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Physicochemical Properties and Quality Evaluation of Soybean

Paste (Doenjang) Produced with Sap of Betula platyphylla

Da—eun Seol

Department of Food Science and Technology, Pukyong National University,

Busan 48513, Korea

Abstract

This study is to develop functional soybean paste by adding sap to soybean
paste (Doenjang), a traditional fermented food in Korea, in order to increase
the usability because there is a limit to intake except for the method of drinking
sap of Betula platyphylla which has wvarious functional and physiological
activities. Therefore, the physicochemical characteristics and quality of
soybean paste (Doenjang) added with sap of Betula platyphylia were evaluated
and the usability of sap of Betula platyphylla was investigated. The physical
and chemical properties of soybean paste(Doenjang) were compared by
measuring general components, pH, color, salinity, and acidity, which are the
main quality indicators of soybean paste(Doenjang) with sap of Betula
platyphylla. To measure antioxidant activity of soybean paste(Doenjang),
DPPH radical scavenging ability, ABTS radical scavenging ability, total phenol
content and total flavonoid content were measured and antioxidant activity was
compared. In addition, amino acid nitrogen, free sugar and organic acid, amino
acid, and volatile flavor components were analyzed by GC—MS for quality
evaluation of soybean paste (Doenjang) added with sap of Betula platyphylla.
The results of the comparative analysis of volatile aroma components and the
study on the characteristics and effects of the food quality of soybean

paste (Doenjang) added with sap of Betula platyphylla showed that the side

viii



with sap of Betula platyphylla had an effect on the richness and rich taste of
soybean paste (Doenjang) and the sap of Betula platyphylla contributed to the

good flavor and taste of soybean paste (Doenjang).
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Table 1. The manufacture mixture ratio of the Doenjang fermented the sap of Betula platyphylia

feir Whole
Meju ~ Water Barley psggd Salt Malt red Jujube Sap

powder e
ControlV 7.5kg 15L  400g 400g 3kg  400g 24ea  27ea =9
Doenjang” 7.5kg 10L 400g  400g 3kg 400g  24ea 27ea 5L

V" Doenjang without sap.
2 Doenjang fermented the sap of Betula platyphylla 5 L added.
¥ Not added.
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Control Doenjang

Fig. 2. Photograph of soybean paste (Doenjang) produced with sap of Betula platyphylia
and without sap of soybean paste (Control)
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(Whatman No. 2)2 oJz® &9 10 mL & FH3 T 10% K2CrO4E 1

ml A7} & AgNOsZ olgste] HA AAste] ofzje] Aol A gate]

100

21l (%) =0.00585 X T X F x D x —~

T:0.1 NAgNO; €99 A4 An]=F(mL)
F :0.01 N AgNOs3 %‘@1]9/] 9:}7]'
D : 34 ¥ (%)

S+ AR AAH (2

= A3 10 gol 755 718 homogenizer® 23} 3
Swrs 7kl 100 mLE g8 itk A 3heh §o2 oA = o 73k
<, A 1% HAsxzegel £ (Acros Organics; Morris Plains,
USA) 0.5 mLE 7}st th% 0.1 N NaOH §Ho & Fg o] &= w7t
Al 30%1F AAste], I AvjFe A o R gteto] FAE (%, wiv)

o2 HEAISIH

z\j

Jm
M

3

2.2. £8333

221. pH=



A8 4 goll =FF 40 mLE 7Fel 2 whksk the %% A5 pH

v

"

st th. pHE pH meter (Orion star A211; Thermo Scientific™, USA)

% o] g3l ZHatgt

222 AT =3H
HAo] M= HA Alg 5 cellol] Yol 15 #H & AMx1A (Reflactance
Tintometer ; Lovivond® RT—-300, UK)E ©]&3t% Hunter value®

L (lightness), a(redness), b(yelllowness) 2 33] Wk =74 3}o] %

o,

EiRdec

2 etk o] wf AFEE FF WS L=96.90, a=-0.10, b=-0.209]
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ket gl oA R o & n[A 25 mL FH3te] 0.1N FASIGEF
§NOo R pH8.47HA AA Frh of7]e] 20mLe T4 = NE 71s

