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Functional Changes in Soymilk Prepared from Heat-Treated Soybeans and Its

Application to Soy Yogurt Production

Jung-Min Park

Department of Food Science and Engineering
Graduate School of Global Fisheries

Pukyong National University

Abstract

To identify optimal processing conditions for enhancing the functional and
manufacturing properties of plant—based alternative milk and yogurt, changes in
the functional components of soy milk prepared using soybeans (Glycine max)
subjected to various heat treatment methods were investigated. By systematically
analyzing the effects of these treatments on antioxidant compounds and
fermentation efficiency, this study aimed to provide a scientific basis for the
development of high—functional plant-based fermented beverages. The samples
were divided into four groups: untreated, high-temperature dry-roasted, stepwise
temperature—-controlled dry-roasted, and wet heat-treated. Soy milk and yogurt
produced from each group were evaluated for antioxidant activity (DPPH, ABTS),
total polyphenol and flavonoid content, pH changes, titratable acidity, and viable
lactic acid bacteria count.

As a result, dry—heat—treated groups exhibited higher antioxidant activity in
both soy milk and yogurt compared to the wet—heat-treated group. This
enhancement is attributed to the effective disruption of the soybean cell wall
structure by dry heat, which facilitated the release of antioxidant compounds and
created a more favorable substrate environment for lactic acid bacteria
fermentation. Notably, soy milk prepared from stepwise temperature—controlled

dry-roasted soybeans demonstrated superior functionality compared to that from



high-temperature dry-roasted soybeans. These findings suggest that dry heat
treatment, especially with stepwise temperature control, can be a more effective
approach than conventional wet heat treatment for producing high-functional
plant—-based fermented beverages and offer valuable insights for future product

development and functional food research.
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1. 438 A=

7= 20249 109 g9 dHEF FFo T4 For, BAHEE
ARA BA EARIA AR A 20249 590 exmeeloz A4
Fohstgich. 8 F Ao musgor, Agel %4 FARs A

A 2ol Abg-8F A

g Fr> olgdE o}l Sacco SystemAHCadorago, Italy)e] #Z247dx =&
3 2ElE|Ql LYOFAST SYAB 1& 2kl Fufste] AM&&tart. &
2~¥}E+= Streptococcus thermophilus, Lactobacillus delbrueckii subsp.
bulgaricus, Lactobacillus acidophilus, Bifidobacterium animalis subsp.
lactisE EFsIAL glew, AXA V|FoR F Ak FE 1 X100t

CFU/g oI/l A2 AkE-8 3l

2. 79 Ba 3 AH U

)

Faow, A57ks Al

de 2 WAz Aeds 96 dAdaA. e BAe oF A

Ol

YFE 9 ¥ Ao Run 4% 4R

F FE A2 7](Wonder Washer, WineKIT, Korea)E o]&3le] A& 3sl=
AR FAHEAT AHLS 10°Ce AASF 5 LE A&3ke] oF 3271 &
o]

Fargon, AH F EW SRS AAD A 0 wAZ AR,



3. YT g A =24 L FTH A=

i
-0
2

ol & Ul 7] A 231e A&t FRE A=A
2 (UN, untreated)> A2 A5 AAA & A 75 A8t
M, 10Ce AAlgel 16213 et A & 5, Jx & 5 100 g3 Al
T 500 g& &35ty LEH A YA (HPM-820, Hanil Electric Co., Ltd.,
Seoui, Korea)& ol&3al mhafjstal ofasto] A& AMFs A 82 ARESES
o A1 ke Aga FE FEESIEEC] AV EeE
Taekwang F.M.P, Daegu, Korea)& ©o]&3sto] 180TCeA 107t 7+ gt
¥, 150C= @3] F7k= 1027 7H9sks 244 2= =4 14 714 A
g9}, 180TCaA A& 2023 7Hdste 12 A2 7tE A= 233
o Ztzbel dAEE FEE E471(DSCH-22000, Duksan Co., Ltd.,
Siheung, Korea)E o] &3l 120 mesh Z 7|2 F3sle] STDSP (stepwise
temperature—controlled and dry-roasted soy powder) % HDSP(high
temperature dry-roasted soy powder)® #|Z23&kSth o5 &% 100 g&
A4 500 g7 =g 2 uwrk 3k & 80 mesh M= o Fstar, 100T ol A
307 7t Aerek § LEEHA WA (HPM-8200% A stete] 247

