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Quality Characteristics of Jochung Containing Various Level of
Letinus edodes Powder

Jung-Suk Park* and Hwan-Sik Na'

Department of Food and Cooking Science, Kwang-ju Womens University
'Food & Drug Analysis Division, Jeollanamdo Institute of Health and Environment

Lentinus edodes powder was added at 1-3%(w/w) to improve functional properties of jocheong. Content of crude
protein, ash, crude lipids, total mineral, free sugar and reducing sugar increased with increasing amount of L.
edodes powder, while viscosity and solid and carbohydrate contents decreased. Through amino acid analysis, 17
amine acids were identified and quantified, glutamic acid being the major amino acid. No significant differences
were observed in fatty acid composition and pH between control and L. edodes powder-added Jjocheong. Addition
of mushroom powder in jocheong decreased lightness, yellowness and redness in Hunter's color value. Sensory
score of jocheong containing 1% of L. edodes powder was similar to that of control. Results showed Jjocheong
containing less than 2% L. edodes powder gave highest scores in quality characteristics and sensory evaluation.
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BV A (Lentinus edodes) 752 A& FAFEZ A4
T2 9% AxAA vplsld 100 mesh HE F327)
22 AN 29 Az AN A QU
FHoAAM FYEtA AHE-EA

T3 M=

HAS SHFE 38 AF T A2eA 47 FHE B
th £HE A 1kedl THA 71FE 247 10g(1%), 20¢
(2%), 30 g(3%)% H718laL, 27]85(S)-320, Samsung)ol| A L
e Aleth 2§ B 419 GE 300gS HUsted 55°C
Fo7lol X 4Al7E ot FEteiict gelde WExE Al
AlgW el &x7F 91°cel A 1A7F B9t Aol vHE st
Az&Act dzT2A 2aA 7HRE WA &2

A& Alzstel Ak

b 2ol dnbdE-e ACACRH(I7) Wt
A &, TR AdebrEey, 2382 14355,
semi micro KjeldahlH 22 7 %
T, 2uE, 20 B

s U1,

Fe mohell #Hdke] ou] @sialzl thE 71 2(500-600°C)
oA &3 e Zh WY & F @411 vv) 10mLE

AZAZL OHS F2 A1 :3 viv)
10mLE F7sled 308 A 5840 71date] iy 1N
HNO, §o2 somLE 483l & rHInductively
Coupled Plasma, Model JY-138 Ultrace, Jobin Yvon, France)=
Y714 %(Ca, Fe, Cu, Mn, Zn, Mg, Na, Ky £435cK19).
o ZZ|Hd Fupaniggie s Agsid 625mmel FFE=E
UV/VIS Spectrophotometer(Model 150-20, Hitachi Ltd., Japan)
2 Z733el 433

REE 24

F29d Gancedo 59 HH (200 Wt E4sAT F, 7t
7}o] Aol 75% ethanoks 718k 80°C 8 3<l|A] 2
5 223 O Y 53 ethanols A AL,
sep-pak C,, cartridge® AA 3 3 045um membrane filter
(Millipore Co., USA)Z. oJ#g & HPLCE ol8-3te] &4k
t}. #2412 TSP(Thermo Separation Products) SPECTRA Sys-
tem, AZ7] Shodex RI-71 detector, ZH-& carbohydrate
analysis column(3.9X300 mm, Waters Co., USA)E |83} =
ABHATE, o] 99 BEA2ACZE flow rate 2.0 mL/min, injec-
tion volume 10mL, 542 80% acetonitrileS AME-3}3ATE.

ool oAt 24

NgE 02g A=E AUs] o} Zhzt Al FHal 0.05%(W/
V) 2-mercaptoethanol(C,H, SOy &3t 6N HCl 15mLE 7}
ate] 110+ 1°ColN 24717 71R8et & ofsfetal, AAE 7

G sEsld QA AASE FRER 238 A Ul

sREEE

G ESEEE
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Table 1. Analytical conditions of amino acid analyzer for amino
acid

Instrument Shimadzu LC-10 Avp amino acid analyzer

Shim-pack Amino Na (6 mm X 100 mm)
Shim-pack ISC-30 (Na) (4.0 mm X 50 mm)
pH 3.2, pH 10.0 sodium citrate

Column

Buffer solution

Flow rate Buffer 0.6 mL/min, .
o-Phathalaldehyde (OPA) 0.6 mL/min

Column temp. 60°C

Injection volume 10 pL.

