, T3; basal diet + king oyster mushroom 1.5%.

U SAHSFE A7 71548 AR &% ATH JR §9 =4 Mg

g4

B Aol o] &3 FAIZFES dEo] Hlzstal, ATl 8141 kg¥H = Al¥
A AFSE I 9= AWk A A (LYXD) 2405 1 =W & 2054 #jx|e & 3utid o
AA s o AFHAIEE 81+ T5 A AT
116+1 kg7kA= vl F7]ALE ] A Fo|WA FAbs WaALs 3 7k (A 2] < o v 2] &
o] g-o] AF3 UFAIRHIIANS A7 EHE C(0%), T1(0.5%), T2(1.0%), T3(1.5%)
7bete] E3HAlF 116+1 kgZhA Holstith. AFolmA FAE RFAIRHA/IAE FHol g
Aargdel Ans g F 299 2o

OPF

HU



Table 29. Effect of feeding King oyster mushroom on growth performance, feed

intake, feed conversion rate and feed efficiency in Pig

Treatment" C T1 T2 T3
Growth performance
Initial body weight(kg) 81.17%£0.75 | 81.00£0.63 | 81.50£0.84 | 81.83£0.75
Final body weight(kg) 116.40+0.55117.20+0.84%117.70+0.45%117.60+0.55°
Body weight gain(kg) 35.23+0.45 | 36.20%+0.45 | 36.20%+1.10 | 35.77+1.24
Daily weight gain(kg/day) 0.95+0.01 0.98%£0.03 0.98%£0.03 0.97+0.02

Feed intake
Total feed intake(kg/head)

103.7340.01%103.63+0.01°(100.00+0.02°/103.70+0.01°

Daily feed intake(kg/day) 2.80+0.04% | 2.80+0.07% | 2.70+0.12° | 2.80+0.05°
Feed conversion(feed/gain) 2.95+0.04% | 2.86+0.09% | 2.77£0.10" | 2.88+0.06™
Feed efficiency(gain/feed) 0.34£0.00" | 0.35+0.01% | 0.36+0.01% | 0.35£0.01%

Fall dead(head/60) 3 3 1 1
Fall dead percent(%) 5.00 5.00 1.67 1.67

YC; basal diet, T1; basal diet + king oyster mushroom 0.5%, T2, basal diet + king
oyster mushroom 1.0%, T3; basal diet + king oyster mushroom 1.5%.
““U\Means in the same row with different superscripts differ significantly(P<0.05).
MAA S C, T1, T2 2 T3 A7k 22k 81.17, 81.00, 81.50 3 81.83 kg =%
T(C)eF A 3te] Aol By FFe Hol ol Abel= HolA skt
FRATE C TL, T2 % T3 A2+7F 7b7F 116.40, 117.20, 117.70 %
dETRo AFolms RiE FE BEARE Fold AP we 4TS
(P<0.05), ATl Fo 4l Aol & molx| 2ok
< C, T1, T2 % T3 A&7k Z+7F 35.23, 36.20, 36.20 % 35.77 kg & o=
Fob Azl el FrelHel Aolg mold wgtm, YPFTAFE F AL vk
ok A ggtell o] 4]l Aol 7F 247} 0.95, 0.98,
0.98 2 0.97 kg & YElRTE
T A EAAZES C, T1, T2 2 T3 Ag+7F Z+2F 103.73, 103.63, 100.00
Hz=77F el er 7 A e aL(P<0.05), Azt #9124l

ol
ob

= .__-x-"

)

AU C, T1, T2 2 T3 Ay T

9 103.700.%2
z}o]l & H oA

ddrtgFolgol e C, T1, T2 ¥ T3 A7+t 2447 2.80, 2.80, 2.70% 2.80 kgl =
T2 A7k fFefHem 7 SA Uebstan(P<0.05), six79F ywA A= fo 2l



2ol & Kol A erokth.

AR QTFES C, T1, T2 2 T3 g7} 217} 2.95, 2.86, 2.77 2 2.88% 277} £
Aoz Mg A YEbear(P<0.05), T2 A2l77F Fo4 o= 7 vt o (P<0.05), 1
W %] A 2] o] Al zFol 7k fIAT

AtREEOA = C, T1, T2 2 T3 Ag++7F 2+2F 0.34, 0.35, 0.36, % 0.35% T2 A&
7F Ao ® THE #9kal(P<0.05), tiETet v A e tgbel] fre] ARl Afeol= HolA|
o 4t

S FEA g 71548 AR BT ATH AAFIR AdedA HAFSEE B
W, iz CollA= grte]E Bl wbd, T1, T2 % T3 A 474 HAxbrse 30t
g, 17k, 19k 2 HARES 242 5.00 %, 5.00 %, 1.67 % 2 1.67 %= 279 A g+
T1 HAFFF9F AAMES BSla, T2¢9F T3 A #JAMFS 1vkgl et A 1.67 %=
22 Ads B

Canibe®} Jensene &S A7|A @2 AlmHT BaA7 Als7t 24kt s Bol s

|
i dvha Baskglal, Kim 62 LEANRE F7kste] vlSEol Al Felstd Ak Ao

weEla], B ApoaE ez gz vE At =4 Jegon Alga
SO Rt ok, AT FellAE T2 A7t 7P wekon (P<0.05), AFRE S
B2tz 9HA vEtda d ATt geHe® m=A YEbETH(P<0.05). A2
Zo| A= T2 A7t Al aso]l 714 uA e 2o A4S nar)
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Table 30. Effect of feeding King oyster mushroom on carcass characteristics of pig

Treatment’ C T1 T2 T3
Live body weight(kg) 116.40% 0.55°|117.20% 0.84%117.70% 0.45%[117.60% 0.55°
Carcass weight(kg) 90.80% 0.45°(92.20+ 0.84%92.80+ 0.45%[88.60+ 0.89°
Dressing(%) 78.01% 0.41°|78.67% 0.56%|78.85+ 0.57%|75.34% 0.96"
Backfat thickness(mm) 24.40+ 0.55%24.20+ 0.84%|23.20+ 0.45"|25.00+ 0.71°
Carcass grade(A:B:C,%) 50 : 35 : 15|51 : 35 : 14|58 : 32 : 10|51 : 37 : 12
High carcass grade(A+B,%) 85 86 90 88

YC; basal diet, T1; basal diet + king oyster mushroom 0.5%, T2; basal diet + king
oyster mushroom 1.0%, T3; basal diet + king oyster mushroom 1.5%.
¥ “Means in the same row with different superscripts differ significantly(P<0.05).

Aol Al Babs BaALRHIIAIE Alxdte] HrbesEHE Fold 5§ EetdEd =
gt FsHAlT S A & A AsA AR A FAFAETWE E5FOR o
ot =53t

5% & AAT, 2ATE AS5E 2 2AT S AL, v 1 309 22 A
s AT

AATFS TaAlToz2M C, T1, T2 2 T3 A 77F 2+27F 116.40 kg, 117.20 kg,

117.70 kg 2 117.60 kg O = YJER} thx77F frolH o2 744 A e (P<0.05), A
275 e FoAl Aol HolA ekottt

EASEFE C, T, T2 % T3 A= T7F Z2F 90.80 ke, 92.20 kg, 92.80 kg R 88.60 kg
o2 Jeh} T3¢ Ha oA 980z 714 Sokan(P<0.05), T13 T2 X2 7F 42 4
o7 FA YeEstH(P<0.05).

