W) Food Sci. Preserv., 33(2), 303-313 (2026)
PISSN: 3022-5477, eISSN: 3022-5485

Check for
Updates

Food Science and Preservation
https://doi.org/10.11002/fsp.2026.33.2.303

Research Article

Production of yanggaeng containing phenolic extract from Spiraea
salicifolia with antioxidant and o-glucosidase inhibitory activities

itz A a-glucosidase AHMIEME 71 W2ZHUT R HEE FE25 0182

29| Hx

Min-Ji Kim', Jeong-Heon Kim', Dong-Ho Lee', Min-A Kim', Chae-Won Han', Hye-Jin Park'? Byung-Oh Kim'?,

Young-Je Cho'**

2R - Y - 05

ﬁ OPEN ACCESS

Citation: Kim MJ, Kim JH, Lee
DH, Kim MA, Han CW, Park HIJ,
Kim BO, Cho YJ. Production of
yanggaeng containing phenolic
extract from Spiraea salicifolia
with antioxidant and o-glucosidase
inhibitory activities. Food Sci.
Preserv., 33(2), 303-313 (2026)

Received: April 29, 2025
Revised: October 28, 2025
Accepted: October 31, 2025

*Corresponding author
Young-Je Cho

Tel: +82-53-950-7755
E-mail: yjcho@knu.ac.kr

Copyright © 2026 The Korean
Society of Food Preservation.
This is an Open Access article
distributed under the terms of the
Creative Commons Attribution
Non-Commercial License
(http://creativecommons.org/license
s/by-nc/4.0) which permits
unrestricted non-commercial use,
distribution, and reproduction in
any medium, provided the
original work is properly cited.

https://www.ekosfop.or.kr

- Ziof

- BRI - IR - 2o - KR 2

!School of Food Science & Biotechnology, Kyungpook National University, Daegu 41566, Korea
“Research Institute of Tailored Food Technology, Kyungpook National University, Daegu 41566, Korea

Al E IS5+

7 =
=L HEEEE,

Abstract The purpose of this study was to evaluate the biological activities of the water extract
of Spiraea salicifolia (SSWE). The total phenolic content (TPC) of the SSWE was 12.73 mg/g.
Among the extracted components, the phenolic compounds exhibited superior biological activities
compared with the solid extract. The DPPH scavenging activity of phenolic extract was 83.90-
83.96% at a TPC concentration of 100-200 pg/mL. Similarly, the ABTS radical scavenging activity
of the phenolic extract was 81.59-99.80% at the same concentration. The antioxidant protection factor
(PF) ranged from 0.97 to 1.09 PF. The TBARS inhibition rate was 12.28-47.76% at 100-200 ug/mL
TPC concentration. The a-glucosidase inhibitory activity of the phenolic extract was 15.18-28.58%
within the same concentration. Based on these results, yanggaeng supplemented with SSWE powder
was prepared, and its physicochemical and sensory properties were evaluated. Regarding
physicochemical properties, the addition of the SSWE powder resulted in decreased values of
lightness, yellowness, and redness. Textural properties, such as hardness, springiness, cohesiveness,
and chewiness, decreased with increasing SSWE concentration, whereas water activity increased.
Sensory evaluation indicated that the optimal addition level was 3% SSWE powder. Based on these
results, SSWE shows potential for application as a functional food ingredient.
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1. M2

A AA Aerge] ghitez Qs 7ol tieh AFEe] TAol wolor, 53] Z=Lt 199] 2t
<= AFEC] AAEe] B2 HEkE FU ofFe A oA & e WHoR 74 Al
gt o] gorslon, P, A% 50 YRz AME A ShEe 748 AR S71E ]l
2HAEE F H PASHL 7154 YRS AR AES g A0 o= U8, AtdelAe Hd
=0tz A7tk Al ol S7FEAL 3ltK(Tong, 2020). 53] A= & &A= 4o
A 2AAE HAFH AREHO 2, #E SHAT A7 FHHW vzl A A
AP} ekl AF =Tt #ot ol & 283 AlEel tidt d77F Solual th(Zhao <5, 2024).

