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Quality characteristics of spread jam using low-salt Lentinula
edodes soybean paste
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ABSTRACT: In this study, a low-salt Lentinula edodes soybean paste (LSLESP) with improved palatability and storability relative to
traditional Korean soybean paste was developed by utilizing low quality log cultivation of L. edodes. We also conducted quality
characteristic analyses of spread jam made from low-salt L. edodes soybean paste (SJLLESP). The lowest salinity content and the
highest L (brightness) value was found in LSLESP. According to proximate compositions analysis, crude protein, crude fat, and ash
content were higher in commercial soybean paste than in LSLESP Clucose, fructose, and maltose were the only free sugars
detected in commercial soybean paste, whereas arabinose and fucose were additionally detected in LSLESP. Only two types of
organic acid, were detected in common in commercially available soybean paste and LSLESP Four types of organic acid, were
detected in SJLLESP due to its added ingredients. The major free amino acids in commercially available soybean paste and
LSLESP are histidine, glutamic acid, and arginine. Total amino acid, content was higher in LSLESP (54.81 mg%) than in
commercial soybean paste (49.26 mg%). Total free amino acid, content in SJLLESP was 43.01 mg%. Ergosterol and B-glucan
contents were highest in SJLLESP. The elevated ergosterol and B-glucan content in low-salt LSLESP relative to commercial soybean
paste was significant. In conclusion, LSLESP and SJLLESP contain useful components from L. edodes, and offer the advantage of
low salinity. LSLESP and SJLLESP could thus contribute to the development of health foods using L. edodes.
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Fe wld 2d, 7714, vlERl 5o oheket U
S sk AR BHAEY glon, 58] SikdHE
A<l guanosine 5'-mono-phosphate(5'-GMP)<} lethionine
< FFstar Ao Efe d AEsEE JEpi A,
ergosterol, eritadenine, lentinan & $H+-3lL o] a4t
, 8, A3 SOl a5 e AeE dHA
tH(Choi et al, 1995; Finimundy et al, 2014; Perera et
al, 2003; Song et al, 2001; Yang and Jang, 2003). ¥4
F A7F 90 8 Agddd #st AdFEE 5
Zolz, A%, A FEES FUieE @3] d9itst
& 3}H(Yang et al., 2000), ZAEZ W23} (Yang et al,
2000) 5ol BE v} doh. I B Are] Al ¥
HALS 83 F4e A3 dF2= Rt JrE AF
HAgo] olsletd] A, mAE, a4 &4, 7154 E, A
2 F gt JEHs) A Sol BarEo] Uth(Choi er
al., 2006; Lee and Kwon., 2002; Lee et al., 2004; Rhee
et al., 2000).

2 AT o AL, 7] wEE 747k o
Sk FAlo] FUteleE FME HolH Ha o] AFE
oy A% FHe ZrdEe FAIS Holi tk(Park er
al, 2021). 20179 %2 =71 YEF Ht HFAZFS
3,478.3 mgo.2 2011 4,756.7 mg3} H]wsle] 7Ash=
FAoIY, FEAFATY] 23 w2 YEF HAd F7t
2 Q& TH(MOHW and KDCA, 2018). YEF AF o F
8 w9 &g, 94, W, IFY 5 FEFAA
383%% ¥/ UEldon, 20179 A7 G FzALel
o2H 304 o] Aol 1Y FHES 352%, T
B2 124%= Uit ARe Adshrt dadt Aotk
(MOHW and KDCA, 2014; MOHW and KDCA, 2018).

AR @] digk A4= 7158 s 2 v &
Aol gigk A+, B A Ee fisk A Fol =
ATH(Choi et al., 2006; Kim ef al., 2021; Yoon et al.,
2019).

Lo
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Lentinula edodes
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injection/40 days
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Fig. 1. Manufacture process of Meju using Lentinula edodes
powder.
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soybean paste

Fig. 2. Manufacture process of Lentinula edodes soybean
paste.
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Fig. 3. Manufacture process of spread jam using Lentinula
edodes soybean paste.