AFEE C, T1, T2 2 T3 A&7} 2447 78.01 %, 78.67 %, 78.85 % 2 75.34 %o =
e T3 2a FolA §92 07 7h8 Yeka(P<0.05), 279 o2 a7k 9
Ap= BolA okt

SA FAE C, T1, T2 2 T3 Ag77F 2+2F 24.40 mm, 24.20 mn, 23.20 mm 2 25.00
T2 Ag77F 4oz 7h WA JebGa(P<0.05), tx

ToF e AYTE ol o2 AolE molx| P},
Tl v el A9 SEEAN &) C, T1, T2 2 T3 A2 +7F 247 85 %, 86



%, 90 % R 88 %= YEFRIL, Aol E T2 AF7F 71 A YEFRT
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=, 1.0%) A 71 A vehg BAlTHAAE 1.0% w77 £ A4S e
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kg ¥ 103.70 kgol™, 25 A AdwhudatE Fol S 103.73 kg, 103.11 kg, 99.00 kg 2
102.14 kgolaL, AEolWAl RS B gAEH kA Fo#S 0 kg, 0.518 kg, 1.000 kg =
1.556 kgo] %t}

T AtEd7eE C, T1, T2 2 T3 Ag+7F 242 51,865 €, 53,110 ¥, 52,500 ¥ #
55,740 € oo, aFolA% T3 Ae47F 7P H8kaL, dxTolA 7HE @A vebst
ol ol AlFolWAl FAbE LEANS HZEAIZE 3,000 H/kgoloA HIFEC] TR
T AtRT7E A4 dYERd Bl

SAF me AgHedA A FAFS C, T1, T2 ¥ T3 A7k 247 35.23 kg,
36.20 kg, 36.20 kg @ 35.77 kg® T13} T2 A7} 7P Esoh

kg AT AERES =3 Ay C, T1, T2 2 T3 AG+7F 47 1,4729, 1,4679,
1,450 21,5580 2 djx+ H3] T1% T2 A= A Yetwoy, T3 A+
=T Ee FA vebs



Table 31.

analysis of pig

Effect of feeding King oyster mushroom on feed cost and economic

Treatment” C T1 T2 T3
Feed intake(kg)
Total feed intake 103.73 103.63 100.00 103.70
Basal feed 103.73 103.11 99.00 102.14
King oyster mushroom feed 0.00 0.518 1.000 1.556
Feed cost(won/42day)
Total feed cost
) 51,865.00 53,110.00 | 52,500.00 55,740.00
King oyster mushroom feed
0.00 1,554.00 3,000.00 4,688.00
Concentrate cost
) 51,865.00 51,556.00 | 49,500.00 51,072.00
Daily total feed
1,234.88 1,264.52 1,250.00 1,327.14
cost(won/kg)
Income
Initial body weight(kg) 81.17 81.00 81.50 81.83
Final body weight(kg) 116.40 117.20 117.70 117.60
Body weight gain(kg) 35.23 36.20 36.20 35.77
Gain cost(won/kg) 1,472.18 1,467.13 1,450.28 1,558.29
Index(%, weight/gain) 100.00 99.66 98.51 105.85

Live body weight(kg)

116.40+ 0.55°

117.20+ 0.84°

117.70+ 0.45

117.60% 0.55°

Carcass weight(kg) 90.80%+ 0.45"(92.20% 0.84%92.80% 0.45°88.60+ 0.89°
Dressing(%) 78.01+ 0.41%|78.67+ 0.56%78.85+ 0.57°(75.34+ 0.96"
Backfat thickness(mm) 24.40+ 0.55%|24.20+ 0.84%23.20+ 0.45"/25.00+ 0.71°
Carcass grade(A:B:C,%) 50:35:15 51:35:14 58:32:10 51:37:12
High carcass grade(A+B,%) 85 86 90 88
Auction price”(A+B+Cwonhead)| 187,000 187,400 189,600 187,800
Auction index(%) 100.00 100.21 101.39 100.43

YC; basal diet, T1; basal diet + king oyster mushroom 0.5%, T2; basal diet + king
oyster mushroom 1.0%, T3; basal diet + king oyster mushroom 1.5%.
Pfeed cost; basal feed 500won/kg, king oyster mushroom cost 3,000won/kg.
¥ Auction price : A; 200,000won, B; 180,000won, C; 160,000won.
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kg SAF AtgH]o] o3 AAMAFE =S Ad= C T1, T2 2 T3 A7 2474
100%, 99.66%, 98.51% % 105.85%%2 thZ7 100%°] wlste] T13 T2 A+ 27z
0.34%, 1.49%= SA Yebwtar, T3 A= 7ol Hlal 5.85 % = et

TAGEHAY e ae uE=T 85%cl wlstel T1, T2 % T3 A7t 7217
86%, 90% B 88% = thxT-col Bls A Eo] & AAE BT Wb =453t
o wE AurtAS AEd A3, fxTE 187,000 Hske] T1, T2 2 T3 A&7}
747} 187,4009), 189,600 2 187,800 02 TRt} Ao vAl BAE WAL e 3 71A]
£ Holg AggEo] Azt 93 $=9]o] EA YElRTh

A, AAH o2 gz Tol vl AEolHAl Faks LaA s AE FA AT
7F Aata 7k (won)ol A B ARE B, T3 AT dzFRyg =2 Adadriet
AT 7 5 AMAFE BYlom, AT FolA T2 Ae77F 7 & AAA
Z Kol xjFolmAl FalE wFgALE A H e T2 AT 1.0 93 7F Folst

=

= o] wRA e Aow Ardy
Egael gg aulate] Adke]l WA ARNFE woIa Ja, EfUe] A3
3 FQo] et FEs ko] FEAAH] o] Aybol o] ALEw|o]

5 B Sqo) oFsm g Aol ARARY Adt ARe 4
S AZHE TRARE AU AL £82 ) 7R S e AR
o ol §F 4 g ok Mg FHHeR FA Aol R F Ak A
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BAEY SR
1) ge 24
AjEol WAl X (T1)9F WA A8 & F2kEQl A9 (T2), HWIA(T3) 2 A%
oAl Hx] WFEALEHIA(T4)e] kA RS B3 Ayle= 1 329 #Ah

Table 32. Proximate composition and pH of King oyster mushroom and its byproducts

Sample code®
T1 T2 T3 T4

Components

Moisture (%) 86.10+0.20”¢ | 73.20£0.30° | 64.60+0.30° | 89.3740.42¢
Crude protein (%) 1.7240.03° 0.84+0.02° 0.8240.02° 1.3340.02"
Crude lipid (%) 0.31£0.01° 0.3240.02° 0.4340.02" 0.31£0.02°
Ash (%) 0.6340.02° 1.6440.02° 1.85+0.04¢ 1.7340.03¢
Total sugar (%) 6.144£0.06" | 15.13+0.21° | 18.2340.15° 5.3340.12°
Crude fiber (%) 5.30£0.10" 9.4340.25° | 11.93+0.23% | 4.20£0.20°
pH 7.10+0.10° 7.4340.12° 7.4340.06" 6.4040.20°

Dy, Fruitbody defective, T2; mycelium debris, T3; used substrate, T4, fermented
mushroom byproduct

YEach value represents meantSD, n=3.

a~dMeans with different superscripts in the same row are significantly different at p<0.05.