I B 0.1 N FAstUER 903 pH 8.47F H=F T3t 443 F,

MER ZRE] U HE APS AAst] vg Aol weh Astar,
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A—B)X14XF
ofu] =AM A A (mg%) =( ) 5 x 100

A E AFo) &nv]%E 0.1 NNaOH €99 mL 4
B: vlgA & o] 2H]%E 0.1 NNaOH €99 mL 4
F:0.1IN NaOH &9 &xA44

SHREEEE:

Jo
A
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o
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1
|
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S
)
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M
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o

1 (Korean food standards

d

codex, 2012) ] ¢JA st &4t A A7 3 ARl 50% e

gl g shato] RAS FAF F, o] & 85°C FEoIH 2687 ke 3ol

sto] AlgERow  Frh fEd A AREE EFEFS glucose,
fructose, maltose, lactose, sucrose & 5% A4 3t Sigma—Aldrich
Co. (St. Louis, USA) 5B F3sto] AREeFlaL, A5 F5o ARE-3H
A A4+ (Samchun Pure Chemical Co; Pyengtaek, Korea) 4] ethanol

3} o]FAO Z ALE3F acetonitrile Honeywell B&J (Muskegon, MI,
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USA) =ZF¥ HPLC grade® T3t A3 ArEsiditt. &4 =31

t}-2 Table 2 YeERf ST}

2.5. 714 &4

F710 54L& AA7sHE w4 NE AE AEH (Korean food
standards codex, 2012) & T-AAF Ao 2 Aste] FA 6T A&
10 g& AYUsHA H3te] F=FF= 50 mL mass—up?d &, C18 cartridge
o] acetonitrile : dilution water(1 : 1) 49 10 mLE F&A1AH &3} Al
2%, ZtEYA W 895 AAste] &9 olojAM, A5 F 10 mL& 7}
o] 7] & 5 mLE AAT F YA §E24& £33 7, 0.45 im
membrane filter= ©]¥} & A|gdg Ao F s}, AAUFH7E 4] 7]
Ab 3heEe- HPLCE #8 A% shaith 214 nmelA AEson, ol 4
2 0.25 M KH:PO; 9L 0.6 mL/min 522 EHF1 20UE 5

6‘]—0% T,‘i—é‘} 6‘]—95\1:]' (Table 3) .

2.6. #rEotu] At SH

frejobu Al 3k (Song et al., 2006)9 o] whep obm] Ak

Az 7] (Hitachi Amino Acid Analyzer L—8900; Hitachi, Tokyo,

12



Table 2. Operating conditions of high performance liquid chromatography for
the analysis of free sugar

Instrument parameter

Condition

Instrument

Detector

Column

Column temperature

Solvent
Flow rate
Injection volume

Run time

Agilent HPLC system
RID

Carbohydrate High Performance 4.0 um

(4.6 mm x 250 mm @ Waters)
35°C

80% Acetonitrile

1.0 mL/min

20 uL

30 min
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Table 3. Operating conditions of high performance liquid chromatography for
the analysis of organic acid.

Instrument parameter Condition
Instrument Shiseido HPLC system
Detector PDA detector 214 nm
Prevail Organic acid, 5 um
Column
(4.6 x 250 mm)
Column temperature 40°C
Mobile phase 0.25 M KH3PO4 = Ph 2.4 ()14tC. %)
Flow rate 0.4 mL/min
Injection volume 10 uL
Run time 30 min

14



Japan) & AFgE3te] A EAHOZ EASTE 0.22 ym membrane

filter® ojabgt A& 20 pe Fdsklom, HE &2 proline® 43¢

570 nm, T& ofv:=Ake] A9 440 nmellA FA ST ofn| A &

M

g2 Type AN IO, Type B (Wako; Wako—shi, Japan) & 50 : 50 (v/v)

o% e 9 ALEUTH Table 4).

2.7. 7oAt &7

T ot $42 4 Axd AR 0.1g& FH3] 0.6 NHCLE

3 mL 7}ste] 79 UEst = 110TC 2 heating block A 24A1%F o]

o

ZdeEset oS, vt BEelE AlE 20 WS sodium dilution buffer 990
W= syringe®] filtering3t ¥ amino acid analyzer (Hitachi Amino Acid

Analyzer LL—8900; Hithachi Co, Tokyo, Japan) & ©]g3sto] A= A3+

th(Table 4.).