STDSM (stepwise temperature—controlled and dry-roasted soy milk) 2

HDSM (high temperature dry-roasted soy milk) A|5 2 A Z3}At. &
2 7tE TS FAE Y LA 10T AA ol 16A17F &< HA g &

AAE i 100 g¥ BAlF 500 g& 37 whfetar, E¢=3 100Tel
10&%F 7k e 5§ 80 mesh A= o #apqdtt. of3tg g thA] 100C ol

A 3087 71E At &, A 3ste] WHSM (wet heat-treated soy milk)

>

NEz Azsar.



4. FAE =8 AX

AzE Al 7HA 7 AIE(STDSM, HDSM, WHSM)+= 4kt a8 &

F3 7l SRR ZtEEHAdT. HEdd Agd AEEHE AYE T3+
Abat A A2l SYAB 1 (Sacco S.r.l., Italy)el™, ZF A8 tjs] HZE Hy
717 0.1% (v/v)e] s52 JEsHATE o] %, 43Tl A 9AIZF &<t &=uj

2}7] (BF-150IN, BioFree Co., Ltd., Seoul, Korea)& o] &3lo] HEgE 23

sgor, wast 8 ARk AedA WAd F FE w6 d88

TE AR AREE FRY 9A" 2dd we g5 2ol FEETh
STDSM AF&3l ¥g S-51+= STDSY (stepwise temperature—controlled
and dry-roasted soy milk + SYAB 1)&, HDSME& AF&3 7 -$-& HDSY
(high temperature dry-roasted soy milk + SYAB 1)=&, “1¢] 22 WHSMZ
o] &3 g 28+ WHSY(wet heat-treated soy milk + SYAB 1)Z 9

IYPE FEFS AOAC &2 Wy 925.23 (AOAC, 2005)& o7 w3t
of 24U 7 AR 3 ~ 5g8 dulw P Ao we ¥ Y
22x7](WFO-600SD, EYELA, Rikakikai Co., Ltd., Tokyo,Japan)& o]
83t 105TAA] 16A17F ol Axsgtt A% So= 21F A Ao H



i nPe M@ ANSAen, 2de 33 wEsl F959

A7 A EFAMEDS, 201904 AAE Ad F2 EAHA ot

[e)
o
g RS FUHOR B APtE ded 22 42 o g

o mg/g T2 AAEG o, RE A2 33 Hh&slo] a5
A7V mgKOH/ g) = (Vx Nx56.1)~ W

Vi Aol AH&E KOH & 212 H-3](ml)
N: KOH &9 5=(N)

w: A g2l FA(g)

56.1: KOH®| &A=

[e] [e]
i F, 3tEl KI &9 0.5 mLe H7kste] ehdolA 11 wSA At
°]F S 30 mLo} A& A kS M7k H, 0.01 N Naz Sp O3 &9}



o= AQse] g o] £AHE NHL FHo Ao F4t

s7Hs ol A& o] §ate] meg/kg H9l= AxtekTh

PV(meq/kg) = ((S— B) x Nx 1000)/ W

A= AAe AHEH Nap S; Os 9 %9 (mL)
FAFol AHEE Nap Sp Os © #3(mL)
Naz S; O3 ¢ =2%55%=(N)

D AlE ] FAGe)

