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ABSTRACT

The aim of this study was to develop soymilk in which raffinose and stachyose were effectively hydrolyzed through
enzymatic treatment and to assess the resulting soymilk’s physical properties, taste, and potential for alleviating dyspepsia
symptoms. Traditional soymilk (TS) was prepared without enzyme treatment, while enzymatically hydrolyzed soymilk (EHS)
was produced with enzyme treatment, with all other conditions held constant. Effective hydrolysis of raffinose and stachyose
in EHS was confirmed by high-performance liquid chromatography (HPLC) and reducing sugar analysis. Physical property
analyses, including specific gravity, viscosity, brightness, and yellowness, showed no significant differences between TS and
EHS. Although a difference in redness was observed, this variation did not affect the overall visual appeal of the product.
In taste evaluations, EHS showed increased sweetness and overall improved palatability without the addition of sugars,
attributed to the enzymatic hydrolysis of oligosaccharides like raffinose and stachyose, which elevated monosaccharide levels.
Additionally, participants who typically experienced dyspepsia symptoms from soymilk reported symptom improvement after
consuming EHS. These findings indicate that enzymatic treatment in soymilk production can yield a soymilk product suitable
for individuals who experience indigestion with traditional soymilk while maintaining favorable sensory qualities.

Key words: soymilk, raffinose, stachyose, enzymatic hydrolysis, dyspepsia

M E

e dTE 7heste] Az AFes nFde] ol
210] ?ﬂ—ogo-] th U7]7<1 =t} %_/,: x]u(} =
(Park JY 2018). Tt FuxH S| ghrEo] Ux
A7 =go] Hia, dHE7v fFEllsel Al ¢
AT F gle AFEES 79 dEFoE FR/E Avet
3 YTHLiu JR & Lin CW 2000; Han MH 5 2019). &3}
teFet AFE BAA The vy ﬁf—é%‘ Aol &
b om ksl 9 gizol e Guprl vk BuE Rl
ThMa Y & Huang H 2014; Yu HH 2016; Kumari M &
2022).

Tl FLES] i F(soybean)= THEIE AeldA &2
Eo| Tt FLeHH 77 Holu thekgt A EEe] 9

>

fCorresponding author : Tae-Hwan Jung, Tel: +82-2-3399-1831,
Fax: +82-2-3399-1952, E-mail: thjung@syu.ac.kr

22 A8 3 tkSedivy EJ 5 2017; Park JH & Kim GN
2023). 5= A F 80%7} giﬁm ko 2 A of
Aol AAA At ool =55 T FELL AlEY, o]
LZE 59 g EdEo] FFsH drE Ut
(Jeon KS & Park SI 2015; Lim SY 2016; Kim JS & 2019).
gk kst a3t e dE SEES 4?\5:3}01 = i
o] EAMZE siHES0] ol dom oidet, dud
3 2S5 A% dvld 237 ok IeA g
(Jeon SH 5 2005; Alghamdi SS 5 2018). th 52} T E A
PAFEol| W2 tfFol FHg Aol d9Y F4
& A5 e T AN £5E Fu, B Hekol
== 239 ¥3F high-density lipoprotein(HDL) 2] 2~
9 == =ola, TAXW 2 low-density lipoprotein
(LDL) =4¢ ]i HE9 vEv A2 F dvka Basdvt

2010; Kim AR & 2012; Chatterjee C & 2018).
= gatst 23 @T ZHEHE & A 0}, A


https://crossmark.crossref.org/dialog/?doi=10.17495/easdl.2024.12.34.6.414&domain=https://easdl.org/&uri_scheme=http:&cm_version=v1.5

34(6): 414 ~422 (2024)

G NN F e T ABY BAEC] Fralol
54 AFe) AR 8837 Forl FIEYF A7
g0l e Solel FUEE AYes g5 v %‘%
& 37 T e