E23c}t ¥EE2S pH 22 sodium citrate buffer2 %83t
0.45 um membrane filter2 73+ JHG olu| it H-E FAH

7)(LC-10 Avp, Shimadzu, Japan)yg ©|-&3te] E4381Hth21).
gl fajoluiate] Aol dA e AlZet 10% wrichlo-
roacetic acid(TCA) 100 mLE E3le] @&slist & 5,500 gofl
A 2087 Y] siith22). YAEElE HL of3(Whatman
F&sto] TCA FWHE #Hshe TCA & 7%
% 045 um membrane filter? &3}3le] olu|iAl HEEA R
sty A otulieqbs fElobredt 4S8 §g =4

£ Table 13 Zt}.

gt 2y
Aol F%& Folch 59 W (23)d ostd F& 3 A4
som, AOACHH17)0] WebA 14% BF3-methanols AHE-
slo] 2] BFARS- methyl esters} AlZ1 T2 Gas Chromatography
(GC/FID, Agilent Technologies, USA)E. ZA8lith AME-g 72
Z& Stabilwax-DAG30 mx0.25 mmXx0.25 um), A&7= EZF]
23} HE7I(FID), &5 F97] 220°C, HE7] 240°C, 22
150°C(2 min)-3°C/min-240°C(8 min), carrier gas: N, FUHFS
1 plgsplit 20 : o]t
‘x_;-_lu: =X

- |Ho

7} A &e] A%+ Brookfield viscometer(Model-LV 11, Brook-
field Engineering Labs, USAYE AH-3te] =32 A7 3.5cm,
o] 7.5ecmel YFFE7]) ol 20°CAA] spindle No. 192 2
B SHATIAAM A etk
£d
H24)el et T} vjgHE 7}
B 239 3AdGE =3 ste] maltoseR Fitsle] vERRC.
o, ¥ R =23 dFFS =7l "ot 105°Cel A3

pH &3

AEFAe] GF AEHES)A wE 23 g2
2552 108 A48 & pH meter(Accumet ARS0, Fisher
Scientific, USA)Z &4 350,

43| do}

M

A dA L Hstd Hunter 22HA|(Color and Color Differ-
ence Meter, Model No. TC-3600, Tokyo Denshoku Co., Ltd,
Japan)2 =73} Hunter system®] 3A=XQ1 L(lightness),
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a(redness), b(yellowness)3t = AZHAE, color difference)st2-
UeRASIT) A7) AEE U2 &, BuHAe H7sHA
RS 2 FIHNE AT Hrkek 2AHS vme A

o} Halolr}, ouf] ARST HEFMWL =902, a=13, b=3.2%T}
AE= JAL? + Aa” + Ab°

s

Horte FFAAgta Fxe st ) FollA 4
Sto] HARAE didstal zF AR tisted nhE-sle
A7l % A(color), Frl(flavor), 25 wfe] =7 (chewiness),
r(sweetness), AE 7| T (overall acceptability)S &7t
th AlEE HESAAL Al 108 Aol B AR 13k "o
s AAONA FrkeleE AAa, 78 BAEWO R 33
dHE ARSIt 1 A= SAS package® EAIA T dlglo
™, A8 FEE foldE 5% TR A

Hol‘ =

=z
=
Sl
o

Rt

HEouA JIRE ol 71510 M=t =3o| utME
FHE 2 kel TN 7FEE ZHE 10 g(1%), 20 22%),
30 g(3%)8 Arisle] WS Aof Az 23 e) AR Table
20 vk BAVME &, AW Z1RE AER) e 23
9] FEE 25.68+2.62%, ZTHMAS] 2.14+£0.01%, 24 0.38
10.01%, 3E 037£0.04%, ©53180] 7143+192%2 e}
Wk EIHA 7FRE WIS SR e U8k 3%