£ A FEHE] AFELES FYsh] AR

EIE EHS F FH =S I8 BYgo R At
Bacillus subtilis JHDH—OOI 45 (718 S KCTC18824P)
£ FEotd w4, TEAA vF 35kes AU
AEEIL A Zﬂig fleto, SAALEE WFE F3L 5
Zoo] I 11% 2F% 10Lo] FFatz 402 B
&2, oFate] BT 7H4S BaEleiqint. AGed Az
-r]o}o:] W22 ARESE Al 20% TR B
11%°] A& ARttt 23t 23k AT w5
3, 7] B A A9 219 4keS Ax
sttt Pz A Az AFFIE Gl
e B Hrtste] st vk Sy HE
A7reE & FER7IEst Axste] A|RE ARESIIATH
(Fig. 1, Fig. 2, Fig. 3).

mlm rlo mlm

Alet
Aol ALgR Aok, &6 2 K.Cr,0,
(DaelJung, Siheung, Korea), AgNO; (DaeJung, Siheung,
Korea), acetonitrile (ACN, 100%, J.T. Baker, Deventer,
Netherlands), Siheung,
Korea), KOH (Daejung chemicals&metals CO.LTD,
Sijeung, Korea), Hexane (99%, J.T. Baker, Deventer,
Netherlands), Methanol (99.8%, J.T. Baker, USA)
Stadarad free sugar (Sigma aldrich, St. Louis, MO,
USA), sodium phosphate dibasic (sodium phosphate
dibasic anhydrous acs, fisher chemical, USA). standard
organic acids (Sigma aldrich, St. Louis, MO, USA),
amino acid standard (Agilent, CA, USA), ergosterol
(Sigma aldrich, St. Louis, MO, USA), Megazyme kit
(Mushroom and Yeast B-glucan Assay Procedure K-

sulfosalicylic acid (DaeJung,

juic
of¥
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2
~
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79 - AR - A7

i

YBGL, Megazyme, Ireland) 5= Y 3kod AHE-3F% T}

ATEH

APy ag BF2zY el Y= Mohrd
(MFDS, 2021)2.2 433t} &, AR 10gS T7T
50 mLZ 3]st o3t gk & 2% K,Cr,0, (DaeJung,

Siheung, Korea) 1 mLE 7}kl 0.1 N AgNO; (DaelJung,
Siheung, Korea)= AZAo] & wj7}2] 274 1T},

NaCl(%) = A x 0.00585 x F xD x 100 x1 /S
: Consumption of 0.1 N AgNO, (mL)

: Factor of 0.1 N AgNO,
: Dilution factor

wvg T o>

: Sample volume (g)

<

AGEred @z y =A9
(Colorimeter, CR-210, Minolta Co., Japan)E ©]&
Hunter®] L, a, b, AEZLO.Z 33] Wk =A3slo] FFghs
B i=

L
MEE

M
AU E-S AOACHH (AOAC, 1996)°] w2} H-2151%)
2 AE 0.5 g2 AFPAI 22 FHall 105°C dry
ovenoll A FFAIZl & FAE S48 23S A5
0.5 g= A&Fstod 550°CoA AH A & FAE =
At 2w AL Kjeldahl®d (Sin, 1987)2.2 Aojzl
Aol AaAFE Fstd AEsigleon 2AS
Soxhlet's FZW (Lee et al., 2008), I+ Henneberg
Stohmann 7l &5 (Kim et al., 2007)2.2 543150}

FEIgEy

222 (Wilson et al., 1981) A& 1g°ﬂ FHTE
7}8}al homogenizer® wlaste] wukek & 60°ColA 4
AZF Bt FE¢ v 94152 (3,000 rpm, 30 min)3te]
Sep-pak C 22 AAAZT}. 0.45 um membrane filter
(Millipore Co., USA)E I3t oJdl& HPLC (High
Performance Liquid Chromatography, Agilent, USA)E
olgste] EAsIeM SFEFEHOR ALlsom,
HPLC %712 Table 13} 722t}

404

710N

f+712HEA] (Palmer and List, 1973)2 A& 1gol 57/
FE 7kt FEA1R & 94521 (3,000rpm, 30min)st
o] 4 NS o3} (Whatman No.2)3FATh. Sep-pak C,3
Z AAAIZ] 3 0.45 um membrane filter (Millipore Co.,
USA)E o3} oJ4-S- HPLC (High Performance Liquid