Au|to] S3he ABER] R 2HUWT(Spiraea salicifolia L.ye A=, 252}, AHGHT,
FoE2EME R olgeR: EUT ofrlotet RS 2HjolA ofjit) Ao Zaska }lor
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oAM= AR E o]F9 A, 11 FolA T 53t oA A
gt 2 fUEolA= 8T RO R Kol=t A&
o] utet FH 9] SoflA m= Z <t He BUF 9 stuE
34 0] 3Egto] mfgolt}. Zojl= 719t Eo] Qlo] B
£350] Fol T AAEo)] o] & FY% 3 5
ZEHEEoE HAALL qloH, 53] S| FAY shwo
BExT EGHA BAE A% HHoEE A ]tk §lof
£ @7IES Y7L HHdle 2hho] U 6-790l £
o] £7] B9l & RYLE W1 drfs S=HE 999 9
on go] WtiCrozier 5, 2011). ]9} 7}2|ojl= Salicylic
acidE oo, 25 TN s, JAE, 77] 59 oF
A2 AREFon At AAL FHEST AL Az, ASA
2 ARE5ItH Andarwulan 5, 1999). ESE W2 RELE9]
olfQlE HIEH C7} FHsto] U=E 74 A85H7| % 5
TH(Lee, 1989; Tanaka?} Nakao, 1976). A 2| ZE 1159 A5
AF(Lee 5, 1986)2 o Eetilolt U W54 SRHES
o] ReE|Qtty K1l 5tylom, 5] me| 2R o=
S} ZE5ZEo] Q= Ao7 LA p-methoxy cinnamic
acid7} YAt B 78} THChoi, 2012). 18|11 Y3} £29]
‘JEo] Tt APAoA= £ol dETh o B2 ETEE, 7t
H171, AEdS SHstal dokal B3 th(Kostikova®t Shaldaeva,
2017).

weba] 2 AoAe LEREUFE 285t e

=2 u
WA Axstol, olsletd B4, 7144 244, WA &
2 WK ot 0|8 Eo, meZER] fE 7%
4E ARZAH9| 7P5Ao] Rex| elsta Bt

2. Nz ¢

oz

EH
=

2.1. AE ¥ £559 M=
Aol AT RAZPUR B 33 Boe AwAEQ
Spiraea salicifolia extract 10:1 (Shaanxi Organi Biotechnology,
Shaanxi, China)Z +Y5to] -20°Co|A E3stn ARR5HITH
2 AEL TYRFUR BLL E(1:10, wiv)S g2 wit
Azslo] Aze 24 Bk Fefo] A|zoltt. A
e gt AY AlRF shQl TP E(solid) dg B
273 5E(100, 200 pg solid/mL)Z ZHF5(DW)o] &3
sto] ZAStAT}. TSt Hls4 FEE(phenolic extractyS df|F
S DWO &%t &, 223 520 W} rotary vacuum
evaporator (Eyela NE, Tokyo, Japan)E A3l H=3l0] &9
=4 3%M&E K (total phenolic contents, TPC)S FAslo] A
L3 HKim 5, 2023).
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22 ZH=4 3/EF Y

ZHE4 SRMHE(TPC) A% Folind} Denis(1912)2] 31
< Zxsto] SAIh HsAd 25 1 mLof 100% ethanol
1 mL, DW 5 mL, 1 N Folin-Ciocalteu reagent (Junsei, Tokyo,
Japan) 0.5 mL, Na,CO; 1 mLE ¥o] 147t 59t AlofA]
SAIZ & F4% 725 nmZ A5} Gallic acidE EEE
Az ggote] 2o APNOE 24 5 EXTHL T,
AN&0 FBEE EETA] tiYste] G2 A gallic acid
equivalent (mg GAE/g dry sample (DS))°.& W ZXEUTE &
2% Huto] TPCE AsIgich