7 Jo) HOM
sE Tﬂ W) Sobn itk
(Messina M 2010; Pratiwi RD 5 2022). Z28]v /& 7
22 UFE AH8sh7] Wl 23] =2 (raffinose) & ~E}7]
Q X(stachyose) 58| &2]11F o] ol 55 4 Eig
7t 29 Zukgl AglEek =4S 9wl 4= 9lo] o8

H wsle] 52 o2 AH|ER] Bal= 7471 ItHDesai A
S 2002; Park JY 2018). 2}9) =29} ~E}7] e A& ©dHel
22 E ~(galactose), Z2 E(fructose), =FZ2(glucose) =
FHE Sengolch g3 A LAelA 2sEdie] o
3 FelE A Fornw AstEes FEE F glon ole &
Abse]l FHE AHSA e Fa AoltiHou A §
2009; Urminska D 2022). 215< A& o 78] &408
A7vske A 54 A &l 0}71 el EIpH o AL
]D} PP0135 &4

ONEGP
4>

—

¢

2 ARSSlE 5 Xﬂf"ﬂ el
He Eﬁ:\?}. 3 PPO135 EAE 7I8EE] F&o] Holut
3 < 50T HFolA HA9 g8 Yepln pHE 243}
L 9y e e & 9lonz Aoz el vk

o A
Sfol AL AFEUZoR S22 AFeA Bale &
HIAEE $7E 43T & J=S LskEd S35 /s
| 913t AFEe] Bo| 3= THChon JW 5 2020). T3t
Ha¥ A7 ARES 28slo] F%(lactose)S A AT SE
2] F AL

-free milk product)E-°] Tw|F
Fo7t S7kehAAN HEZY 5 AF A%
AR 3L JKLee MJ 5 2024). o} FHE 229
° FZ 5 g0 oéo]:z‘ﬂ-zi _?‘_/]:H jui] 7]‘—H 2 7\/\],
Av dA8S] 245 tE2A st FH AlFe Az H
4 545 A dTE0] TSEElOiﬂ(Sung HJ 5 2022;
Kim SY 5 2024). JEM $HAE 23EF A4S A

A 5 e TR AFS ALE AP BL A Py
& AHgate] T AFS AESHE AT v @ Agolch
EY SEY R ABAY 23T B4 ANNY 5

Ein
PE FH AT dA WA FviElz UA &) wet
B 3= PPOI35 B4 AMEsle] gl 9 AE)

Raffinose®} StachyoseZ 7}5w-sllgte] 7|dst Ffe 54 415

1. ME M=

F AT AHESEA] g3 AYAFSH traditional soymilk(TS)$} &
A5 Aglste] A4St enzymatically hydrolyzed soymilk
(EHS)E= ArSu o] A M E(Gyeongbuk, Korea)ollA] #2351
ot FR/E AZste Aol TS gl Bl 2B e
25 71Ealsk7] 23] AHS-E PP0135 & 4= Novozymes
(Bagsveerd, Denmark)ol| 4] Fuljste] AR8-8l5 L ov] A&
23l PPO135 E4E AMSSH] A9k A 218 AAsIsith
B AelA PPOI3S &Ao] A A 84 WU v=
0.15%(w/v), HFS- 2= 54T, Wkg A7 602 A3
ow FA7F AMEE S A|Qsta TS EHSO A% =
AL 25 Z2A Agsisith

2. Hplc(High Performance Liquid Chromatography)
=4

HPLC ¥4 Z g N85 FH|s] 8 A8 0.5 mL
} acetonitrile 0.5 mLE 1.5 mL E-tubeol] ¥ 31 10337+ wyk
3tar 2047t sonications AAISFATE 1T 20% 3 wHt
3FaL VS-15000CFNII(Vision Scientific, Daejeon, Korea)®
13,500 rpmollA 5% Bt AAEesta AEHE F 6t
HPLC 4o AMg3l9ith HPLC ¥4 #H|:= Shiseido
Nanospace SI-2 system(Shiseido, Tokyo, Japan), HZ&7]=
Refractive Index Detector 101(Shiseido), Z % (column)
Waters NH, Column(300 mm X 3.9 mm, 10 pm; Milford,
MA, USA)E AHE3l9 o 2%& 35T AFelth ol&
’3(mobile phase) 70% acetonitriles AFH8-3}% 1L, &2
0.67 mL/min®.2 AAstH o A H2d Alg 15 lLE 5
Yato] 204 F<F HPLC A1 skl A= 24
Fagt FFEAQ ghuies @ ~E] 9 ~E Sigma-Aldrich
(St. Louis, MO, USA)ellA] Fufiste] AH&skdar, Als9] 2
oot RE| oA e RFEAS AMgsle] AW
AFAE 712 A EAs6h