Table 1. HPLC conditions for free sugar analysis

Table 3. HPLC conditions for amino acid analysis

Content Analysis condition Content Analysis condition
Agilent Technologies 1200 Series, Instrument Agilent Technologies 1200 Series
Instrument
ELSD detector Detector Agilent Technologies 1200 Series DAD
Column ZORBAX Carbohydrate (4.6 x 150 mm) Column Poroshell HPH C18 (2.1 x 150 mm, 4 pm)
Solvent 85% Acetonitrile Column temp. 40°C
Column temp. 30°C A : 10 mM Sodium phosphate Di-basic :
Flow rate 1.4 ml/min 10 mM Sodium tetraborate ' 7H,0
Injection volume 5uL Solvent = 1:1 pH 8.2 (adjusted with phosphoric acid)
B : Acetonitrile : Methanol : Water (v/v/v)
. . . . =45:45:10
Table 2. HPLC conditions for organic acid analysis
Time (min) A (%) B (%)
Content Analysis condition
0 98 2
Instrument Agilent Technologies 1200 Series 5 04 6
Column Agilent Zorbax SB-Aq
" (4.6 mm x 150 mm, 5 um) ? 72 28
13 60 40
Solvent 20 mM NaHPO, : ACN (99% : 1%)
Column temp. 30°C 15 40 60
Wavelength UV 210 nm 15.1 10 2
Flow rate 1.0 mL/min 7 10 20
Injection volume 5uL Absorbance UV 338
Flow rate 0.35 mL/min
Injection volume 5uL

Chromatography, Agilent, USA)E ©]-&3lo] £33 2
™ HPLCZ71-> Table 29} 2T},

weloto| mihEA

frelolr) =4t #4249 (Ohara and Ariyoshi, 1979)2 A&
0.5 goll TFTE 7H8te] 60°CellA 4 AIZF 5 -, o
AE2] (5,000 rpm, 15 min)dted AoZ A5 10 mLol
sulfosalicylic acid 25 mgS F7Fste] 4°ColA] 4 A|7F &
QF XA T At @l T8 AlASIT.
Tl o] Fo] AAE 45NS 0.45 um membrane filter
2 oFsle] A& NS Agilent amino kit AJ2FOZ F=A]
3} AlZ1 & HPLC (High Performance Liquid Chromatography,
Agilent, USA)E °©l&3td 43Itk g2 FiT
Ho2 Albstal ow, HPLCEA2 Table 33} 1},

Ergosterol E2H=4]

Ergosterol ¥4 (Yun et al., 2020) A& 5 gof] o&ke
100 mLS 7F8kaL 80°ColA 1 A7 8753 5, 459
< F3taL At oflehE 100 mLE 7hsted 80°CellA] 1
AZE FRFEIINAT. FEES D o] oflghE 20 mL
o} s 10 g& 7hsEaL 80°ColA 1 A7 & =
% Aste gl SF74 50 mLS HrFeln 2 %, Sak
50 mLAS 3 9 28 ate] A 5 FHal o A $
WEke 2mLE %4 HPLC (High Performance Liquid
Chromatography, Agilent, USA)Z =7 3}5tH(Table 4). $F
F N EFHOE AL

T y—

B-Glucan &4

B-Glucan T (Kim et al, 2016)2 Megazyme kit
(Mushroom and Yeast B-glucan Assay Procedure K-
YBGL, Megazyme, Ireland)E ARE-3te] & 237 +
St & g-glucan g wiA] B-glucan 7 FatSiTt.

Z FF7H 100 mesh®Z 43 A& 100 mgS FE
o 3k 37% HCl 1.5 mL& 713k F 30°C & 7]0A
45 ®2F Faletdct. EalE ARl S/ 10 mLg 7t
3t vortexing3lal 100°CollA] 2 A7k 7183 & FEE
Ao g sttt =L ¥ 2 N KOH 10 mLE 7hstar
200 mM sodium acetate H5Y-S ARE-3Fe] 100 mL 4
&3 & AT 2 v 445 0.1 mLell 200 mM