2.3. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical
A5 55

DPPH assay= Blois (1958)2] ¥H& =319t HaA
ZZE 1 mLo] 60 uM DPPH (Sigma-Aldrich Co, Louis,
MO, USA) ofek2 €9 3 mLE Y1 vortexing §F & 155
ZF FAolA HEEAIX] B2 517 nmoflA S F=(0DEHE 57
S} T}. Positive control ©. & butylated hydroxytoluene (BHT)
48tk 381 W% Adsle] 2e 2 BT go
UE} Qo™ DPPH radical A7%5(%)< (1 - Absorbance of
sample / absorbance of control) x 100°.2 HAISIAH.

2.4, 2,2-Azino-bis-3-ethylbenzothiazoline—6-sulfonic
acid (ABTS) radical 2715 =&

ABTS assay= Pellegrini 5(1999)9] W& Z=x51Th.
ABTS stock solution 7 mM ABTS 50 mL9} 140 mM
K5S,05 88 HLE‘ _@6‘3—6]—04 14-16/\12_]_' %?_]' %]'{\:loﬂﬁ ‘ﬂ"g‘/‘]ﬂ
radicalS RBAAFLE o] 50% ethanol¥} 1:88 H|&ZE 410]
734 nmoj| A EF % grol 0.7+0.027} HE = Z@dla] A3t
ABTS solutiong & Ago] ARSIt 200 uLo] H=4 5
257} 4 mL9) ABTS solutiong 23}5}9] vortexing g+ & 1.5
B A 5l0] ¥FSAl7]| 1 734 nm2] wHolM BT e &3
sttt 33] BHE Agste] 42 AAE HHoE AL Fe
2 e o™ ABTS radical A7%5(%)2 (1 - Absorbance
of sample / absorbance of control) x 10022 Ao}t

2.5. Antioxidant protection factor (PF) 5%

PF =42 Andarwulan¥} Shetty (1999)9] 'S #5194
t}. 10 mgQ] B-carotene= 50 mLY| chloroformo] &A1 &
H 5 mLE T 555710 42 T, 40°CE AHH 55718
&5l chloroforms SFAIZ L S7E0] 14 golz|7t | 4
Ejo] linoleic acid 100 pL, Tween 40 920 pLE o] & &3
AlZl o HyO, 89 250 mLE 37F5ke] emulsion FEIZ A
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£33k o]EA HEol7 emulsion 5 mLo| HE4 FE&
100 uLE E33f 50°ColA] 3087 ¥REAIRl & 5k B3 Wzt

It

AA B FHAZ &, 470 nmollA FFE=E S5
AsL 33] "5l O™, PF 2 antioxidant protection
factor (PF) = Absorbance of sample / Absorbance of control

oz AXketAtt

2.6. Thiobarbituric acid reactive substances (TBARS)
Hits 25

TBARS A5 42 Buege?} Aust (1978)9] WS F=x
5}t 5% linoleic acid®}t 1% tween 402 &% 4lo] ¥I=
emulsion €4 0.8 mLe} Hls4 255 02 mLS &351991
50°C2] water bathE o]-85to] 1447 < WEGAIZ{H. o] %
TBA stock solution (15% trichloroacetic acid (TCA), 0.375%
thiobarbituric acid (TBA), 0.25 M HCl £3}9) 100 mLof| 2%
BHT 3 mLE 4]o]A A|%3t TBA reagent 4 mLE ¥ 1|
mLo] 90 ERAS 158 S Fr BE 0|8 FI
%, ¥Y4lE2]7|(Hanil Fleta 4, Hanil Science Industrial Co.,
Ltd., Incheon, Korea)E ARZsto] 1057F WZHA]Z7]31 2,000
(e} 400 xg)oH 20 Bk BHRASAT. YA T
AolA 1087 A3t ¥ 22 AEe] FHEES 532 nme)
oA gk AL 2% 33 HHE 24siglo,
TBARS A3l5(%)< (1 - Absorbance of sample / absorbance
of control) x 10002 AAIS}ATE.