= Z2 W W

T4 otu At AL AEFFHA AAIE WHES Tdte g FAFAT
(MFDS, 2024). ¥4 3tH A& 10 mg= 6N HCI 10 mLel ¥ %, 110T
oA 24A1F ZheRest vt Tk R E &S 40TolA Az
, sodium citrate buffer (pH 2.2)= o] &3] H=F Yy = 50 m
3o, 0.20 um membrane filter@ o] ¥}3}e] ofn| A A8 AJg 2
AFE-3F S THWhite et al., 1986). -4 o}r| =4k o] 2w 3 A=ZwlE T
Hpal o] ofu] Ak 2HE B4 7](L-8900, Hitachi, Tokyo, Japan)$} o]
W3 A Y (#2622SC-PH, Hitachi, Tokyo, Japan)< o]&3lo] #4159t}

o b

H

8. FHe AW =4 BA
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% gas chromatography with flame ionization detector (GC-FID) 215
of wel A8 A tHMEDS, 2024). F 50~100 mgeo] #Wo] x3e 4
shek g AR UFEF8 d(undecanoic acid methyl ester) 1 mL<}
pyrogallol 50 mgs #H7}sldth. AlZo ethanol 1mLe 8.3M HCI 5
mLE #H7Ie &, 70~80T9 FxA 401t AHEsE sttt &
7 &5¥ ARl ethanol 2 mLE F7138kal, diethyl ether 12.5 mL<}
anhydrous petroleum ether 12.5 mLE o] &3] F=35tt F&4 A
WA 7% BF3-methanol &5 o]&3to] wWdo]2¥3tgk 5, GC-FID
Aoz RBAset. ®4di= SP-2560 capillary column (100 m
X0.25 mm *0.2 pm)°] F&% Shimadzu GC-2010 (Shimadzu Corp.,
Kyoto, Japan) #HIE AR&stdth FAdEF2 1.0 pL, 94 2=+ 225T
Ao, F&dHE 200012 AAsH. e 25 ZRIFH2 100TAA
4 A4 F, 240C7H#] 3C/mine] FE2 S8kl HF =koAM 158
ol FAeAH. ERIA ZE Hes AR&stA oW, 752 0.75 mL/min
2 AAstAdnh 2 Aake] RS 'hA S 4o A 2471A] 9] A HAE WE
o] ~H(FAME) ZE=4d 37%5 ©]&sto GC-FID Al =#e] W3t AFE
T3 5, A mEo Ay o] Ses AWAL o R sHiksto] AhEEkAd

o

9. T4, §2F &2 pH =74

pHE A =2 pH meter (PB-10, Sartorius, Bohemia, NY, USA)Z o] &

sto] ZA3IAY. BE AlRE 33 WHE A5t Hagos A3E AA
399t pH meters =4 A pH 4.00 9 pH 7.009] %= =8 A o] &
st 24 WAS Y5
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10. F1r,

2
el
oo
it
Lo
of
M
ACh
s
i3
W,
of
e
i)
e
b
s

Z Z9¥E S Folin—Ciocalteu ¥ (Singleton & Rossi, 1965)%
o7t WEste] =AY AlE FE9 0.2 mLo] Folin—Ciocalteu ] <F
At} o]%F 7.5% NaCOs; &< 0.8 mL

g Jbstel EFW T, G 2ANA WeoIA 3087 WA W

—
o
=
—
o
i)
N
)
o
4,
w
i
o
(L
oo

re
kil
o
ot
i
il
o
]1]0{1
o
il

ﬂ
(@))
1
]

2

2
2o
ME

3433 = Al (Spectrophotometer,

Thermo Scientific, Waltham, MA, USA)E o] &3&lo] =43t & =4

5
Ir
o

ol

< gallic acid® EFEH 2 ALg3le] ZAs F&FA 025 EH
A&t o, A= mg/Log kst el Sl

T ZdHxol= TS Moreno et al. (2000)¢] =HH S k7l WM s}
o BAsT AR FE99 0.5 mLil SFF 1.5 mL9 5% NaNO, £
0.1 mLE 7}3lo] &

1

m;
ol
M
ol
Bh
Y
rE

sA1Z = 10% AlCl; €9 0.1 mLE
A7betA . Al 623 BESAIZ 5 1 M NaOH €< 1.0 mLe} S/FTE
A7betol HF F9& 5 mLE 251 2 et = &9 3 E
+ 510 nmollA SAsR e, F EE o= S querceting i

AR 3 ZEFAS VIEoRE AEedv. AdE mg/LE YEUAH.