Table 4. HPLC conditions for ergosterol analysis

Content Analysis condition
Instrument Agilent Technologies 1200 Series
Column Agilent XDB-C18
(Method development kit, 4.6 x 150 mm, 5 um)
Solvent 98% Methanol
Column temp. 28.8°C
Wavelength UV 280 nm
Flow rate 1.0 mL/min
Injection volume 20 uL
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Table 5. Salt content in Lentinula edodes soybean paste and
spread jam using Lentinula edodes soybean paste

TG - A - A

Content (mg/100 g)

Samples
P salt
Commercial soybean paste 9,800+298"
Low salt Lentinula edodes soybean paste 5,100+134
Spread jam using low salt 27004211

Lentinula edodes soybean paste

YAll data were presented by meanststandard deviation.

sodium acetate ¢FZel =<1 exo-1,3-B-glucanase?} B-
glucosidase 0.1 mLE 7}8}al A1¢F /92 acetate $+%
! 0.2 mL, D-glucose ¥ D-glucose &5 0.1 mL3}
acetate 4= 0.1 mLE 7Fsle] T3 & 40°CollA 60
= e wEEkn. HE 98l glucose  oxidase/
peroxidase &% (GOPOD) 3 mLE 7I5}3L 40°CeollA] 20
B U &, 510 nmolA] §EEE 9SG

a-Glucane 100 meshZ 43 A]E 100 mgs FHo
#3522 M KOH 2 mLS 71ste] 20 #7F wnbsint.
I % 12 M sodium acetate 45 8 mLE 7}sle] mwt
3l & amyloglucosidase®} invertase 0.2 mLE 718} 2yt
&P 40°CellA 30 27F WhEakTh. 2 T, s 0.1
mLel 200 mM sodium acetate <4 0.1 mL, GOPOD 3
mLE 7FFaLl 40°CollA 20 &7F ¥ES- 5, 510 nm S-3=°]
Al SA AT

8L AR A

zyede] Mg 4% A= Table 654 2ot tix
T2 AR A FE S L E)E 25.92, a(FA %) 7.83,
b(FA %) 122302 YElsth AlEAS A9 e
S v E W 29.032.2 ¢ & HEE Yephlon,
AFxzy e gert 7P =4 JEbsTh A e
FAT = ATl 7 =A YElsTh 4] M=
of gt 7]& AolMe AlHEES] L(HE)w 52.2~
55.00, a(AME)E 0.03~0.62, b(EME)E= —0.74~2.7%
1B E v} 9lof(Ahn ef al., 2012), ¥ A2} x}o] 7} AR
=, ole F5UTFe FA7MlEdd wep Akl a4
o] zpols} opni_FtE R WkS-o] FAQ) T3} oju|i
2F ALke] Apol7t Aol S FATE 71| A4
o} -2 A1 o= AW7HETH(Lee ef al., 2002).

L

UM E B

AlRE, AERTHY, AFEAGS SEot Fgs
zZH =] U A AF= Table 73 2l 7
o] A9 AFBEIEZ] 61.87%F AlFHE 7 (58.87%)E.
o} A4 Jepgon, @gAZE =ML 69.32%F LERGE
oh 2o 220 2 3RS G g rEgu) Al
Aol 242t 19.14%, 2.36%, 8.01%% =4 UEton,
A DT Y AN 421%E 7P EA4] A E

A=, ol I =AM HrbE AEA 1A 9
gl Aoz HRlt. VMAFHAAES AYriaEFo]
11.97%% 7P =7 vepstth. 9387l dubgdi
< Jung 5(2004)°] R AlBEAL] RS (46.6%
53.7%), ZTHE  3eF(9.4%~10.1%)F 25 T
(1.2%~22%)Ec} B =74 YERsth. AF3388]