=

T HA7HAN A 89.37+0.42% %2 7HE ESkal AlFoWA HA &
86.10+0.20% %0 2™, TA = 80% wIRto]ATh oA JFEES A FolHM Al TRA| ol A
1.7240.03% = 7V %%l th5o® AjFolMA A5 TaAlxd AR H7EA A
1.3320.02% v, A4S AFolWAl 9hx] Bl 1 FAbEel A B 0.5% HRkol At 3%
& Aol B Al A AlA 0.6340.02% A=A, 1 9] FAES] A9 1.64~1.85%2 B9
= AjFolwAl skl Bl oF 3w 7 vk FEe AlFolWAl g e} daEA s L
Aol A 2+2E 6.1440.06%, 5.33+0.12% %2 oA 3] (15.13+0.21%) <} FHI=] (18.23+0.15%) ] H]
3 frolAow vhe gHFoldnh. A= dmiAolA 11.93+£0.23% = 7Hd w%on, va
AP TEAIO] 7S 4.2020.20% % 7 Wb shEFoIlY). pHE AlEolWA x| 9 o A 1)
Ao A 7.10£0.10~7.43£0.129] HAZ S|, WEARHTFAI= 6.420.200.2 oFAF
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gl do] 15% A%, 3| ES 0.7%, T8 87.8%8a B, B Ay Adys o9
2

FAFSHATE Kim 5& AFoluAle] o8 Jrese @ A% 243 g
0

Ao Al B2 H a2 FARE] Fr1E ke vk Ay 1 339 dEd
upe} ol F 1059 Fr1dol AEHArh. 77149 F T2 3,696.1 mg/100 g2 Tra
APRHTEAON A 7H EokaL, v o2 AfEol WAl 312](2,252.8 mg/100 g), HHHIA(1,499.5
mg/100 g), A= (991.3 mg/100 g)¢] ol om, RE Algox Fr)de 248 K >
P > Na > Mg > Ca® £o =2 =/ Yewrh

Table 33. Mineral contents of King oyster mushroom and its byproducts

(mg/100 g)
Sample code”
T1 T2 T3 T4
Minerals

K 989.5+3.3% 445.2+0.2 677.9£0.2 1,969.1+2.2
Ca 45.2+1.2 19.5+0.3 26.6£0.1 109.5+3.2
Mg 158.4+0.3 21.6£0.1 54.4%0.1 246.4%+1.0
Na 239.94£0.3 39.9+0.1 69.610.1 431.3%1.1
Mn 18.6%0.1 1.440.0 1.240.2 24.4£0.1
Fe 29.810.1 3.910.1 10.8+0.1 45.940.1
Zn 6.810.1 1.940.0 1.7+0.2 12.8£0.1
Cu 5.4£0.0 1.310.1 1.51+0.1 8.1£0.0
Al 4.44+0.1 4.4%0.0 0.2%0.1 9.6£0.1

p 755.0£2.3 452.2+0.1 655.6+0.0 898.0+0.4
Total 2,252,8 991.3 1,499.5 3,696.1

DRefer to the comment in Table 32
YEach value represents mean®SD, n=3.
A Fo|A gpx| o] 7] A 25 S ASg J|FoF 289 mg/100 ¢ =R 7}
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ZH-2 2,000~3,000 mg/100 go] AThaL B ilx|o] 9 E3] AEolHA Tx= HaaAs
il T F71E o] 3.73w A S A=, L F Mg, Na, Mn % Fex 10~174)
AE, K % Cad 4~58 A% S7FE Ak whebs 77129 ghafo] whe AjFolH Al 114
£ o] &3] waEARAHTIAC Az Al FU1AY] A FRHE BStE Ho|BR Fe 7
SR EARY o & 7herde] o dETh

3) ofv|:=ske] T FA

Aol BA] B 2 FAbE S opn|ieihs A AR O 24 RS
349} 2} F 1759 ofnimAite] HAEE A=, Aol WA x| ol A 989.59 mg/100 g =
7H ko, W ALE M 7bA = 848.47 mg/100 g, HMIA| = 620.15 mg/100 g, v A 9]
396.87 mg/100 go. & AFHA}. HEH ofv| =4t T glutamic acid®] o] 71 &%+
o], $EALE M7= 142.94£11.03 mg/100 g, MEo]HA 32 105.24+4.68 mg/100 go]
FEol, =ete] B FaHA e opm it %i‘—*-?oil B3 Aol F 18F 9] ofw]iitol
AE e, S 53.37~120.15 mg/g(dry base) P o1, AEoHA T} 2L o] &ate

Al el A% olutamic acide] ko] 71 =& Aoz WuE o] ) Ajdo]wAl

oA BEAEHTAE A vlE] opn kel e Wkou} glutamic acid®] 7

=]

rr

WAl HlE oF 35.8% A% ¥ FFolArh. wek FA TR 9f vws] E u dgolel o}
Ut S oF 210 Ak ol AEolmA A REH REARFIIA Az



Table 34. Composition amino acid contents of King oyster mushroom and its

byproducts
(mg/100 g)
Sample code”
T1 T2 T3 T4

Amino acid

Aspartic acid 75.77+0.98% 34.194+2.69 47.47+2.12 68.37+3.58
Threonine 46.46+0.66 20.99£+1.76 29.13£1.76 35.22+3.26
Serine 55.08+1.71 24.84%+1.54 34.50+1.69 54.32£5.03
Glutamic acid 105.24+4.68 47.43+2.46 65.89+3.12 |142.94+11.03
Proline 31.14+0.79 14.05+0.94 19.51£0.99 22.36+£2.68
Glycine 54.62+0.39 24.68%+2.09 34.24+1.95 34.73+3.29
Alanine 54.51+1.74 24.63%2.26 34.17+1.88 41.56+1.18
Cystine 34.23+2.59 15.53£1.80 21.51+£2.41 29.97+4.27
Valine 13.99+1.86 6.29£0.62 8.7510.91 10.25%+1.42
Methionine 52.39%+1.45 23.62+1.44 32.81+1.34 41.17£4.40
Isoleucine 56.1712.44 25.30£1.70 35.15+1.08 35.48+2.78
Leucine 25.84%+1.29 11.69£1.28 16.20%+1.19 20.10£0.58
Tyrosine 98.13+1.76 24.36+4.18 61.53+3.98 74.46+5.34
Phenylalanine 82.73+4.99 37.19£1.29 51.72£0.98 80.58+8.83
Histidine 76.68+2.26 24.65+3.39 48.07£2.99 59.37£2.25
Lysine 52.52+4.94 13.86+3.05 33.04%4.21 51.34+7.46
Arginine 74.0515.06 23.53%+4.22 46.47+£2.47 46.23£3.26

Total 989.59 396.87 620.15 848.47

DRefer to the comment in Table 32
“Each value represents mean®SD, n=3.