Korea)©l| 4]
e 01%\:4/‘ T2 £ (alkaline copper reagent)@} =] H

dixk 2 F 29l (ammonium molybdate reagent)= A 2313



416 o]

o ddelgd el 892 Ax317] Y3l potassium sodium

== s
o T

25 mLol| EAIAA AleF AE A Z3FH 3L, copper sulfate
pentahydrate 0.4 g¥} sodium bicarbonate 1.6 g= 20 mLe| 3
F2 SIAAA AlF BE A x84 Sodium sulfate 18
g ST 50 mLoll &iAIAA AlF CE AxT F Alxd
Ak A, B B CE 8L 100 mL7t %S SHFE
gato] gy el S9S Aok EYEdit 4R
F 492 ammonium molybdate 2.5 g& 579 45 mLol| &
FAIAA Al DE A|Z3}a, disodium hydrogen arsenate
heptahydrate 0.3 g& S/FF 2.5 mLol| &3)A17] & sulfuric
acid 2.5 mLE H7}sto] Ak EE A|x3 5§ A9F DS ES
Eqste] Azt 4 ARl Sl FFe EAs] 9
& AlE 1 mLet 2B el £ 1 mLE 30337 £
F 100Ce] FeFzelA] 103 T-gAIZ T o] F HelExl
Ak bRt gol | mLE F7beka 3037 £33k 5 Optizen
2120UV spectrophotometer(Mecasys, Daejeon, Korea)S ©]&
3l 520 nmolA FRFEE S5t LGS EASIATE &
A 5ol T TS glucoseS AFESR] FAHE PSS
71Eom g EA6IH

tartrate 1.2 g2} sodium carbonate anhydrous 2.4 g2

-

y

401/ H«

. ol Wy (o o o%

¢

1 FRTe
Viscometer(Brookfield Ametek, Middleboro, MA, USA)<}
spindle No.1< ©]-€3}o] 10 rpm o2 3033t S|AA|A =4
H s ALgsanh 2 Al39] M EE Spectrophotometric
Colorimeter CM3500D(Konica minolta, Tokyo, Japan)E A§-
3 25199 2™ " =(lightness) L&k, 24 = (redness) adt 2

2HA & (yellowness) bake =735 \:}

AEtieta oty et 13Ee R TS B
EHS #A|#F9 7|a% H7F 2AME st 715% 37}
Al TS= 274, EHS+ 3682 2hdl® 3191 a1 £ F(appearance),
o WAl (sweet smell), ©]Z](off-flavor), F=2]&(smooth tex-

detolA AR = A7 (mouthfeel), T (sweetness),
gl Bh(nuttiness), Y& Bh(fishy taste) 2 A A2 7%
(overall preference) = 52 FEE ZASISITE 72} A& 7]

ture),

HoFA oF BAEREAERS

8 A=A I8l W) A0, o4 Lo

7 (524) 0k7 (6
k) “——‘(914)31
2t 2. el Teln ¢ Xl%A a i ﬂ»}rﬂ
2S4S A7 § o A 7

202407070003). 4 7 A3 Al LskE=F S0l e
991 thF o= EHS AlF2 o3& A4, A4 A Ate]
o 140 mLA 5-&3sH ster F 59 &< 8% H =
NA = dbed S4= Frtstanh askad 54