A7Hre) 749 34.821099% 714 S7tsl o, AN, ¢
HHH o] olls FAVRE B} o Fvlee Row
Holup A AzxE 7150 wtkfad xohido] vial A
7H 1% 79 3.17%AM 3% 7S] A 345%F F71e)
3 A 2T A vt £FEoR ZkEi B
52 AdHoE 743G 3% A7 AL 61.93+£0.93%
= 2438 1o

of Hl) LA 7HF Hrbrola] Fehid 5 g
A TR JPdEEENE 202-23.9% &
1-35%, & 5.0%, BEE 67.6-71.3%)00 Q&) 7}
108 HQITH2627). e #ESHe Avtd AZX E
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A ZERTE SRS AEE SHEA F7he Aoz AzE,
USRS SR 5 U8 4R §o) FolnA AHe.
2 okl Zoz wuHn,

A= 1

ZHe TR AFE Table 33 2tk BIA 7128 H7t
3 && T s & PR TEe] 2,64234my
kg = eGSO, 1 F Q(P)o] 1,089.41+11.4mgkg, K
(892.56£5.7 mg/kg), Mg(280.14 4.3 mg/kg), Na(204.79+2.6
mg/kg), Ca(140.07+4.5 mghkg) &0 2 VeERdT)

PR 7188 EuHA 7S J7H A 89 & Ao
£ HolR] FUATF K 74 892.56+5.7 mg/keoll A 3% H7}
79 1,367.54+192mgkg® 2 ThA Z7lele A4S B
olglgt Axte wAle] g 7Iklske Ao FAHEHY A
FaEAe] K 332 Kwon 59 BA27)014 17,000 mg/kg

Table 2. Proximate composition of Jochung containing various levels of Lentinus edodes powder (unit: %)
Substitution level of Lentinus edodes powder
Control
2% 3%
Moisture 25.68+2.62Y 2450+2.17 29.22+0.84 34.82+£0.99
Crude protein” 2.14+0.01 (2.88)” 239+0.03(3.17) 229+£0.01(3.24) 2.25+0.01(3.45)
Crude lipid 0.38 £0.01 (0.51) 0.48 +£0.02 (0.63) 047 £0.01 (0.66) 0.50£0.02 (0.77)
Ash 0.37 £ 0.04 (0.50) 0.44 £0.03 (0.58) 0.50 £0.03 (0.71) 0.50 £ 0.05 (0.77)

Carbohydrate” 71.43 +1.92(96.11)

72.19 % 2.06 (95.62)

67.52 £0.65 (95.39) 61.93+0.93 (95.01)

""Mean + standard deviation.

N X 6.25.

PFigures in parentheses indicate dry basis.

100 — (moisture + crude protein + crude lipid + ash).

Table 3. Mineral contents of Jochung containing various levels of Lentinus edodes powder (mg/kg)
Substitution level of Lentinus edodes powder
Control
1% 2% 3%
Mg 280.14 +4.3" 261.75+3.2 312.61£83 307.34 £ 5.1
Ca 140.07 £4.5 147.78 £ 1.5 140.20+ 5.2 159.70 £ 8.5
Na 204.79+ 2.6 209.60 + 5.1 243.52+£9.8 23825+25
K 892.56 5.7 937.87+ 6.9 1,087.89+ 14.4 1,367.54 £19.2
Zn 6.70£0.9 7.30+0.3 747105 7.39+0.1
Cu 7.87+0.9 1098 +2.4 8.52+2.6 10.04+1.6
Fe 10.63 £0.7 9.83+0.3 127722 11.18£2.3
Mn 10.17£ 1.0 10.77 £0.1 13.18 0.1 9.52+0.2
P 1,08041+ 114 1,096.30 £ 11.5 1,196.46 £27.0 1,047.38 £ 18.5
Total 2,642.34 2,692.18 3,022.62 3,158.34

YMean + standard deviation.
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Table 4. Content of free sugar in Jochung containing various
levels of Lentinus edodes powder (mg/100 g)