. Aol FAES 754
1) AAsols

# 35= AFolAl wAe} O FAkES ek ¥ 22 FE35ko] DPPHe 3
AATod s A Aot AAFATS AR HIbs=7F Bobddl weh fo% o
2 F7rekslaL, AjEolm Al wA] aALR AT TP sigler, sulx]e] A
7 skt duiA o] A olse FEE el mE FoArE glloy, 19 AlRedA
= HEgeFEend eFEads fFodeR =9kt 53 10 mg/nl H7F Al WEEFE
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Table 35. DPPH radical scavenging ability of methanol and water extracts from King

oyster mushroom and its byproducts

Scavenging ability (%)

Sample Concentration (mg/ml)
Solvent D
code 1 2.5 5 10
T1 9.10£0.26%°*| 15.7740.96 | 34.30£0.90° | 56.06%0.23%
Methanol T2 3.03+0.21"* | 8.8740.15" 22.7710.65? 40.47+1.42"°
T3 1.40£0.10** | 5.20+0.36*" | 13.334£0.51*° | 21.50£0.95%
T4 15.1040.56" | 30.3340.65" | 48.1740.91 | 64.07+0.23"
T1 20.40+1.87°" | 22.4340.86" | 37.73%£0.90" | 65.0740.98%
Water T2 21.4740.81%" | 33.37+0.38" 40.5011.48‘*: 53.03+1.76"°
T3 1.434£0.21** | 5.27£0.21%" | 13.374£0.72°° | 21.53%1.05"
T4 33.47+1.05™ | 39.70£1.86%" | 50.73+1.99% | 76.27+1.46°"

DRefer to the comment in Table 32

YEach value represents meantSD, n=3.

4 EMeans with different superscripts in the same column are significantly different at p<0.05.
A"DMeans with different superscript in the same row are significantly different at p<0.05.

2) Superoxide dismutase(SOD) A4
A FolH A gkx]ef 1 FAHES] Weks U
2ol AR HIbsLE7} ZoldaE Sk

7
e Ao SaAsTHAlA &) 7HE Eokal, dEo s AFolHAl
A

¢hol 2

A, dAA], HujA o] sl vk BaArR A7 F - 2.5 mg/ml H7F Al 50% ]3]
gAol AeH, FE&ud wWE Fofxke AUt AFeHAl A= HEgEFEE]
5 10 mg/ml H7F A, EFEFEC AFole 5 mg/ml H7F A 50% oo &do] 14
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Table 36. SOD-like activity of methanol and water extracts from King oyster

mushroom and its byproducts
Scavenging ability (%)
Sample Concentration (mg/ml)
Solvent 1
code 1 2.5 5 10
T1 25.37+0.74P% | 36.1342.77"® | 46.10+1.22° | 55.50+3.65%"
Vethanol T2 19.5342.12°* | 29.004+2.20°® | 43.374+2.76° | 50.57+1.27P
ethano .
T3 7.90+£0.17*% | 14.90+£1.11%® | 30.13+2.34% | 37.53+2.94%
T4 45.07+1.80™ | 51.77£3.61™ | 55.10+2.81°" | 60.43+2.61%C
T1 28.93+3.06%" | 43.27+£2.10°" | 53.27+2.85%¢ | 60.37+2.12%P
Wat T2 22.27+£1.29°* | 36.20+2.09% | 50.504£2.78% | 54.47+2.48
ater
T3 13.40+0.98"* | 22.03+0.81°% | 37.23+1.90°° | 44.73+2.92"°
T4 49.37+2.14% | 53.10£2.86™P | 58.07+£1.86™® | 65.23+3.70°¢

DURefer to the comment in Table 32

“Each value represents meantSD, n=3.

" Means with different superscripts in the same column are significantly different at p<0.05.
A“D)Means with different superscript in the same row are significantly different at p<0.05.

3) Hydroxyl radical &A%
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ARE=Y, EFEEANAE 1 mg/ml H7}
A go)lH A 1+x]2] hydroxyl radical &7%©]
A A58 Holwth, mEu sl AAAst #AA ) et

sl el FH Gas BAS AGWHL AUH, i olgle] A Belel 3
o® FAH v 9t} Liu & WA 93 F FEEY free radical 2AEXHE SAH3 A3}
T-EWA FAA Ol A 54.1%2] hydroxyl radical 271% ] L Bkl

Table 37. The scavenging of hydroxyl radical in methanol and water extracts from

King oyster mushroom and its byproducts
Scavenging ability (%)

Sample Concentration (mg/ml)
Solvent D
code 1 2.5 5 10
T1 53.73+£2.007" | 55.63+1.86"% | 57.73+1.01""° | 60.5040.89"
T2 59.274+1.07°* | 52.83+2.91"% | 56.40+1.04"® | 58.40+2.31""
Methanol aA aB aC aD
T3 36.50%1.30 40.73+2.04 47.27+1.97 51.2640.91
T4 62.30£1.92% | 64.30£0.79* | 65.70£3.09% | 70.27+0.81%"
T1 66.00+£1.51% | 67.474+3.26*P | 68.97+1.08%% | 71.03+2.11%
T2 62.77+1.18% | 65.30+3.44*® | 68.07+1.86" | 69.40+2.23%
Water bA bB C D
T3 53.474+1.85 56.53%+1.67 61.33+£1.15 64.234+1.21
T4 72.37+£2.10™ | 73.80+1.93%8 | 74.86+2.22%F | 78.17+3.18°F

URefer to the comment in Table 32
“Each value represents meantSD, n=3.
“\Means with different superscripts in the same column are significantly different at p<<0.05.
A“D)Means with different superscript in the same row are significantly different at p<0.05.

4) 3+ 4
Aol shAsh 1 PR FAMA, AulA 2 ASelHA A YFAL
A7) e BFERS olgsle] HANS wwF A E 383 2ok ARe] W7t

=FEEolA 2.2240.030.2 7MY Seklon, M FEEo s 1.9910.100 %2 F&8
o Fholl e o] A1 Afol7b Advh. whHol A x| HujA] Fholl= A8 HIbsRE B
FEEel Aolol wE oAb gl WA ALA F=E= el A8k flavonoids
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Table 38. Reducing power of methanol and water extracts from King oyster

mushroom nd its byproducts

(O.D.; 700 mm)
Sample Concentration (mg/ml)
Solvent D
code 1 2.5 5 10
T1 0.26+0.087" | 0.56+0.03®® | 0.80+0.10° | 1.4440.22°
Methanol T2 0.11+£0.03* 0.19+0.02%8 0.3940.02% 0.6840.04%
ethano .
T3 0.10£0.04** | 0.2240.03™" | 0.41£0.03* | 0.69%0.04*
T4 0.31£0.07"* | 0.70+0.03"® | 1.1940.04% | 1.99+0.10%
T1 0.29+0.02°* | 0.57£0.07" | 0.9240.05° | 1.57+0.07°
Wat T2 0.12+0.04* | 0.21£0.02®°® | 0.4340.02% 0.8940.02°°
ater .
T3 0.1240.01** | 0.2840.03*®® | 0.43%£0.04* | 0.75+0.04™"
T4 0.36+0.02* | 0.78+0.06°® | 1.33+£0.10°° | 2.22+0.03"

YURefer to the comment in Table 32

YEach value represents meantSD, n=3.