2.7. @-Glucosidase Mofls =&

Tibbot¥} Skadsen (1996) o] HH-S 23519 a-glucosidase
A2 =45t 50 mM sodium succinate buffer (pH
6.8)2 ©0]&35}9) 5 mM p-nitrophenol-a-D-glucopyranoside
(PNPG) 7| AH-E TE31T}. o-Glucosidase from Saccharomyces
cerevisiae (SIGMA, G5003, 23U/mg)¥} sodium succinate
buffer (pH 6.8) o]-&s}o] 10 UmL E4HS TE3It. 37°C
water batho] 4N 0.1 mLE 1087 18- A]7] & ¥k

=
TFole Hed #E€ 0.1 mL, 270l S/ 0.1 mLE

Y3l 712H 2 mLE F7I5k] 37°C water batho|A] 208 =<t
ARkeZ AlXl 2, 5% Na,CO; 3 mLE F7tsto] ¥ &
AZT. o]F, FF == 470nm2] 3ol SA5HoH, o-
glucosidase A 5(%) (1 - Absorbance of sample /
absorbance of control) x 10022 AAFSITE.

28 DAXELIZ B £5 HU2 F5 B9 HE

P AZE Kim 50149 P& Fusto] 122
UE B 25 2L T2 AgAgon], At g 33
g 3, 6, 12%2 2S5 AR UL Table 19] A
o, Az B et guk. @A 12E 208 59
Bl B F 85°CAH 5B B 7gstel gefstint. olof

9 YRR B 55 202 93 945 59 5, &
P03t FFS WSle] ot ol SE Fo  HolE T,
3 of ALOIA 1A} FO EBIL, 4°CIA 15
H

A YAAA F8E AxsIAT. AxE S D204 1
A7 B9 AR H LA 27)(15x15x15 mm)E As)

Q

2.9 FEXELIF E F£5 ZES Ffe JB9 FF
Y
2.9.1. ¥y M =4

DYEPUE B 25 20 H7H BB color valueks
A Z}A|(JP/CR-300 series, Minolta, Osaka, Japan)E ©]-&35}o]
B} ML (a%), FHE(b*E FH6IAL, 2+ A2
G 679 AEE AHgSle] 2T T, BEGS Aok A
A (AB)E [(L*Ly*)H(a*-a,*) +(b* by "2 ARSI

2.9.2. YA J|AY =XU &

9%789] texturer= rheometer (Compac-100, Sun Science
Co., Tokyo, Japan)g Z-&5t0] 7z} A2l T 5719] AlZE AR
5to] I (hardness), B2 4](springiness), 5% 4J(cohesiveness),
QR chewiness)S 27al5ic) 2 ARoIAE 717] A8 2

Table 1. Recipe of yanggaeng added with Spiraea salicifolia extract powder

Ingredients (g) 0% (Control) 3% 6% 12%
Spiraea salicifolia extract powder 0 3 6 12
Bean paste 100 97 94 88
Oligosaccharide 10 10 10 10
Agar powder 2 2 2 2
Salt 0.2 0.2 0.2 0.2
Water 70 70 70 70
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7L test type (texture), sample height (10 mm), sample width
(15 mm), adaptor type (circle), diameter (5 mm), table speed
(120 mm/min)2.2 A5t =33}t