Substitution level of

Control Lentinus edodes powder
1% 2% 3%
Glucose 3,7719 3,904.3 4,828.6 59172
Fructose 407.7 480.0 612.7 890.4
Sucrose - - - -
Maltose 37,162.8 43,163.8 39,8133 44,992.1
Total 41,3484 47,548.5 45,254.6 51,799.7
HES APs ol TS b ACE vtk d4A) 7
7188 3Hke] ASoe FAH7MEY 2,642.34 mgkeellA 3,158.34

mgke(3% F7HHCE Z7lek ARE BYE ok K9 ¢
gro| ZhaiA HA TR AV S ARl AL
2 Fed,

Sa|ch a2
747H34° gl Az o EAjske freldE HPLC
2251 A3K(Table 4) 7P Bo] EAsk= & maltoseO]‘}i
EU%, FIMAE A7IeHA] & ozt 37,162.8 mg/100 g
2 7P AA 5o ABx, FrkrEed wet A
TFekA e A 1 o] Tz Hlsl tha #A
bt} Glucose@t fructose S thR7e] A% ZH2t 37779
mg/100 g7 407.7 mg/100 gl A 37t 0] ZokdsE I ¥
o] Z7I3le] 3% H7FEoA z8zt 59172 mg/100 g5} 890.4 mg/
100 g2 Z718F AAE WHOoW, sucrose= HEHA FUTH
Kim S8y 47 molE o] 83} HEYY FEFE F

o A o= -
AVet A FAERS maltoseo] om, 32 9 glucose’t WA &

25 234
Al

-

7F
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A 77

2o 1% W), fructose’t FEF HAEHATL BsHAA, 47t
FEo we} F7kRe olfRE FE HELR 7AH Sle
wo) egtEo] Fat 3 Fofl A7]E2] amylaseoll el
&l o] maltose 2 FElFol AAEH, o7]el] Fuwslol
Ashe FR7F TE Sk Ao® BATh29).

Bae 5(29)& @S ol&g 2H e Azspgelr witel
1S Z71EE maltose THS A8, glucose?t fruc-
tose TS Z7 ettt BLEo] maltose $HFe] - AE FH
et thEA Jebged], 2 olgEE wte] Fvb #hyol
B oAde] vl Artele gt A P 9kE Hrbehe
o] opd Az A% BlgR EFshe WHE AMgSt &
o] FH7lgo] ZOEWAM maltose FFo] Hhdte ZAHE et
r}. wetbA 45’—‘51”0“ EAshe Ao GOE st #Y
wAlo] Hrisle vigo] TURlEEE 23] Fds 248

a5k 941 %"1 ke AA FAEA S & 4 A

riN Ao

et

H“

otg|cit &4

Agd T4 opulmabe ] opuliest TS opw|=At A}
FE4712 243 43 Table 59 2t 74 obvlxdt &
7V ®o] a8 olmweAke glutamic acide|le.™ 2] ofF)
wAbe] 9ol cystine® & VERTE ZF AR A opv]
2ko] Ao FATVLI} glu>pro>cys>asp>thr TolA, B
WA 7FRE 1% H7EeE 239 79 glu> cys> pro > asp = thr,
2% H7FEE glu>met>pro>cys >asp, 3% H7FrolME glu>
pro=cys=asp>met =22 Z} A8 2 giFo] Y Aol
E B3tk fE ofuinate] Agele GAR] R Aol B
o A opueAba e HlEEs]

25 %Hlb“ FFE FHH0.89 g/lOO gl i3l
N 7NEE

FH
A7ke AR 8 wol SHHaL ARo B

Table 5. Total and free amino acid composition of Jochung containing various levels of Lentinus edodes powder (/100 g, dry basis)

Total amino acid

Free amino acid

Control 1%" 2% 3% Control 1% 2% 3%

Aspartic acid 0.18 0.24 0.28 0.36 0.02 0.03 0.03 0.03
Threonine 0.17 0.24 0.22 0.18 0.02 0.04 0.04 0.04
Serine 0.10 0.12 0.11 0.08 - 0.02 0.01 0.01
Glutamic acid 0.44 0.49 0.48 0.53 0.04 0.05 0.05 0.05
Proline 0.35 0.38 0.38 0.36 0.05 0.04 0.04 0.04
Glycine 0.09 0.1 0.10 0.08 0.01 0.01 0.01 0.01
Alanine 0.10 0.13 0.11 0.09 0.01 0.01 0.01 0.01
Valine 0.14 0.19 0.17 0.13 0.03 0.04 0.03 0.04
Cystine 0.29 0.39 0.34 0.36 0.06 0.09 0.07 0.08
Methionine 0.16 0.15 0.39 0.21 0.01 0.01 0.04 0.01
Isoleucine 0.10 0.13 0.15 0.11 0.01 0.02 0.02 0.02
Leucine 0.10 0.13 0.15 0.11 0.01 0.02 0.02 0.02
Tyrosine 0.08 0.06 0.10 0.09 0.01 0.01 0.01 0.01
Phenylalanine 0.07 0.05 0.09 0.08 0.01 0.01 0.01 0.01
Histidine - 0.1 0.13 0.13 0.10 0.02 0.03 0.02 0.02
Lysine 0.15 0.20 0.17 0.14 0.03 0.04 0.03 0.03
Arginine 0.10 0.13 0.14 0.09 0.02 0.03 0.02 0.03
EAA? 0.89 1.09 1.34 0.96 0.12 0.18 0.19 0.17
Total 2.73 3.27 3.51 3.10 0.36 0.50 0.46 0.47