" ®Means with different superscripts in the same column are significantly different at p<0.05.
A“D)Means with different superscript in the same row are significantly different at p<0.05.

Aes S7HEReH, WeSFEEdAE 42, 2.97%2.18%, EBFEEAA=
57.66+1.80~81.07+0.81%% RE A8A =F=20°] WesFEE) vl Fol¥ o= =
QFth, 3] wEe 225 10 mg/ml Wb 9S A MEAFE A b4 72.9742.18%, A4 o v
A A= 69.8012.25%, #AIFAE 61.03+£1.85%, HHiA = 52.20+£0.95% 2 Aol Al 1}
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2 BFAZHIMA AN A FH oz ol A AAT] EULh TEAAIRH A WEEFE
o] b AT wAgA v Algo] H7bs el whek °oF 19.1~23.8% A=
SHAT. pH 4.0 7oA opde] 2SS FE 403 Zo] HRSFEE B¢
15.63+1.45~54.274£2.69%, EFZE M= 29.27+0.86~61.63£1.50% 2 SFZE 5ol opdak
9 2%l %71 sont, A A AT RS etk 10 ne/ul
A7F Al AfEolH Al T2 Bl T FARE Y] oA AAT S FY ARl Apol2 kg ool A
7V =ath AEolmAle] ofdaltd AATE FHd, FEEEE vlag A Bl
M T84 FEEAA 2ATe] o, 1% EFFE9 45 pH 1.29 A= oF
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WSS A4 pH EHGIA A DojubAuk, obd WS AAE A pH AN EAH
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nitrosamine®] 23 ¢ WA e =55 F A

HENT o §F A

Table 39. Nitrite scavenging effect of methanol and water extracts from King oyster

mushroom and its byproducts in reaction system of pH 2.5

(%)

Solvent Sample Concentration (mg/ml)
olven

code" 1 2.5 5 10

T1 56.00£3.48V4 59.90+1.25* [65.10+1.61°%"| 69.80+2.25
Methanol T2 49.2040.89" | 53.07£1.69"® | 57.10+2.18"° | 61.03+1.85"
ethano N .

T3 42.93+1.71% | 46.53+1.86™ | 48.93+2.60% | 52.20+0.95%

T4 60.93+£1.27% | 63.20£1.15* | 69.07+0.51% | 72.97+2.18%

T1 60.90+1.18% | 63.17+1.10%* | 67.03£2.85%% | 72.77+1.40%
Wat T2 59.27+1.69°" | 60.13+£1.93%*" | 63.23+1.97°% | 70.27+1.80°

ater . N
T3 57.66+£1.80° | 60.15+£1.95*" | 61.40+3.58*" | 63.13+1.17™
T4 69.15+1.23%" | 73.00+2.49"® | 76.33£1.17 | 81.07+0.81°"

URefer to the comment in Table 32

YEach value represents mean®SD, n=3.

aI\Means with different superscripts in the same column are significantly different at p<0.05.
A"DMeans with different superscript in the same row are significantly different at p<0.05.
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Table 40. Nitrite scavenging effect of methanol and water extracts from King oyster

mushroom and its byproducts in reaction system of pH 4.0

(%)
Sample Concentration (mg/ml)
Solvent D
code 1 2.5 5 10
T1 26.33£1.727" 35.00+2.26 | 40.70£1.23° | 45.83+1.40
Methanol T2 24.83+2.02" | 30.60+1.45" | 36.63+1.03" | 42.23+2.19"°
ethano .
T3 15.63+£1.45" | 20.904+1.40%® | 24.4741.46% | 29.334+1.59®
T4 36.40+1.97% | 42.73+£2.25% | 48.40+1.95%C | 54.27+2.69°"
T1 38.20+1.70% | 45.40+0.85%® | 50.20+2.74°C | 54.57+1.007
Wat T2 36.93+1.35% | 41.73+3.27%® | 46.83+2.52% | 51.50+0.98%
ater
T3 29.2740.86° | 33.67+2.25"" | 36.60+1.45"° | 40.70+0.70"°
T4 46.60+1.57% | 51.97+2.89°% | 56.70+£1.10° | 61.63+1.50%°

DURefer to the comment in Table 32

YEach value represents meantSD, n=3.

" #Means with different superscripts in the same column are significantly different at p<0.05.
A"D)Means with different superscript in the same row are significantly different at p<0.05.

% AgolHi RAE TAAEAZIAY AR AZFEA wWE AR ¥R AHE
=]

Ao AL Al AlFolmAl Fats B EALEH /A (FA A 9 Huj A E o] &3}

Azg LEARATIAD S FEE 0, 0.5, 5%% de|ste] Alme T3 Fola &

1.
N§ Avbe oew 2o,

1) A4, 2FU2HE 2 SAAY g
fx o] BHL7I7F F ASolH Al FalE WHEARHIMAE 0%(C), 0.5%(T1),
1.0%(T2) ¥ 1.5%(T3)E #H7F gog 5, =x9] dHoziy FAA FTZd=dHE ¢

2 41 YERAT FA AL 2ol A 306.22+18.27 mg/dlo]
Habe B F AR H7MA 0.5% H7Holl A= 303.96+4.60 mg/dl & o) =+
oFrth WA 1% 2 1.5% H7F-oll A= 277.09+£10.77 mg/dl,
4 mg/dl 2 thxF-o] Bla) Fo]How FHAEQH

TEUAHER FAE F
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Fo T HgoR 1% F 1.5% FA7F A 27 86.17+4.50 mg/dl, 84.47+3.30 mg/dl = oj
.82+2.16 mg/dle] ®&] FefH oz AAFAY. dF TAAY] dHE viAsR =
A BAE BFAEHAIAC 1% B 1.5% H7F ol A th27(49.73+£0.47 mg/dl) ol

Table 41. Concentration of total lipids, total cholesterol and triglyceride in serum of

pigs fed with the fermented King oyster mushroom byproducts liquid

(mg/dl)
Treatment "’ Total lipids Total cholesterol Triglyceride
C 306.22+18.27° 94.82+2.16" 49.73+0.47%
Tl 303.96+4.60" 94.27+4.11% 47.70+1.42°8
T2 277.09+10.77% 86.17+4.50" 47.42+0.87"
T3 266.87+15.34" 84.47+3.30" 45.83+1.57"

YC (Control): supplied with commercial diet,

T1: supplied with addition of 0.5% fermented King oyster mushroom byproduct liquid.
T2: supplied with addition of 1.0% fermented King oyster mushroom byproduct liquid.
T3: supplied with addition of 1.5% fermented King oyster mushroom byproduct liquid.
A~BMeans with different superscripts in the same column are significantly different at p<0.05.