2.9.3. Y49 olzt=td E4 It

P49 olafet BHoRE pH, BE, SRUAES B}
5190 97T} DWE 1:100.8 T3lslo] 255 E91 40°C
A] sonication (Powersonic 420, Hawsin, Gwangju, Korea)3t
o 3,000 rpm(F 900 xg)°flAl 1027+ Y& shof A
J5 U o]-&sto] £7gsI3itt. pH pH meter (Orion 3-star,
Thermo, Beverly, USA)E A&-5}0] 335 WHeE 24519 0H, o
T ESH 0-53% HY S FEA(PAL-1, Atago, Tokyo, Japan)=
33] 92 24519 2= Hygrometer (Rotronic A2
Hygromer, Rotronic Ag, Switzerland)E £3 53] HlEslo] =
gotltt. BE SAAYE BHdS AAlste 243=E ARES
k.
210, 2I5|=ELFF & = 220] ZUNE 29 A5EUf

TERPUT B 25 Bkl ArbE Al /5% B
AuoietE AEES Sty 0 oty 2088 tes
AN Wk e o, A, Sk 22, AR
J\SER BRAIH, ARAOR THaroma), 0| (odor), A
Th(sourness), £&k(bitterness), Tot(sweetness), 1] (aftertaste),
All(color), @] appearance), 7 (hardness), 4 3]4d(chewiness),
AA A QI 7] Sk (overall acceptability)S H7}slct. H7| =
HE 74 Ay A, e vEoh 27, vEh 33, 25
Brh 44, Bgolt; 53, 27 £ 64, £tk 74, W% £
th= ARSI, AEdistn A8-a24 99 ¥3](IRB)

Lok

(A)

OSolid M Phenolicextract

=

Q

[=]
T

*%

(%)

e
Q
T

=]
o
T

DPPH radical scavenging activity

N

Solid Phenolic extract
Concentration (100 pg/mL)

A9lE E3 $RI(IRB 591HE: KNU-2024-0537) B &

2.11. EHx{2/

BE AHS 3] o M 2Hole] HETEH  meant
SDIZ BANE. RAZTIT 222 T FUH L &
& A8 A9 BAHUE Broel T2IH o}g3le] 57 4
Y ttestS AAFAT DAZIIT B 25 B Frlolo]
Az F7io] A Ail= SPSS Statistics 29 (SPSS Inc.,
Chicago, IL, USA)E o]831e] 57 Asi0m, 15 7 3
Fo SIS A1 Aol LA B One-Way
ANOVAYS A3tk AR 709 SO3HS p<0.05, p<0.01

Szom wmeA s

1. 228 H=4 F=59 Y5/2HY Huw

HYZFUR & 35 E900A 71548S Uedie E40l
FA1A] Felsty] s ELe o] 1P E(solid) 2t #H=7d
ZZ&E(phenolic extract) 7+2] DPPH radical®} ABTS radical
Aol &5 AT B|iLokSith Fig. 1A°]A12} Zo] 5Y3t 100
pg/mL 504 17FEQ] DPPH radical 2452 12.86%E
UL, HEdEolAle 83.90%= m¢- w2 59 895
HATh E3F Fig. 1BA9} 2] 100 pg/mL F=oflA 1FE
9] ABTSY radical &A%< 7.89%29] 835 ey, H&
BEANA = 81.59%E B &2 2AGS Hirh 919 Ao
oAst] B RPUE B F5 299 AL 1FRE

T HisAdeol o8 advt 22 Acz weEln. ot

o

(B)

_a- Osolid B Phenclicextract
= 100 |
k7]
o Ex
LT 80 F
£
&
5 [=v]
S
s
o
5 40 r
p
h-]
) 20
o
@ =
< o
Solid Phenolic extract

Concentration (100 pg/mL)

Fig. 1. Comparison of solid and phenolic extract with 100 pg/mL from Spiraea salicifolia water extract powder on DPPH (A) and
ABTS (B) antioxidant activity. Solid refers to the crude water extract dissolved in distilled water (expressed as pg solid/mL), whereas
Phenolics indicates the phenolic-enriched fraction prepared by concentration and adjusted based on total phenolic content (TPC). Values
are mean+SD (n=3). Means with * above the bars indicate significant differences between solid and phenolics groups by t-test (p<0.01).
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A, o]F Agold= P UF & & LS 100, 200
ngmL TPC 5& 2Esto] A X3 HEd FE5352 AMES
o YRy B S