YSubstitution level (%) of Lentinus edodes powder added to rice.
PEssential amino acid.
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3 HlEsl FUhA % Aoz Uekith & ohuxat
S B FHIMF 273¢/100 g, 1% H7FE7E 327 ¢/100
g 2% A7HE 351100 g, 3% F7HEe] A 3.10 /100 gO2
HA7hlA] e NIRRT AvbE A8 2 drko] =AU
EPtom 2] opn|iAle] & opu|imgl g 7R AnE W
Fel=

A obnjizibel] tigt "4 opn| At ghgke) Wl g 2% H
7H7T 382%E 7P E%0H, 3% 7ML 31.0%E vha w
< 2= Biled, ols wAlel HriEwA df ofreat
ol9]e] o] FrletaA Uehd AR oiFe) Al87) FAO
7F ANE 712 323%HETE A4 et dYsgon 94
3 ZAoZ HATK30). W FA olmmat & Eavie] ]
2l aspartic acid, glutamic acid, cystine} methionine S| &7}
TolM g FTIetH o, o]5g wAle] HyiEwA WAL W
FHHE opul=Ate] FriEHA FtE Aog ®olr)

Kwon §(27)2 1A op|eikg 418 A3 tryptophan
2 AT 16%9] ofpmite] AEEHJL o5 F glutamic
acid, isoleucine, aspartic acid, phenylalanine =08 & 3ars
YERHT . Bl o, Hong 5(3) A-$le tryptophan
9] 17%9] ofrxate] HEHJ O, aspartic acid, glutamic
acid, phenylalanine, histidine 5 2o| 43l vty By
sto 2FY tE A3E 2k o)y oy ZE AR
oHrEo] s ofrieit RS FHol wel zjo)v) Alst
L FUFQ AfE BETA, BAEA, Y] Soll
2t B AolE Holiw 4HA7E T 5 wiale] A9w ekh
# Zol7h Qo AuiE} opE7ke] ool wlebM = Als}
thal sof ool 7]9lgk Ao g e TH(3]).

2,
ol

VA TRRE HrbebA] e FH7bre MR Fo
2 248 vt daks Table 63} 2t} FH7Ee] A
5 linoleic acid(C18:2)7} 23.8%% 7} =& W8S 2R3k
2L, palmitic  acid(22.3%), oleic acid(19.0%), myristic acid
(14.2%), caproic acid(9.4%) =22 Ueston o)gs A3t
1% 78 ALg UA] Ae= 22 BgE 29 ¥x
WA 7R A7HES 2YSE ZEXEMKSFA)Y HlE 57.2%
oA 487%% Tt on AdtiFos BEZxHAHUSFA)
HlE 428%A4 513%2 Z7betdch deld At 9% 3
linoleic acid(C18:2), palmitic acid(C16:0)2} oleic acid(CI8: 1)
= RN 7EE AUFESE 2 fee) ZUlsIdleH olE
dES BIHA 7FFolA fefE 2oz sehen
& BN AW4a 24 linoleic acid(C18:2)7} 77.9
/100 g A4}, palmitic acid(C16: 0)7}F 19.0 g/100 g AdAke =2
7P Bol $HEo] Ao 11 9 stearic acid(CI8: 0)9} oleic
acid(C18: 17} &% &k s1oq26), & A AujofA
linoleic acid®} palmitic acid F3o] Z71le 8802 AR

by
r e

PH & EelE

B Agel Axd 2Pe HETAe
Q

2% F7H7F A47F 5.7, 3% HHEY A% 582 uehg A
webtor] Alg7ke] zbe]

o=
EIA 7 29 pHol

Table 6. Composition of fatty acids in Jochung containing
various levels of Lentinus edodes powder (%)