\}
(00]
rﬂd
)
nﬁ
Ay

g

dgel AMgE AMEE B8 20 g A Axste] BEE J AR 1 g
= FAM T 40mLa EF3eto] &= Fx 40T, 150 rpmollA 4A13F

Zol e ¥ AAEE (4,000xg, 15 min)3Fo] A AFS NS of 9}5}o]
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Table 4. Analytical condition of high speed amino acid auto analyzer (L—8900)

Instrument parameter Condition

Model Hitachi L—8900

Injection volume 20 ue

Mobile phase PF-1,2,3,4,6, PEF—RG, R—3,C-1

Color solution Ninhydrin (Wako, Japan)

Column Ion exchange column(4.6 mm x 60 mm)

Type ANII, Type B mixture (Wako, Japan)
Standard solution

Amino acid standard solution, Type H

Column temperature 50°C

Reactor temperature 135°C

16



(No.2, Advantec; Toyo Roshi Kaisha, Japan) €< o34S —-20TCe]

Byeta 5 A A3 A AW AREsHAH

2.8.1. ¥F H=(TPC) ¥ F EIRo|=(TFC) &4

% o

Rt

22 Folin—DenisH (Futfinger et al., 1981)S W& slo] &
ARk @ o3l 0.1 mLel 1 N Folin & Ciocalteau reagent
(Sigma—Aldrich Co.) 0.5 mlE H7}stal AoA 3&3F & th= 7.5%

NayCO3 0.4 mLE 7} 5 AolA 30&Zt vEgAIZ T ] 760 nmel

(Sigma—Aldrich, USA) & %5 EAF 3l I HA3FEA oz AAarsitt.

T ZgtH o)t &S (Moreno et al., 2000) 8] WH S X W sho]
A8k 94 93 0.1 mLel THF5 0.3 mL % 5% NaNOE H7b

5 5EZF WXE 5 10% AlCl; 0.03 mLE 7beta & &3tsl & Ao 5

AM FFEE FAsAT. AR § EFHEolE IS Quercetin

(Sigma—Aldrich, USA) & %5 EZE 3o I HAFA oz AAakstditt

2.8.2. DPPH HZ £2A%F 573

7+7}o] "©3 A w9 DPPH(a, «—diphenyl—picrylhydrazyl) radical

0]
=

o

27152 (Senba et al., 1999) 2 wH Wy sto] A8 0.2

u
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mM DPPH £9(2,2'-diphenyl—1—picrylhydrazyl, Sigma—Aldrich,

USA) 800 e} ®74 o3} 200 ut 5 EHdt] A2olM 30 WA

0

g

¢

t$low, DPPH

v

radical 271 (%) ArA S T3 2t

) . Absorbance of control — Absorbance of sample
Scavenging activity(%) = Absorbance of control x 100

2.8.3 ABTS #HZ &2AF 53

&

ABTS radical 24%< Pellefrini et al.(1999)2] HH & HEAH o7

H3to] EA5F Y 2.4 mM potassium persulfateE ¥33= 7 mMO

2,2'—amino—bis (3—ethylbenzothiazoline —6—sulphonic acid (ABTS,

Sigma—Aldrich, USA) & Azt & Ao A] 16A17F FH-5-A17] v 734

nm oA FFE F= 0700 £ 0.0050.2 BAGsto]l A3 ALkt

FE A (UV1800; Shimadzu, Japan)& ©]-&3}o]

S48k, dxwozes AR dAl FEo AR

&S ARSI ABTS radical 27% (%) A4S &3 2o,

) . Absorbance of control — Absorbance of sample
Scavenging activity(%) = Absorbance of control x 100
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2.9. GC—MSE o] &3 dF9 3 37 A& 74

Dynamic headspace analysis®< synthetic chemicals 33t Tenax
column®] 2% purge & trap &35 o]&sto] ] LA 773
= (Volatile organic compound; VOCs) & 743t} 250 mL serum bottle
o Al& 5 g & Z+ZF H3 F Dry oveng ©]&3d] 50T %A 30&
&<t equilibrium AAFUY. I H5o® kA F2Z HEZE o] &sto]