A gheke Park 5(2000)2] AE5EAL] Ha AW

FE 8.0%ths Bairt) A vebgth webd 2 A

= A
NWEY, AAETEY 2 AYEDRGE D49 B Pl AxE AQRTHRS Dadshae] 3 4w
Frzh e A 54 ZF= Table 59 2t A= Fol ¥ SAHE 7L e Ao AzbE
=4 A3, A9ErEFde] A= 5,100 mg/100 g&
2 9,800 mg/100 g AlHAFR T} o Aoz vpelto FElg g
H AGRILEGS ARt Alxd AFSZd =S AR, AdErEd, AdErEdS 288 A8
2,700 mg/100 g& & EbTH, zH =] F2F $hEFS Table 83 Z2th. AlFE o)A
+ glucose, fructose, maltose 3 £2| Feldo] AEHA
M ou}, B3 37k AQETEAE Hio) felR
AT, APy ed, ADTEGS S8k g4~ A E-Cl arabinose®} fucoseS X8l & 5 F9 FET
Table 6. Hunter’s color value of Lentinula edodes soybean paste and spread jam using Lentinula edodes soybean paste
Hunter’s value
Samples
L a b
Commercial soybean paste 25.92+1.23" 7.83+1.71 12.23+0.32
Low salt Lentinula edodes soybean paste 29.03+0.89 5.42+0.91 8.42+0.78
Spread jam using low salt Lentinula edodes soybean paste 34.26+1.54 4.06+0.31 4.36+0.21

YAll data were presented by meanststandard deviation.
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Table 7. The proximate composition in Lentinula edodes soybean paste and spread jam using Lentinula edodes soybean paste

Proximate composition (%)

Samples . Crude Crude Crude Nitrogen
Moisture R
protein fat ash free extract
Commercial soybean paste 58.87+0.19" 19.14+0.19 2.36+0.19 8.01+0.36 11.62+0.48
Low salt Lentinula edodes soybean paste 61.87+1.24 17.14+1.04 1.14+0.02 7.88+0.26 11.97+0.37
Spread jam using low salt
69.32+1.11 15.32+2.07 4.21+0.32 4.82+0.02 6.33+0.17

Lentinula edodes soybean paste

YAll data were presented by meanststandard deviation.

Table 8. Free sugars content in Lentinula edodes soybean paste and spread jam using Lentinula edodes soybean paste

Free sugar, content (mg/g)

Samples
Arabinose Glucose Fucose Sucrose Fructose Maltose Total
Commercial soybean paste - 7.4+0.1" - - 2.30.0 3.1£0.0 12.8
Low salt Lentinula edodes soybean paste 2.310.0 8.7+0.1 2.6+0.0 - 1.6£0.0 2.1£0.0 17.3
Spread jam using low salt
Lentinula edodes soybean paste 12.3+0.1 27.7+£0.2 4.3+0.0 12.6+0.1 34.1+0.3 3.2+0.0 94.2
All data were presented by meanststandard deviation.
ol A=Ht. AFAZY =L HtE FAR ¥ tartaric acid T 4 T F71Ato] ASHAT AR
o= 6 F FEFel AEHNLH, T FET FFS T AN FFE 115mg/ge® UEsten A9xE
AFQHIAGS S8 AT =AM 7P =AU 42 108 mg/g, AT HEALS 72 mg/goE Ve
Bt AERAS AR FHUT FHS 421 ~ ) Jeong $(1998)S AN B f714F BAA
24.19 mg/geIR 2™, glucose®] &&Fo] 7HE =A YERE  citric acid®] &0l 109.9~196.5 mg%= 7MY B &S
th= 71& A7(0h ef al,, 2009)9F & A7+ Ao frAb FSL ool BAlste] & Agrdael frAkskdon,
Ae uglon, B4 gloses DR 54 A4 5 7R e Aok B wEw, 9= NI, 4R
sucrose®?] 7SR AAETE Bueh dAsiitk ol EAlste vid=e vk, 4 B Sl 92 T
(Park et al., 1995). A= AoE A Jr}t. B AFZAH {74 deke A
7b8 E3 5 PARSe] 9L nH Aow BeET,
K718 gr
FAALE AN ARAE Bl s, A AA, ROl B

Hog g 7 75 Asle] &5l Atk °‘atl?<4 AU
(Murray R, 1988). A|ZHE, APz 2 AAFEL
S &8s dFazy e §71A 5 24 A

=
= Table 99} At} B4}, acetic acid, citric acid,

ANBEE, AE9ireyd 9@ AAdxrEgds &8s =
A= Ao fEobr|egt e 4% Ade
Table 102} 7o}k, A|FEAo] F8 oln =2k histidine

16.61 mg%, glutamic acid 6.79 mg%, arginine 5.09 mg%

Table 9. The organic acid, content in Lentinula edodes soybean paste and spread jam using Lentinula edodes soybean paste

Organic acid, content (mg/g)