Substitution level of

Control  Lentinus edodes powder

1% 2% 3%

Caproic acid (C6:0) 94 7.8 6.7 6.7
Caprylic acid (C8:0) 2.1 14 1.5 0.6
Capric acid (C10:0) 1.6 1.2 0.9 1.2
Lauric acid (C12:0) 1.0 0.2 0.9 0.9

Myristic acid (C14:0) 14.2 10.0 9.8 8.0
Palmitic acid (C16:0) 22.3 28.5 26.1 27.0

Stearic acid (C18:0) 6.6 5.0 2.8 43
Oleic acid (C18:1) 19.0 223 21.3 228
Linoleic acid (C18:2) 238 23.6 30.0 28.5
SFAY 57.2 54.1 48.7 48.7
USFA? 42.8 459 513 513
MUFA? 19.0 223 213 228
PUFA" 23.8 23.6 30.0 28.5
MUFA/SFA 0.33 0.41 0.44 0.47
PUFA/SFA 0.42 0.44 0.62 0.59
PUFA/MUFA 1.25 1.06 1.41 1.25
USFA/SFA 0.75 0.85 1.05 1.05

PSFA: Saturated fatty acid

YUSFA: Unsaturated fatty acid
MUFA: Monounsaturated fatty acid
YPUFA: Polyunsaturated fatty acid

Table 7. Viscosity, reducing sugar, solids and pH of Jochung
containing various levels of Lentinus edodes powder

Substitution level of
Lentinus edodes powder
1% 2% 3%
Reducing sugar (maltose %) 40.38  43.16  41.04 4330
Viscosity (centipoise) 132 x 10° 213 x 10° 128 x 10°51.4 x 10°
Solids (%) 7432 7550  70.78  65.18
pH 5.5 5.7 5.7 5.8

Control

Table 714 G (maltose %)2] 4% F-H7FE7F 40.38%,
1% A7FE7F 43.16%, 2% A7 41.04%, 3% H7F7Ee) A%
46.30%= Weht FH 7] vl drpre] S9d o] =
< A3E B3k ol fEd Z3k(Table 4 #3)oA maltose
SheFol AT 37.16%, 1% A7FE 43.16%, 2% H 7
39.81%, 3% H7HF 44.99%2] At} v|we] 2 u) o7 o
e YeRTh

ol2idh A= Kim 52 ZA28)9t kst Aoz Al
HPLC E49l] ofgiM= ot falgto] A3E)9lou) Bertrand
el os S5E #ge I9Ee IRE UEE AN}

HE ¥ U"E s

FVHA 7k AvlERe delsle] Alxst 239 HiE: Table
73 ek R A 132X10° epset HlmEE W) 1%
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Table 8. Hunter’s color value of Jochung containing various levels of Lentinus edodes powder

Substitution level of Lentinus edodes powder

Control
2% 3%
L (whiteness) 22.07£0.52'" 22772 £0.28° 2024 +£0.11° 19.02 £0.41°¢
a (redness) 7.45+0.49* 6.96 £ 0.31° 5.90 £0.36" 5.18 £ 0.20°
b (yellowness) 17.80 £0.73* 17.41£0.42° 14.57£0.36" 13.74 £0.19°
AE? 0.00 4,02 5.56

PMean * standard deviation.

“Means with the same letter are not significantly different (p <0.05).

PAE = total color difference.

Table 9. Sensory characteristics of Jochung containing various levels of Lentinus edodes powder

Substitution level of Lentinus edodes powder

Control
2% 3%
Color 6.60+0.70" 6.70 £ 0.77% 5.60£1.07° 350+£0.51°
Flavor 6.30+1.06" 642 +0.51* 490+ 0.85° 470+ 1.16°
Chewiness 6.10£0.92% 6.13£0.87* 520+0.81* 3.00£1.26°
Sweetness 6.40x0.70* 540 £0.63" 4.10+1.03° 2.90£0.76°
Overall acceptability 6.50+0.71* 6.40 £ 0.58* 4,80+ 1.04° 2.90 + 0.85°

YMean =+ standard deviation.

*Means with the same letter are not significantly different (p < 0.05).
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