1, 1-Diphenyl-2-picrylhydrazyl (DPPH) &tz A7 &48 Sharma
¢} Bhat (2009)¢] WHS dF FAsto SAsAth. DPPH (0.078 @)=

_‘|2_



1 L dgk&ol &ttt A 5(100 pL)<t DPPH &< 100 pLE 96-well
plate®] 2} wellel H7F& 5 35°Ce| koA 307 &< WAt
%%+ micro plate readerg AF&3te] 517 nmoll A SA4 3 Th &4 d=x
TR ARG LT 4 WEES ARESER AL, Y xR orme v
E2of faE of~x 2B K100 ppm)S AFESIA T A&+ 1/100% g
AE e, DPPH &toZt &7 24(%)2 v 2ol Aitstsitt

E]oil

Absorbance (blank) — Absorbance (test)
Absorbance (blank)

Radical scavengingactivity (%) = x 100

i

ABTS &}tz 2452 Re et al. (1999)¢] W& A wFsto F4
gAY WA 7.4 mM ABTS €97 2.6 mM potassium persulfateE &
Fato] Aol 12~16A%F ¥gA#A ABTS =t ZS 4t A4
# ABTS gtz &2 a2 JMste F35% 0.700 £ 0.020 (734

nm) o2 FASAT. o] & Alm F=¢ 200 pLet £4%¥ ABTS &< 2

O
O:

of F¥=E 734

27 ool FRE

A AEFAMEDS, 20249 BAyel utel 44 B3 54
Stk 2 AR 10 mLel $R4E bt & %% 50 mLe =AW
%, 0.1 N NaOH $42 Abgate] Hgshgivh, oluf A A ko,

=
Zgeel g Wrstdor], A% LEAo] 302 o4 A&¥ L

R84
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E

bof obd) 42 %

S

J

pua

A (%)= (VX NX fx100)+ W

4ol AHEE NaOHe| %3 (mL)

N: NaOH¢9] 5% (N)

V:

"
M
sl

el

A2 1 mL
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=

=

Fol 37CollA 48A17F &<t il
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°]-8

o

=1

=

=

, 0.85% WY N4AT
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Table 1. Sensory Evaluation Form

Overall
Sample Appear Color Flavor | Taste Textur Prefer Comm
ance e ents
ence
Date: Evaluator: Panel No.:
Instructions:

Please evaluate each sample based on the given attributes and
mark the corresponding score.

Use the 4-point scale to indicate your preference (4 = Like very
much, 1 = Dislike very much).

*The score reflects only your personal preference and there are
no correct or incorrect answers.

*Please fill out the form honestly based on your individual
judgment.

*[f you have any opinions, please write them in the comments

section.
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Table 2. Solid content measurement of soy milk prepared using

soybeans processed under various heat treatment.

Powder Solid content Soy milk Solid content

UNV 91.97 + 0.26" -
STDSP 97.68 £ 0.03" STDSM? 10.90 £ 0.12¢
HDSP 97.40 £ 0.12% HDSM 9.80 £ 0.06"
- WHSM 10.09 £ 0.19°

1

2)

3)

UN, untreated; . STDSP, stepwise temperature—controlled and
dry-roasted soy powder; HDSP, high temperature dry-roasted soy
powder.