100 mL/min®] 207 5E7F Tenax tube®] headspace? Volatile

ok
D

[e)

&
compounds& A& FHA|AH FAG FA]Z1 Tenax tube® GC—MS
(QP2010+; Shimazu, Japan)°l A4¥ A&EA==27](ATD650; Perkin

Elemer, USA) & &3l ©A] &&sto] GCol FUAIZH T (Table 5.).
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4. TAAY

0

tol Fagtow verdglon A

Aol BE UYPS 38 B 27

¢

Azkel =4 8= SAS 9.4 program (SAS Institute Inc; Cary, USA) <
Abgeto] Aoty ZFEdExE Fedith AY A3 {od AAS
Duncan’s multiple comparison testE &34 FY5 (P < 0.05) oA Al

B2 f9 A 2AS sk

20



Table 5. Analytical condition of GC—MS (QP2010+)

Model

Shimazu QP2010+

Oven temperature

35T (10 min)
— 8C/min=1207T (10 min)

— 12C/min—80°C (7 min)

— 15C/min—230C (10 min)

Column

Column pressure
Interface temp.
Detector temp.
Mass range
Carrier gas

Mass filter type

AT1 (60m>*0.3 mmx 1.0 /m)
15.9 psi

230TC

250C

20~350 m/z

He (99.9999%)

Quadrupole

21
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Table 6. General component content of soybean paste (Doenjang) produced with sap of Betula platyphylla

(Unit: %)
Moisture Ash Crude fat Crude protein Carbohydrate
Control 54.1%0.1 1 28 032 3.0+0.0 12.1+0.3 18.7
Doenjang 61.2*0.1 12.7+0.1 3.5+0.0 9.8+0.7 12.8

*Mean+SD (n=3)
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Table 7. Acidity and Salt contents of soybean paste (Doenjang) produced with
sap of Betula platyphylia

(Unit: %)
Acidith Salt contents
Control 2.47+0.132 Y 11.68+0.33°
Doenjang 2.11+0.10° 10.79+0.08"

*Mean+SD (n=3)
D a"d\Means with different letters in superscripts are significantly different
(P < 0.05) by Duncan's multiple comparison test.
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54 A3+ WEE WEll+= Hunter L2 A8 (Doenjang) 7F Bl =%

a|

o Alz Zhef Zpo]E H AT HWbH a, b #2 Controle] A o= ¢

1

=4 WeEbst o= Controlo] AH2UE ¢4 H7F dZRG ofFil, 4

G S MR = Aoz wAY. AdG(Doenjang) 2+ Control®] M E= A
Z A 959 F7, d5 9, g 7|k 2 [fEZEHRH o] uwel Zolrt 3l

S A (Park et al., 2016) 02 Az €},

14, obvleAty Ax §%

oAt Aas AlE AR T I @de] e aadgoR Tt

M

T weHo] AEE B e vl 9¥%e Fe 24 Fa% &

25



Table 8. pH and Color of soybean paste (Doenjang) produced with sap of Betula platyphylla

pH L (lightness) a (redness) b (yellowness)

Control 4.59 = 0.01*"Y 21.73 £ 0.42° 5.82 = 0.08* 13.99 £ 0.32°

Doenjang  4.81 * 0.01° 281520 [ 1.80 £ 0.04° 12.11 £ 0.52"

*Mean+SD (n=3)
D a=bMeans with different letters in superscripts are significantly different (P < 0.05) by
Duncan's multiple comparison test.
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Table 9. Free sugar components of soybean paste (Doenjang) produced with sap of Betula platyphylla

(mg / g)

Fructose Glucose Sucrose Maltose Lactose
Control - 1.33 — - -
Doenjang # 3.03 1.19 - -

D' Not detected.

Table 10. Organic acid components of soybean paste (Doenjang) produced with sap of Betula platyphylla

(mg/ g)
Formic acid = Citric acid Malic acid Lactic acid Acetic acid
Control 4.29 2.84 13.20 21.93 0.24
Doenjang - 1.07 5.88 24.20 7.74

D' Not detected.