2) HDL—, LDL—, VLDL-Fd e & %F

VLDL =
2 BE AFolA 25.3540.70~25.8140.99 mg/dle] MY E AFolH A Hats wF
ZHAlS] elel wE folAdl zelrh gtk LDL-Zdl2EEe] 2 dixTellA
59.52+1.96 mg/dlglom, AlEolMA FHALE Btg Al d Ao Folgke] Z719 el whet 7+
¥ Aol 0.5% B 1% H7brolA= vz ek HuE Aozt glolev, 1.5%
A7brel A=tz 2 ofel Aelg-eb oAl Afol= FaFH Y. VLDL—Z 8l & H =9
FF2 =7 2 Ao oA $EE A g

ﬂl}ﬂ
7
i)
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Table 42. Concentration of HDL—, LDL— and VLDL-—cholesterol in serum of pigs fed

with the fermented King oyster mushroom byproducts liquid

(mg/dl)
Treatment" HDL-C LDL-C VLDL-C
C 25.36+0.60" 59.52+1.96% 9.95+0.09"
T1 25.35+0.70% 59.38+3.71%4 9.54+0.28"
T2 25.65+0.58" 51.034+4.95% 9.4840.17*
T3 25.8140.99* 49.43+3.94" 9.17+0.31%

YURefer to the comment in Table 41
A"BMeans with different superscripts in the same column are significantly different at p<<0.05.

Aeet AEAAS A= 5 T FU2EE 2 HDL-ZH = E9 v&o o3 4t
Zetelon, 1 A 3E 439 dERA vhek 2k A A (ADE 2T 2 AlFolH
A BAE AFAIRHA 0.5%2 1% H7Fol A 2.74+0.10~2.36+0.222] W= AjEo]n
A EAE BEAEHIMAY] Fode wE fozabrh fleu, 1.5% HIb A=

2.27£0.21% 7 R ofgt ATl vl FoHd AaE B3l Addd A PGA e

(CRF)= FxdlzeEcl e HDL-Zel&HEe] HEs Yebdo=n Addadde 9
s FA40 = 5 e, FAV Feas Adudd PHEe] W2 Ao AN
o 2 AR A Aol FakE waAts AT FoHA & dxTedA s
3.

7440109 =0, 1.5%2] AMEolvAl ikl g A g A 71A e Foli= 3.2840.218 Ho} ¢}
o
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Table 43. Level of Al and CRF in serum of pigs fed with the fermented King oyster
mushroom byproducts liquid

Treatment”’ AIY CRF?
C 2.74+0.10* 3.744+0.10*
T1 2.72+40.06" 3.72+0.06"
T2 2.36+0.22% 3.36+0.22%
T3 2.27+0.21° 3.28+0.21"

YRefer to the comment in Table 41
? Atherogenic index(AI) = (Total cholesterol—HDL—cholesterol)/HDL—cholesterol
YCardiac risk factor(CRF) = Total cholesterol/HDL—cholesterol

4) GOT, GPT % LDH &4 54

AFolm A FAkw LEAIRHIMAIE wREE 44 FJolgk HAe] dF
GOT(glutamic oxaloacetic transaminase), GPT(glutamic pyruvic transaminase) %
LDH(lactate dehydrogenase) @4 =43 A3+ X 449 Lt} €5 GOT EAHEE
27014 192.67£1.15 unit/ml A=, AFoIm A Fibs TIARHIIA Y] FoA%S S7F
NA5=E G2 ow 7+aErt GPT A EE gz
3]

ZFRoll A 105.67£1.15 unit/ml = o] 27F gLl o

F-oll A 110.3342.52 unit/ml, 0.5% 3
1% ©1% H7F Al oA FAE B
%t LDH €4 %+ 7 2 0.5% FH7bollA 1218.43+22.64 unit/ml, 1163.51£24.
unit/m o™, 1% o] H7F Al 1122.27+18.73~1116.46+52.25 unit/ml ¢ & Aol HAl
BAE B gAL R A B e 0.5% WUl vlE freldow aE

L

Table 44. GOT, GPT and LDH activities in serum of pigs fed with the fermented
King oyster mushroom byproducts liquid

GOT GPT LDH
Treatmentl)
(Karmen unit/ml) (Wroblewski unit/ml)
C 192.67+1.15% 110.33+2.524 1218.43+22.64"
T1 177.67+2.52" 105.67+1.15% 1163.51+24.38"F
T2 182.67+2.08° 103.67+0.58" 1122.27+18.73"°
T3 160.33+5.03 103.33+0.58" 1116.46+52.25"

URefer to the comment in Table 41
A"D)Means with different superscripts in the same column are significantly different at p<0.05.
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Table 45. Sensory evaluation in pork loin of pigs fed with the fermented King

oyster mushroom byproducts liquid after 1 day storage at 4C

N Items
Ireatment Color Off—flavor Tenderness Juiciness acc%ggliﬁity
C 5.60+0.55% | 4.804+0.84" | 5.00+£0.71* | 4.80+0.84" | 4.8140.84"
T1 5.57+0.05% | 4.86+0.69" | 5.144+0.69" | 5.29+0.49* | 5.86+0.38"
T2 5.8340.75" | 5.33+1.03" | 5.17+1.72* | 5.3340.52" | 5.84+0.75"
T3 5.33+1.03" | 5.33+1.51" | 5.33+1.21% | 5.50+0.84" | 5.83+0.75"

YURefer to the comment in Table 41
A"B)\eans with different superscripts in the same column are significantly different at p<0.05.

2) 7FEFTEe] W3

] 1
oo 26.61+1.29~24.6910.94 g/100 go 2 F9H< #AAE By, AF 20U+
30.07+2.49 g/100 go. &2 7FA7reFo] ThAl Z71atqlth Aldol WAl HakE W a A s H /A&
wolste] AME =50 A= 0.5% HUMFAAE 109 ol F, 1% H7bolA= 1564
o]%, 1.5% H7I A= A% 5

= hl ] =4
A =52 WAZHNA 25, S 149 o] Huo] Jhestrg W AR =
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Table 46. Effect of the fermented King oyster mushroom byproducts liquid on

cooking loss of pork loin during storage at 4C

(g/100g)
Storage period (days)
Treatmentl)
1 5 10 15 20

C 29.90+3.02% | 27.754+2.80" | 26.61+1.29™ | 24.69+0.94% | 30.07+2.49™
T1 33.93+3.35% | 31.80+1.32"% | 30.90+1.78"" | 26.26+0.88"" | 28.00+£1.57™
T2 31.99+3.24" | 30.6842.96™ | 29.75+2.50"® | 25.25+1.46™ | 27.69+1.10™
T3 31.86+1.51"™ | 30.50+2.19" | 26.80+1.91™ | 25.4240.53"* | 27.59+1.31™

YURefer to the comment in Table 41
A"BMeans with different superscript in the same column are significantly different at p<<0.05.
" “Means with different superscript in the same row are significantly different at p<0.05.