Mean and standard deviation with different letters indicate significant
differences (p <0.05).
STDSM, stepwise temperature—controlled and dry-roasted soy milk;
HDSM, high temperature dry-roasted soy milk; WHSM, wet
heat-treated soy milk.
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) (i)

(iv) wv) (vi)

Fig. 1. Morphological comparison of soybeans and soymilk products
processed under different heat treatment. (i) UN, untreated,
(i1) STDSP, stepwise temperature—controlled and
dry-roasted soy powder, (iii) HDSP, high temperature
dry-roasted soy powder, (iv) WHSM, wet heat-treated soy
milk, (v) STDSM, stepwise temperature—controlled and
dry-roasted soy milk, (vi) HDSM, high temperature

dry-roasted soy milk
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et al., 2016; Yuan et al., 2008; Doblado et al., 2003). T3, T o]
24 WAool dojuwiA A= 7] wkgol thEk ArkAdol FUE Ax P
S + AoE HolH(Park et al.,, 2020), §3] HDSM< 112 A% 7tE=
3] A dEAEo] At ¢kF S0l s SHEAS THeA o
A 71 Y H(Kwon et al., 2016). ¥k F3 2] +el UNL 71do 2|3 3}3}%
W7l dolupA ool Ahdow we pHE FA5ed. WHSMS ¢
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g T @ddFet frlite]l A &ulE St AAHE 4TS Ad A

TANME B v JiXu & Chang, 2008; Liu, 1997).

p

_20_



Table 3. pH measurement of soy milk prepared using soybeans

processed under various heat treatment.

Sample pH

UNY 6.22 £ 0.01%
STDSM 6.60 £ 0.01%
HDSM 6.51 £ 0.01°
WHSM 6.30 £ 0.00°

D UN, untreated; STDSM, stepwise temperature—controlled and
dry-roasted soy milk: HDSM, high temperature dry-roasted soy milk;
WHSM, wetheat-treated soy milk.

Mean and standard deviation with different letters indicate significant
differences (p <0.05).
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Aol BdAor JEgFs nAw, 53] & 1A Ay xxlo] 4bst whgS&
7V AA frEshe 9, 9AAd 22 2" Ay F24 AP =
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Fig. 2. Acid value and peroxide value measurement of soy milk
prepared using soybeans processed under various heat
treatment. The different letters indicate significant
difference (p < 0.05). UN, untreated; STDSM, stepwise
temperature—controlled and dry-roasted soy milk; HDSM,
high temperature dry-roasted soy milk; WHSM,
wetheat—treated soy milk.
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Table 4. Analysis of amino acid composition in soy milk prepared

using soybeans processed under various heat treatment.

Amino Acid
(mg/100g) STDSMY HDSM WHSM Milk
Aspartic acid 1132.1 1283.3 1098.9 1333.9
Glutamic acid 2020.5 2132.4 1873.1 2142.8
Serine 578.7 578.5 537.1 598.4
Glycine 432.2 445.3 421.2 474.3
Histidine 267.9 287.9 265.7 296.3
Arginine 893.0 943.5 854.2 987.6
Threonine 542.9 580.8 498.3 611.4
Alanine 639.3 651.3 612.3 673.1
Proline 556.8 585.7 530.1 612.5
Tyrosine 477.8 499.2 456.9 518.3
Valine 628.2 656.1 593.6 678.7
Methionine 206.9 221.0 191.4 228.3
Cystine 157.3 167.1 143.7 172.4
[soleucine 481.3 509.4 454.8 522.0
Leucine 812.1 858.2 759.6 884.7
Phenylalanine 573.4 603.8 536.7 621.5
Lysine 769.3 822.0 712.3 853.2
Tryptophan 168.6 181.3 153.2 186.9
Total 11,338 12,006 10,693 12,396

D UN, untreated; STDSM, stepwise temperature—controlled and
dry-roasted soy milk; HDSM, high temperature dry-roasted soy milk;
WHSM, wetheat-treated soy milk.
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$-roll A += palmitic acid(1.17 g/100g)¢} stearic acid(0.42 g/100g)
| 7HE =& o2 dEH%oH, ol Iy
A AFY AAE 243 FAEE 23R gdE gl v A S
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0 g/100 g, WHSM7}-0.18 g/100 go= $-FHT} dA3] e X
£ BT T3 STDSM# HDSM X5 myristic acid ¥ arachidic acid
o 2 EspA ko] S H(<0.01 g/100 g)o.2 A== At o3 A
e A 87 54 AFol vla] SFA o] vivk= Aot 4A
st (Zheng, Chen, & Liu, 2020).
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A AEE R WY s, A el AWAko] 2] E o] oleic acid?]
S0 F7Fgl7] wiFEo g A E . AAE Zheng et al. (2020)2 2] &EA
w82 dAe Al Ao 44 o] o8 free fatty acidse] W&
H gk vf 9o}, H3h cis—11-eicosenoic acidi= STDSMel| A vk 4 7(0.01
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Table 5. Analysis of fatty acid composition in soy milk prepared

using soybeans processed under various heat treatment.