30



¢ acid, Threonine, Serine, Glutamic acid, % Alanine®] A}

TFAS HUESE Fy ol Ak @R A oA daFo] Ry
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Table 11. Free amino acid components of soybean paste (Doenjang) produced
with sap of Betula platyphylla

(Unit : mg/g) Control Doenjang
Phosphoserine 0.214 0.285
Taurine 0.175 =D
Aspartic acid 1.094 1.903
Threonine 0.525 1.403
Serine 0.051 1.591
Glutamic acid 0.143 1.251
Sarcosine 0.060 -
Glycine 0.893 1.290
Alanine 3.204 4.237
Valine 2.139 1.678
Methionine 0.549 0.266
Isoleucine 1.589 1.835
Leucine 3.835 3.112
Tyrosine 1.854 -
Phenylalanine 2.167 1.400
Ammonia 1.335 0.724
Lysine 3.235 3.642
Proline 1.626 1.977

D' Not detected.
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Table 12. Composed amino acid components of soybean paste (Doenjang)
produced with sap of Betula platyphylla

(Unit : mg/g) Control Doenjang
Aspartic acid 4.168 6.116
Threonine 2.553 1.261
Serine 1.100 3.025
Glutamic acid 4.043 9.478
Glycine 1.696 2.433
Alanine 3.464 3.506
Cystine 0.689 1.769
Valine 3.125 2.698
Methionine 0.337 0.281
Isoleucine 2.841 2.229
Leucine 4.823 3.855
Tyrosine 1.962 1.034
Phenylalanine 3.026 2.582
Lysine 3.548 2.716
Ammonia 2.035 1.580
Histidine 1.160 0.513
Arginine 0.983 3.415
Proline 3.118 5.577

D' Not detected.
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TPC 4 TFC =4 %2 Table 13°] YeRglth & o A2ty 5
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2.2. DPPH radical scavenging activity

DPPH (1,1 —diphenyl—2—picrylhydrazyl)+ 517 nmeolA EA A< %

TE HEle BepAe] stads 2 w78l we- b sk, Akst

&

=]

AA AEE =8 4 9} (Kang et al, 2001). DPPH &0z 2A% =
S v

g A3 (Table 13.) Az oA @A ste Fatsksol 9

Row B 5 9t

2.3. ABTS radical scavenging activity
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ABTS &)zt 274 A& Table 139 Yebd k3 2ok 99 wpzbrt

e}

A2 Controlo M Eth Ap2; b FelS H7belE &o] v Akst 240

ox At 229 84 & AR B4 23 5 37F9 SEE
o] gelx 2t} (Table 14—16.). 22 alcohols 10%, acids 105, esters 7
%, aldehydes 4<%, ketones 3%, Other aliphatic compounds 2%,
Aromatic compounds 1%°|t}, ®©Ae] &7 AHAE 4 A3} alcohol¥}
acid =0l =71 YERSth Alcohol® T B2 WAE 2= ethyl
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Table 13. Total antioxidant activity of Soybean Paste (Doenjang) Produced with Sap of Betula platyphylla.

TPC (mg/L) TREE DPPH (%) ABTS (%)
al) a a

Control 054 + 001" 0.49 + 0.02 30.1 £ 050 50.6 + 0.01
Doenjang 0.81 + 0.01 0.76 = 0l02" 91.7 + 0.35" 70.2 £ 0.05

*Mean+SD (n=3)
D a="\eans with different letters in superscripts are significantly different (P < 0.05) by Duncan's multiple

comparison test.
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Table 14. Alcohol, Acid compounds analysis of Doenjang fermented the sap of