F AT AT b kel WskE yEhd A, A 1dels w2 A
EE Holvprh Ag7Ite] Axtdes tlxT R AYF(TLI~T) A Fashes 3= B

Aok g xTol = A 19 5.64+0.56 em/kgF o} A& 20 ol+= 3.1440.62 cm/kg O &
fo)H oz 7astdr). AT s A 1Ue) 4.57+£0.46~5.07£0.22 cn/kge] WMo
U, A% 2089 = 3.004£0.24~3.1240.24 em/kg .2 t)ZTo) H]E)] 7+ 9] Eo] &gk}, &

LGALR IS Folgh A2l gol A

we Avde wolv
o Ayt Age] AEE AgHE A fEH SNtk AUt %o AU
3 oEe A ARBAZ AR, R AGuTFe G Avon ek uebd A
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Table 47. Effect of the fermented King oyster mushroom byproducts liquid on shear

force of pork loin during storage at 4C

(em/kg)
Storage period (days)
Treatmentl)
1 5 10 15 20

C 5.64+0.56™ | 4.79+0.87"" | 3.82+0.51"° | 3.5640.39"¢ | 3.14+0.62"¢
T1 4.5740.46% | 4.12+0.71%% | 3.4940.24%" | 3.2540.61%" | 3.1240.24"F°
T2 4.9240.37%% | 3.96+0.70% | 3.31+0.59"¢ | 2.96+0.68% | 3.02+0.32"¢
T3 5.07+0.22% | 3.87+0.62% | 3.24+0.48" | 2.984+0.58" | 3.00+0.24"%

URefer to the comment in Table 41
A BMeans with different superscript in the same column are significantly different at p<<0.05.
" “Means with different superscript in the same row are significantly different at p<0.05.
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Table 48. Effect of the fermented King oyster mushroom byproducts liquid on

lightness (L) of pork loin during storage at 4C

. N Storage period (days)
reatment
1 5 10 15 20
C |51.63%£0.72* | 51.73+£1.67* | 51.85+1.13* | 53.3240.55" | 52.93+0.55"%®
Loi T1 | 50.21+1.56™ | 51.27+0.92" | 52.654+0.79™" | 52.86+1.05™ | 53.1840.81"*
[0}
! T2 | 52.07£1.57"® | 51.9241.99"" | 52.534+1.01* | 50.06+1.37™ | 53.91+£1.99™
T3 | 51.40£0.81" | 52.434+1.21" | 52.574£1.21* | 52.3941.24" | 52.1440.84™
C | 77.62+0.76™ | 78.21+2.03" | 78.86+1.47"" | 80.30+0.52" | 79.98+0.76™
Back | T1 | 78.95+0.68™ | 78.03+1.89" | 79.434+0.37*™ | 80.60+1.08" | 79.97+0.09"®
fat | T2 | 78.72+£1.71% | 78.82+1.47* | 79.59+1.38"® | 81.18+1.24™ | 79.73£0.65"®
T3 | 78.91£0.99" | 78.90£0.98" | 80.41+1.03™ | 81.68+0.82"% | 80.08+0.47*™

URefer to the comment in Table 41
A BMeans with different superscript in the same column are significantly different at p<<0.05.
¥ “Means with different superscript in the same row are significantly different at p<0.05.

X 495 AT TAW AA et FA%e] ANEE A% 1de] dx B A
ol Al FAE W FEALE H Al HAFol A 7.6041.63~7.9940.74 MR o, A 200l =
8.10+0.38~8.85£0.53¢] WGt A e] AME= 2T B AlFoIHA Faks Haat
SHIMA 1%, 1.5% A7 35 A 717k & {Fox7F gl ey, 0.5% H 7ol A

= AR 10974 it Zasnr) 169 o] % S7kE o] A% 209¢= A% 10l &)

7)7ke] 7%

et
ol

2§49 F7HE Rtk Telt AgelmA R BEARAA 1.5% WHTE
o 23 v s AR 2094 AR =
AR o]
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Table 49. Effect of the fermented King oyster mushroom byproducts liquid on

redness (a) of pork loin during storage at 4C

Storage period (days)

Treatment"
1 5 10 15 20
C | 7.60+1.63% | 8.09+1.03" | 7.3640.81"" | 8.08%0.76™ | 8.10£0.38"
i T1 | 7.7340.82% | 8.1140.87* | 7.714£0.88* | 8.06+0.59* | 8.18+0.72*
T2 | 7.9440.64* | 8.7240.59* | 7.8240.42" | 8.2240.47" | 8.354+1.48™
T3 | 7.9940.74% | 9.3742.06™ | 8.00+1.28% | 8.76+0.55™ | 8.854+0.53"
C | 2.9740.39% | 2.8540.29% | 2.74+0.47%% | 2.764+0.17* | 2.91+0.45
Back | T1 | 2.71+0.77"" | 2.63+0.31"" | 2.59+0.36" | 2.89+0.52*®" | 3.54+0.48"
fat | T2 | 3.4241.02% | 3.26+1.02"* | 3.07£0.20*% | 3.1340.79* | 3.62+0.36"
T3 | 3.6440.32% | 3.4840.75% | 3.2940.12% | 3.294+0.31%* | 3.48+0.42"*

URefer to the comment in Table 41
A BMeans with different superscript in the same column are significantly different at p<<0.05.
" “Means with different superscript in the same row are significantly different at p<0.05.

Table 50. Effect of the fermented King oyster mushroom byproducts liquid on

yellowness (b) of pork loin during storage at 4T

Storage period (days)

Treatment’
1 5 10 15 20

C | 4.3940.76"" | 4.53+£1.08% | 4.57+0.22%" | 5.05+1.13* | 7.1840.66"*
) T1 | 4.43+0.98% | 4.73+£0.72% | 4.8240.67* | 5.21+£0.47*" | 6.1441.41*
loin Ab Ab Ab Ab Aa
T2 | 4.7840.42% | 4.89+0.91* | 5.26+0.49* | 5.3240.26* | 6.17+0.42
T3 | 4.91£0.46" | 4.9540.58* | 5.03+0.83% | 5.26+0.57* | 5.88+1.06™*
C | 3.35+£0.96" | 4.2840.95" | 5.19+1.22**" | 5.91+0.31"% | 6.16+0.68"*
Back | T1 | 3.49+0.18" | 4.154+0.74* | 4.49+0.45"" | 6.65+1.26* | 6.00+£0.47"
fat | T2 | 3.81+0.69™ | 4.06+0.96* | 4.32+0.46"" | 4.4040.32°" | 5.02+0.34"
T3 | 3.89+1.44" | 4.52+40.58" | 5.10+0.74*®" | 5.44+0.29%" | 5.94+0.55"

URefer to the comment in Table 41
A"BMeans with different superscript in the same column are significantly different at p<<0.05.
" “Means with different superscript in the same row are significantly different at p<0.05.
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Table 51. Effect of the fermented King oyster mushroom byproducts liquid on

moisture content of pork loin during storage at 4C

(g/100g)
Storage period (days)
Treatment"’
1 5 10 15 20

C 72.0241.61%¢ | 72.2941.40™ | 74.91+0.78" | 74.0140.45™> | 74.354+1.17"%
T1 68.3242.22% | 73.99+3.07* | 73.854+0.58 | 73.97+0.30* | 72.20+1.64
T2 67.51+1.70% | 74.6241.64™ | 74.46+0.37* | 74.20+1.00 | 72.54+2.20™
T3 71.58+0.08" | 73.49+1.29% | 74.72+1.04™ | 74.48+0.04" | 74.37+0.84"