Fatty .
] STDSMY HDSM WHSM Milk
Acid(g/100g)
Myristic acid 0.01 0.00 0.00 0.40
Palmitic acid 0.34 0.20 0.18 1.17
Stearic acid 0.08 0.06 0.04 0.42
Arachidic acid 0.01 0.01 0.00 0.01
S SFA 0.44 0.27 0.22 2.00
Palmitoleic
] 0.01 0.00 0.00 0.06
acid
Oleic acid 0.61 0.56 0.30 0.80
cis—11-Eicose
) ) 0.01 0.00 0.00 0.00
noic acid
SMUFA 0.63 0.56 0.30 0.86
Linoleic acid
1.65 1.18 0.96 0.08
(v-6)
a-Linolenic
) 0.26 0.14 0.00 0.01
acid (0w—=3)
y-Linolenic
] 0.00 0.00 0.14 0.00
acid
Eicosapentaen
oic acid 0.00 0.00 0.00 0.00
(EPA)
Docosahexaen
oic acid 0.00 0.00 0.00 0.00
(DHA)
SPUFA 1.93 1.32 1.10 0.09
Total UFA
(MUFA + 2.56 1.88 1.40 0.95
PUFA)

D UN, untreated; STDSM, stepwise temperature—controlled and
dry-roasted soy milk; HDSM, high temperature dry-roasted soy milk;
WHSM, wetheat-treated soy milk.
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0.08 g/100 g ¥ 0.01 g/100 g3} Hlausle] A3 =2 FTAE HIYh
ol ulF EXE7t ew7b-3 B ew7t-6 Ak fE E & §8%
S7MA = 71 A4 dyele H3s vt (Yang, Guo, & Yuan, 2015).
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=

STDSM)eo| F @ HolA BEF 7td =& 45 Uit & E24
sh5F2 STDSM (179.83 £ 0.25 mg/L)o] 7} =kon tgo =z
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0.38 mg/L) £o & YeRth o= dA48 #A 5 5o AlxHo] 3ty
of 7]&o] A¥P o HAeE Zeldls Ao wEs&ol St AR
&4 ® th(Shibata et al., 2018; Dewanto et al., 2002). 53], STDSM¥} o]
g diel glo]l A 2o Ag3 395 FRdhe T3P 2 £
il BE B 35 8285 Sds) ob=d 234 oldttal dvh
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Fig. 3.

prepared using soybeans processed under various heat
treatments. Different letters indicate significant differences
(p < 0.05). UN, untreated; STDSM, stepwise
temperature—controlled and dry-roasted soy milk; HDSM,
high temperature dry-roasted soy milk, WHSM, wet

heat—treated soy milk.
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o]ojA HDSM (15.15 + 0.52 mg/L), WHSM (13.50 £ 0.58 mg/L), UN
(9.95 £ 0.32 mg/L) o= Yewn. EE dAgte] FAlgfato] vl e
FA T2 TR ol TS HYoH, ol AFY TR ol=
7 dAEE S E&AoRE fEld Ao A ¥ rH(Shin et al, 2015).
STDSMe| 4-¢, &3t =9 12 7Fdo] 1& Ay o] EAs=
T4 ARG sy EAe 2o fod EFPREo=E RFoR
BEFE Ao g HoZxtHLim et al., 2017; Moon et al., 2025). WHSM-<&
% ZEdE dHdAE F AR =2 S Rioy, F ZgHELoE
o A= HDSMETH SA Yersth o= dxg %A we 574 ¥
=4 =T IBAELEE 540 FolstA FEE Aor AEH