Betula platyphylla.
Combounds oD Peak area (x10°)
Control Doenjang
Alcohol (10)
Ethanol 5.58 4906.0 1845.6
2—Propenal 6.22 83.9 57.3
1—Propanol S 147 46.1 57,3
Isobutyl alcohol 11.85 175.8 33.3
1—=Chloro 2—propanol 14.73 33.5 10.9
Propylene glycol kG 445 1.3
3—Methyl 1—butanol 16.86 209.8 75.9
2—Methyl 1-butanol 17.02 1 583 24.4
1,2,3—Propanetriol 39.18 15.4 20.5
Acid (10)
Acetic acid 10.29 107.9 53.3
Propionic acid 15.10 24.0 10.9
Iso butyric acid 17.72 16.9 43.5
n—Butyric acid 18.71 68.4 42.5
2—Hydroxy propanoic acid 19.59 75.1 12.4
Valeric acid 20.42 24.6 234.1
2—methyl—Butanoic acid 20.76 21.3 47.3
Pentanoic acid 21.59 13.1 8.8
3—Hexenoic acid, ethyl ester 26.38 144.3 1.4
2,4-Hexadienoic acid, ethyl ester 31.65 18.2 56.4

U Retention time
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Table 15. Ester, Aldehyde compounds analysis of Doenjang fermented the sap

of Betula platyphylla.

Peak area (x10°)

Compounds RTY
Control Doenjang

Ester (7)
Ethyl Acetate 10.97 327.4 206.9
Ethyl propanoate 15.84 20.1 4.3
Ethyl isobutytate 17.86 61.0 43.5
Ethyl Z2—methylbutyrate 20.95 50.8 59.0
a —Ethyl aspartate 21.01 ST 32.4
Iso amylacetate 21.70 13.1 9.4
Ethyl cis—4—hexenoate 26.38 144.1 1.8
Aldehyde (4)

Iso butanal 7.89 30.3 57.3
Iso valeraldehyde 12.87 56.2 3.3
3—methyl butanol 13.41 38.1 0.8
Phenyl methanol 24 .51 12.9 6.7

U Retention time
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Table 16. Ketone, Other aliphatic compounds and Other aromatic compounds
analysis of Doenjang fermented the sap of Betula platyphylla

Peak area (x10°)

Compounds RTY
Control Doenjang

Ketone (3)
Acetone 5.95 294.5 184.1
Methyl ethyl ketone 9.59 19.9 12.8
v —Valerolactone 23.38 11.1 0.5
Other aliphatic compound (2)
Trimethylene oxide 6.10 17.Q 68.6
7-Chloro-1,3-dihydro=5-phenyl 1041 30.5 94 3

-2h-14-dibenzodiazepin—2-one tms de

Other aromatic compound (1)
Toluene 18.25 9.2 5.0

U Retention time
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Table 17. Aroma property components according to compounds of Doenjang
fermented the sap of Betula platyphylla (1)

RIY Compounds Aroma property
Alcohols

<800 Ethanol sweet

<800 2—Propenal acrid

816 1—Propanol alcohol, pungent

925 Isobutyl alcohol wine, solvent, bitter

1071 Propylene glycol sweet

1079 3—Methyl 1—butanol whiskey, malt, burnt

1084 2—Methyl 1—butanol wine, onion

Acids

879 Acetic acid sour

1023 Propionic acid rancid, pungent odor

1105 Iso butyric acid cheesy, rancid butter odor

1140 n—Butyric acid rancid, cheese, sweat

1197 Valeric acid sweat, acid, rancid

1209 2—methyl—Butanoic acid apple

1240 Pentanoic acid sweat

3—Hexenoic acid,
1422 ethyl ester cheesy
1643 2,4—Hexadienoic acid, sweet, fruity, tropical

ethyl ester

pineapple

U Retention index means Kovat's retention indices.
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Table 18. Aroma property components according to compounds of Doenjang

fermented the sap of Betula platyphylla (2)

RIY Compounds Aroma property
Esters
897 Ethyl Acetate pineapple
1047 Ethyl propanoate pineapple
1110 Ethyl isobutyrate sweet, rubber
1217 Ethyl 2—methylbutyrate fruity
1244 Iso amylacetate banana, pear
1422 Ethyl cis—4—hexenoate fruity
Aldehydes
806 Iso butanal pungent, green
956 Iso valeraldehyde suffocating
972 3—methyl butanol choking, alcohol
1349 Phenyl methanal bitter, almond
Ketones
860 Methyl ethyl ketone ether
1304 vy —Valerolactone herbal

U Retention index means Kovat's retention indices.
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