URefer to the comment in Table 41
A"B)Means with different superscripts in the same column are significantly different at p<0.05
" °Means with different superscripts in the same row are significantly different at p<0.05.
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Table 52. Effect of the fermented King oyster mushroom byproducts liquid on crude

lipid contents of pork loin during storage at 4C

(g/100g)
Storage period (days)
Treatmentl)
1 5 10 15 20

C 2.51+0.75™ | 2.45+0.33% | 2.69+0.03" | 2.97+0.43" | 2.28+0.47"
T1 2.47+0.20% | 2.5140.41%" | 2.41+£0.17*" | 3.12+0.29 | 2.574+0.48%"
T2 2.1140.28% | 2.30£1.19%* | 2.22+40.58% | 2.99+1.15* | 2.754+0.20"
T3 2.07£0.21% | 2.2340.15* | 2.07+£0.57*" | 3.01£0.14% | 2.76+0.11"

URefer to the comment in Table 41
“Means with different superscript in the same column are significantly different at p<0.05.
““Means with different superscript in the same row are significantly different at p<0.05.
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Table 53. Change in pH on level of dietary fermented byproduct of King oyster

mushroom within pork loin during storage for 20 days at 4C

X Storage period (days)
Treatment®’
1 5 10 15 20
C 5.71£0.04% | 5.56+0.01" | 5.77£0.01* | 5.60£0.02%° | 5.76+0.02"
T1 5.7840.02*" | 5.59+0.01% | 5.7240.02% | 5.614+0.01% | 5.8740.02"
T2 5.68+0.02% | 5.62+0.02% | 5.74+0.01%" | 5.70+0.01% | 5.854+0.01%
T3 5.64£0.02% | 5.69+0.02"¢ | 5.75+0.01* | 5.7240.01"° | 5.8740.03*

YURefer to the comment in Table 41
A“D)Means with different superscript in the same column are significantly different at p<<0.05.
ad\eans with different superscript in the same row are significantly different at p<0.05.
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Table 54. Effect of the fermented King oyster mushroom byproducts liquid on

TBARS of pork loin during storage at 4C

MA (mg/kg)
Storage period (days)
Treatmentl)
1 5 10 15 20

C 0.1540.01% | 0.1840.01%¢| 0.214£0.02"° | 0.26+0.03* | 0.33+0.03"
T1 0.15+0.03% | 0.16+0.01"° | 0.18+0.03%5¢ | 0.23+0.04*® | 0.29+0.02%
T2 0.14%0.03%% | 0.15£0.02" | 0.17£0.03* | 0.21£0.02%" | 0.25+0.035
T3 0.10+0.03%° | 0.114£0.03% | 0.13+£0.02% | 0.20+£0.01% | 0.23+0.01%

YRefer to the comment in Table 41
A" BMeans with different superscripts in the same column are significantly different at p<0.05.
" “Means with different superscript in the same row are significantly different at p<0.05.
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Table 55. Effect of the fermented King oyster mushroom byproducts liquid on fatty

acid composition of pork loin during storage at 4C

Fatty acid composition (%)
Treat
—ment” | Cip | Cun | Ciso | Ciso | Casn | Cuse | Cae | SFA | UFA | SEAY
C | 2.24 0.41 | 26.70 | 15.86 | 42.72 | 11.21 | 0.87 | 44.81 | 55.20 | 1.23
T1| 2.84 0.72 | 26.98 | 13.02 | 42.31 | 13.46 | 0.70 | 42.82 | 57.18 | 1.34
! T2 | 2.61 0.33 | 27.71 | 14.67 | 40.16 | 13.84 | 0.75 | 44.99 | 55.07 | 1.22
T3] 2.29 0.32 | 27.47 |1 16.75 | 40.39 | 11.83 | 0.96 | 46.50 | 53.51 | 1.15
C | 2.18 0.25 | 27.31 | 14.37 | 44.81 | 10.14 | 0.96 | 43.85 | 56.15 | 1.28
T1]| 1.96 0.10 | 26.86 | 14.36 | 43.73 | 12.31 | 0.80 | 43.18 | 56.93 | 1.32
> T2 | 1.72 0.33 | 27.74 | 15.22 | 41.85 | 12.70 | 0.46 | 44.67 | 55.33 | 1.24
T3] 2.70 0.10 | 28.47 | 14.16 | 41.66 | 13.02 | 0.10 | 45.32 | 54.88 | 1.21
C | 2.10 0.23 | 27.07 | 13.81 | 45.81 | 10.87 | 0.80 | 42.98 | 57.07 | 1.33
10 T1]| 2.26 0.48 | 27.64 | 14.04 | 43.14 | 11.77 | 0.67 | 43.94 | 56.06 | 1.28
T2 | 2.19 0.10 | 27.72 1 14.96 | 41.87 | 12.93 | 0.39 | 44.87 | 55.29 | 1.23
T3 | 2.54 0.75 | 26.24 | 13.95 | 40.97 | 14.93 | 0.64 | 42.72 | 57.28 | 1.34
C | 2.11 0.25 | 26.35 | 14.20 | 41.64 | 14.90 | 0.63 | 42.65 | 57.41 | 1.35
T1| 2.27 0.10 | 28.10 | 14.05 | 42.05 | 12.87 | 0.67 | 44.42 | 55.68 | 1.25
15 T2 | 2.36 0.34 | 27.68 | 17.28 | 41.60 | 10.00 | 0.76 | 47.31 | 52.69 | 1.11
T3] 2.00 0.24 | 25.80 | 13.26 | 41.64 | 16.45 | 0.68 | 41.05 | 59.01 | 1.44
C | 2.94 1.00 | 26.39 | 14.09 | 37.45 | 17.86 | 0.36 | 43.40 | 56.65 | 1.31
90 T1| 2.07 0.10 | 28.41 | 14.98 | 41.74 | 12.50 | 0.37 | 45.45 | 54.70 | 1.20
T2 | 2.25 0.10 | 26.89 | 13.56 | 43.23 | 13.37 | 0.71 | 43.71 | 57.40 | 1.31
T3 | 2.17 0.43 | 26.32 | 15.20 | 43.14 | 11.98 | 0.77 | 43.69 | 56.31 | 1.29

YRefer to the comment in Table 41

A BMeans with different superscripts in the same column are significantly different
at p<0.05.

Cis:0(myristic acid), Cisa(tetradecenoic), Cis:o(palmitic acid), Cig:1(palmitoeic acid),
Cis:o(stearic acid),

Cis:1(oleic acid), Cig:z2(linoleic acid), and Cso:4(arachidonic acid).

SFA: saturated fatty acid, UFA: unsaturated fatty acid.
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Table 56. Effect of the fermented King oyster mushroom byproducts liquid on

cholesterol of pork loin during storage at 4C

(mg/100 g)
Storage period (days)
Treatment"’
1 5 10 15 20

C 54.4441.07% | 53.64+2.27* | 53.27+2.86™ | 51.22+2.00% | 51.10+2.81™
T1 52.40+1.68"™ | 51.05+£2.90™% | 50.53+1.97** | 50.32+1.66™ | 49.55+1.85
T2 48.47+3.42" | 46.81+£2.96™ | 47.28+3.45 | 45.56+1.52" | 44.27+2.64™
T3 47.33%4.25" | 46.15+1.30™ | 45.93+3.33"® | 42.16+2.22*" | 41.3640.99*

URefer to the comment in Table 41
A~Means with different superscripts in the same column are significantly different at p<0.05.
" Means with different superscript in the same row are significantly different at p<0.05.
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