Xu et al. (2020)2 719 =7l we o+ W FAikst H79

gt dxg 20S AEote] Axe T dAseS Frrer] 9
ste], DPPH % ABTS &tz &~A%S 248 +38% Z3& Fig. 4o A
Attt 7 AE BRFAA AEat F fFe] Al Zol(p < 0.05)7F WrERSE
om, dAge] wel FAkst Ao WFHH e tEA Wssh= &
o] T AT

DPPH 4 Z3 HDSM7} 47.04 + 0.28 mg/L& 714 =& &45 v
Etlon, ABTS 4o STDSM7F 7Hd $-53% &4 8 B F
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Fig. 4. DPPH and ABTS radical scavenging activities of soy milk

prepared using soybeans processed under various heat
treatment. The different letters indicate significant
difference (p < 0.05). UN, untreated; STDSM, stepwise
temperature-controlled and dry-roasted soy milk; HDSM,
high  temperature dry-roasted soy  milk; WHSM,
wetheat—treated soy milk.
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Mg e BALS BEd, ol 1 Ae A A% do| upd Faka
Aol walEo] ABTS &A= 238 #4842 4 vis o=z
AE A t(Jeong et al., 2022). T3, F B4 BFo|A A (UN)S
DPPH(34.14 + 0.70 mg/1)¢F ABTSo A 7pd vro &4 S vpetigl o,

ol Ax¥ol FAE FHdAM = Ed¥s 5 A HEo] AFIF o=

A2 e dAY 2Hde® Axd FH(STDSY, HDSY, WHSY)&
AtE JEFs] 0 ~ 24A7 HEE QY. TE Ak A ato] u)
2 pH Z3+= Fig. 591 YehHATH
pH 6.6 ~ 6.7 Fx2o2 FABIA o™ Fod Apol= FFH A okt
ayy wgvh Adgge mEk pH e Als F AolE Holw {93
stk 347 A EEH STDSYSF HDSY+ WHSYR U o & pH

HE Z27](0A1ZDdE Al AlE BEF
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Fig. 5. Changes in pH during fermentation of yogurts made from
three differently heat—treated soy milk groups. The
different letters indicate significant difference (p < 0.05).
UN, untreated; STDSY, stepwise temperature—controlled and
dry-roasted soy milk + SYAB 1; HDSY, high temperature
dry-roasted soy milk + SYAB 1; WHSY, wet heat-treated
soy milk + SYAB 1; MilkSY, milk + SYAB 1; MilkSY, milk
+ SYAB 1
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Fig. 6. Changes 1in titratable acidity during fermentation of
yogurts prepared from three soy milk groups subjected
to different heat treatments. The different letters indicate
significant difference (p < 0.05). UN, untreated; STDSY,
stepwise temperature—controlled and dry-roasted soy milk +
SYAB 1; HDSY, high temperature dry-roasted soy milk +
SYAB 1; WHSY, wet heat-treated soy milk + SYAB 1;
MilkSY, milk + SYAB 1; MilkSY, milk + SYAB 1
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Alm ZF AbEe] wWsh ol HA H AT 3AZE Al A =

STDSY$} WHSY7} HDSYRT} folatd #& g wmglon, 647k

9AIZF A ME STDSYZF B AR il JliAom B 4% $58

A8k 58] 24470 E Foli= STDSYQ] AHw=sk 1.05% 3ol
Wl

=8, HDSY (0.87%) 3 WHSY (0.85%)¢ ol & Atol& Yl thp

e
o

o

oee Avks @AY el WE F HAEe B4 2 K7 A4
ol G¥e F AR Wk 53 STDSYE dAe wHgelA

B W AlE F27F S EY 99, feels 5 R 7] 7hEAd ol
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e ANWA 22 AR g 4R BN B )54 4R £4 b
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5 9 th(Jeong et al.,, 2024; Park et al., 2018).
10. &5 A7 mE FATF S8 /AT & HE