< 2Aee 352 H-5(stomachache), A Al(diarrhea), T 5
3k =7 (bloated stomach), 552 TH(abdominal distension),
Al(nausea) 2 A A A<l %’E} (overall symptom) 5 % 671
FEZ 0" HEY S o] &sto] didks] slE (1), wif- <
st (27, B8 sk (3H), okt st 2A), &bl (5
), 2B A" (%), B A %(7?@) o5 7= (84,
g7kstdct AT ezt

o Lo _|-1rU m

i

o,

E2 71EY] 9Rt T AES %%2‘;&% u LA A5}
Eo] S4¥% EHSE AAdS W 2ARA = astES S
< Huste] HEAE ATt 712 It Ff AR
AF S wje} vlasle] EHS Al &S AFH 3 5 2dEw 5
& 7Rl Zpel7t gl 75!%% 54, AslETF Soto] o3l
= ASE 143, 235 % Yol 7AE 5= 6~952
2 7} gEg Grketanh wgh 71Ee] Ak Ff AlF H
st EHSE w832 Wl AR = S35 FAZ = A
=3 sted EHS A|F<] &3t N 2395 7Kk

7.

SAEAL SAS/PROC GLM software(SAS v.9.1; SAS
Institute Inc., Cary, NC, USA) BA 238 o] 83} 1L
S FEEF AR YeERAQITE 2 24 3o tigh
BAA 7oL p<0.05 ol A Student’s t-testS ARE-3F

O:] 1‘@1 O}‘M

2 =

1. 2l A Y AEF|IRA Hat
HPLC 7% o] 83lc] AR W ghojiess 0 267 0
kS F ek BA6TKFig. 1). E4S AF88HA] &1 A%

SF TS A& =2 2 0.45£0.05 mg/mL, 2B} Q.
2> S-S 2.8740.22 mgmLE 2= 9 RE]| QY 1



34(6): 414 ~422 (2024)

)

250

200}

150

100}

Raffinose®} StachyoseZ 7}5w-sllgte] 7|dst Ffe 54 417

®)
250

200

150}

100

50

16 18 20

10 12 14 16 18 20

Fig. 1. The chromatograms of raffinose and stachyose analyzed using high-performance liquid chromatography methods.

(A) Traditional soymilk, (B) enzymatically hydrolyzed soymilk.
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Fig. 2. A comparative analysis of the reducing sugar
content of traditional soymilk and enzymatically hydroly-
zed soymilk.

TS: traditional soymilk, EHS: enzymatically hydrolyzed soymilk.
Values are meanstS.E. Statistical significance was analyzed by
Student’s rtest (" p<0.01).
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Table 2. Evaluation the palatability of traditional
soymilk and enzymatically hydrolyzed soymilk

Sample"
Attributes
TS EHS
Appearance 6.67+0.16% 6.24+0.17
Sweet smell 3.93+0.19 4.32+0.20
Off-flavor 3.88+0.18 3.8240.20
Smooth texture 6.25+0.21 6.11+0.15
Mouthfeel 6.26+0.17 6.11+0.19
Sweetness 3.04+0.19 4.18+0.22"
Nuttiness 5.4940.19 5.73+£0.20
Fishy taste 3.96+0.22 3.73+£0.20
Overall preference 5.1840.18 5.67+0.20°

D TS: traditional soymilk, EHS: enzymatically hydrolyzed soy-
milk.

? Values are meantS.E.

3 Statistical significance was analyzed by Student’s t-test (™
p<0.01 or * p<0.05).

Table 1. Physical properties of traditional soymilk and enzymatically hydrolyzed soymilk

Hunter color

Sample” Specific gravity Viscosity (cP)
L a b
TS 1.017+0.01% 4.80+0.35 82.2740.03 —0.8120.01 10.47+0.07
EHS 1.018+0.01 5.00+0.20 82.51+0.08 —0.21+0.13™ 11.25+0.27

DTS, traditional soymilk; EHS, enzymatically hydrolyzed soymilk.

? Values are meantS.E.

3 Statistical significance was analyzed by Student’s t-test (* p<0.05).
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of improved digestibility of traditional soymilk and enzymatically hydrolyzed soymilk.
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