Samples Acetic Citric Tartaric Succnic Lactic Total
acid acid acid acid acid
Commercial soybean paste - 11.3¢0.1"  0.240.0 - - 11.5
Low salt Lentinula edodes soybean paste - 10.5£0.1 0.3£0.0 - - 10.8
Spread jam using low salt Lentinula edodes soybean paste 0.9+0.1 3.2+0.1 1.7+0.1 1.4+0.2 - 72

YAll data were presented by meanststandard deviation.
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Table 10. Free amino acid, content in Lentinula edodes soybean paste and spread jam using Lentinula edodes soybean paste

Content (mg%)

Total free
amino acids Commercial Low salt Lentinula edodes Spread jam using low salt
soybean paste soybean paste Lentinula edodes soybean paste
Aspartic acid 0.83+0.05” 0.84+0.03 1.05+0.07
Serine 2.78+0.06 2.88+0.04 1.7940.06
Glutamic acid 6.79+0.41 9.31+0.27 7.57+0.42
Glycine 1.21+0.03 1.27+0.01 0.54+0.01
Histidine 16.61+0.44 20.72+0.51 17.90+0.2
Arginine 5.09+0.02 4.25+0.05 3.89+0.01
Threonine 1.86+0.06 1.87+0.02 1.27+0.02
Alanine 2.62+0.11 2.74+0.07 1.94+0.05
Proline 0.42+0.02 0.27+0.01 0.50+0.02
Tyrosine 0.84+0.07 1.24+0.04 0.86+0.02
Valine 1.36+0.03 1.30+0.02 0.88+0.01
Methionine 0.34+0.01 0.33+0.01 0.28+0.01
Lysine 3.14+0.08 3.62+0.11 1.94+0.04
Isoleucine 1.04+0.02 0.88+0.01 0.59+0.01
Leucine 1.79+0.02 1.51+0.04 0.76+0.03
Phenylalanine 2.54+0.02 1.78+0.03 1.25+0.01
TFA" 49.26x1.08 54.81+1.17 43.01£1.04
EAA? 28.68+0.66 32.01+0.67 24.87+0.8
EAA/TAA (%)’ 58.23+1.02 58.41+0.11 57.83%1.17

n TFA, total free amino acid.

? EAA, essential amino acid (Thr+Val+Met+le+Leu+His+Lys).
? EAA/TAA (%), essential amino acid/total amino acid.

9 All data were presented by meanststandard deviation.

TOo 2 A JEieH, & frElohr=at R 49.26
mg%, Zobu| =2t SRS 28.68 mg% = UERSTE A A
BEaEAS] F8 fElopu|Ake AldEAAT HSEHA
histidine 20.72 mg%, glutamic acid 9.31 mg%, arginine
425 mg% w2 A Uesern, & fohr =4t 3
FZ 54.81 mg%, B opr| At RS 32.01 mg%s K
Aot B3] F feElopu| =t S vlwdt A9 15
HAS A7k AFF 80| felotn =it sheFo] Al
el fEohr At SRR =4 UEst. 8=
gege] & Frelohn|eqt SHFS 43.01 mg%E e
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® uk 3=Hl (Lee, 1973), o1& & 72348} AfolE B
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LERAI AR B4, 5437174e] Zpo|7t 9
Qlo 2 A7 g ti(Jeong et al., 1998).
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Table 11. Ergosterol content in Lentinula edodes soybean
paste and spread jam using Lentinula edodes soybean paste

Content (ug/g)

Samples
Ergosterol
Lentinula edodes 0.17+0.01”
Commercial soybean paste -
Low salt Lentinula edodes soybean paste 0.02+0.00
Spread jam using low salt 0.0540.00

Lentinula edodes soybean paste

YAll data were presented by meanststandard deviation.

Table 12. B-glucan content in Lentinula edodes soybean paste
and spread jam using Lentinula edodes soybean paste

Content (mg/g)

Samples
B-glucan
Lentinula edodes 365.34+9.73"
Commercial soybean paste 3.21+0.14
Low salt Lentinula edodes soybean paste 24.27+1.02
Spread jam using low salt 52144271

Lentinula edodes soybean paste

All data were presented by meanststandard deviation.
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A7 Zpe)Ade] g0 = o ddstEs d oA HIE D,
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