AR e 4y 2doz2 AzxH F5(STDSY, HDSY, WHSY):=
B2 APt FE A Ao

e 27][(0ADd = B AgdtelA fAkf 7 ¢F 7.00 log

CFU/mL %292 FAFY o™ (p > 0.05), wa7t dsdo] wa} {2k

G foHom /s 58 WE 647 A6l E STDSY
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Fig. 7. Changes in lactic acid bacteria count during fermentation of
soy yogurt prepared from soy milk wusing soybeans
pretreated under dry and moist heat treatments. The
different letters indicate significant difference (p < 0.05).
UN, untreated; STDSY, stepwise temperature—controlled and
dry-roasted soy milk + SYAB 1; HDSY, high temperature
dry-roasted soy milk + SYAB 1; WHSY, wet heat-treated
soy milk + SYAB 1; MilkSY, milk + SYAB 1; MilkSY, milk +
SYAB 1

_37_



(8.64 log CFU/mL)7} 7H4 ¥& 4k 5 vehdlon, HDSY (8.61
log CFU/mL), WHSY (8.63log CFU/mL), MilkSY (8.61log CFU/mL)%}=
g ZFolE HAHp < 0.05). 9A|ZF o] FHH= At o g Fiket
=7 £27F gAa E3Een, 2447 AlFol = MilkSY (9.08 log
CFU/mL)7} 7V =& fA4bkd & Btk olojx STDSY (9.04 log
CFU/mL), HDSY (8.93 log CFU/mL), WHSY (8.91 log CFU/mL) &2
2 FA=

Aol A whE S7RAE BT, ol HlaA ehkgk AAe] z3o] o

Fou e gl =2l 7heEte HAAA FAke V1E H2de
ER7] WEom AdHn. olgs A= Ut £3o] i WAl

g2 F 985S "HoFEth(Kwon et al., 2016). ol A A3 =74 3hol A
2EA VA FAkTe] shikel F2o] lFsitial Hardk M3 AT

9= A 3H(Vinderola et al., 2000).
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Fig. 8. Changes in total polyphenol content during fermentation of
yogurts prepared from three soy milk groups subjected to
different heat treatments. The different letters indicate
significant difference (p < 0.05). UN, untreated; STDSY,
stepwise temperature—controlled and dry-roasted soy milk +
SYAB 1; HDSY, high temperature dry-roasted soy milk +
SYAB 1; WHSY, wet heat-treated soy milk + SYAB 1
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A AFEES YEldon, 1 A A A el welk {og Aol:
H At Zhang et al., 2022). & Z = FF> 27](0A11hol &= STDSY
7} 179.83 mg/L=Z 7} =4 YEpska, olo] HDSY (72.74 mg/L),
WHSY (128.33 mg/L) 2= YES T (Hu et al., 2020). BE Al 5004
Evh XPEAA A Tre] wel 548 At on, 6A7F o] 5
ehubst AR AgEAT. sHARE BE TR A 24430
A2 A H(STDSY, HDSY)> F2 A (WHSY)ol vl f2]aHA
=2 #E ARG Ao 2447 43 $ STDSY: 8.74 mg/L,
HDSY+ 7.91 mg/L, WHSYE 4.16 mg/L= YESEOoH o]= A4 A
2ol Eelds Ao dA AGI 78 FAe B A YS

BoEtH(Wang et al.,, 2019). o]t Ad= A2 87 Alx8 F+x
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] 5ol &=
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71(0A1ZH) el = STDSY 7F oF 25 mg/L= 7Hd & Zetnol= 3Hgs
Heow, olF Wart Hgge| Mt BRE A|ZA FEH o= e
Ak o 2 71A4%hs A4S YERUT 2443 Al oA R o]y E THAE
wE F Eehnieols sghEe] fabwtel o RaEAL, TE 87

g gtell whek b Aol AstE 7] Wi 4 AT (Liu et al., 2022). A
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Fig. 9. Changes in total flavonoid content during fermentation of
yogurts prepared from three soy milk groups subjected to
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