32 DAXELIE 8 £5 220 SHsY H5E 52

AlEE Ao A 13 AR 7]5HQ J2
TofohA] ehAnt R 2RE HafF Y & FH0 AA=2 W
ofst7] 913t 23 thAMEES 7HItK(Crozier &, 2011). 23} T
AFER GZR0|ER, EHLo|ER, HEA SRtE 59
9100 o[5S PAIS TN ofLjet Yehe, FAZE 4 5
o)t Aeleg 7158 AT ek e, S
=4 3HE2 phenolic hydroxyl”7]7} Qlo] &¥#d E= §
@, TJe A 24 1217 27} Bolent AR 5
7HA AL Qlo] Hold 4kt avE 7HA A Y. TS, B
I} AL 2-go] WHE WAL = ASE TAHA H
3 eFE Pk Ao et e EEsHA P
Th(Jangd} Jeong, 2010; Kim} Park, 2011).

2 Ao LYZHUR & 5 ELoA ot e
24 752 7 AoE gEXl FHed ey g
oA, 1 A3 1 g FE 7B 12.73 mgo sigshe HeA
SigtEo] EA5ke A 22 e th(Table 2). Lim 5(1961)
=l FE2A 1 g3 12.99 mg?] F¥54 sfet=E9
TS gelstltt. o] Aot Hlws] HotS uf, AR
Lt 2 FUo= IHEEY AR 229 SulE SRt
£0] 3= ZAo= wad £ Stk

0

[o)3\}
i

ox,

30 Ul of o B>

A

5
’
e

3.3. DPPH radical A5

FARRH| = radicalZ A ASH A4S ATsEAL A AA|
71 EAR] AeZ 2. o]z FAA7F 2+ free radical
o[t} §A19| peroxyl radicaloA $4 Ei= AAE Foot=
FEAE 28510} non-radical AFEZ FHAA AiE o
A|sto 7244 Z-&3tck(Crozier 5, 2011). kA DPPH radical
2ATE % FH S DPPH radicalo] F&&0] g5 o
U HEd IdFEY 4 FoF-E 2= Q8| DPPH-HO| ¥
B2 gso] 159 Mg QA He ZEE L83 FAE
a3 =4 "hHo|tkJeong, 2010; Kim3} Park, 2011). Z7g]%
HUE fs4 559 DPPH radical £A52 S A3
Fig. 2A°]A9} ZFo] 100, 200 pg/mL TPC wZo|A zZ+zt

Table 2. The phenolic contents in Spiraea salicifolia water extract
powder

Sample Total phenolic contents (mg/g)

Spiraea salicifolia water extract 12.730+0.26

https://www.ekosfop.or.kr

83.90%, 83.96%9] AAsS UEFHOH, o] positive
control2 AFR-E BHTHT} =74 Ul DPPH radicalo] tfgt
FASso] mle 43t Ao R TWHE T

3.4. ABTS radical 275

ABTS [2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)]
£ potassium persulfate?} §-3-5t0] JEZAE u]= ABTS &
0] radical (ABTS" )& 3459, o= JAIEHAIE whtd A
%t Alge] 9] FA0E B YHE ABTS & 584
B 71908 BT 2T o], WA L 44 AR
2 o doet s B9 B4 Wl ATHOR AE

4 QJthH(Lim, 2017). o]&|3t EACZ Q) ABTS radical
a7 EAYE FAeks BrolA de &8Ee ARl W
W F sholt}. Y ZFUF FEE2] ABTS radical £75
74 AT Fig. 2BoA 9} o] | 2PUR s FE5E
9] 100, 200 pg/mL TPC SZof|lA ZFZF 81.59%<2} 99.80%2]
FAEHE S Yetlo] 47450 TPC =2 HlF|sto] {94
02 ZI7NIHSE & 5 UAT} E3E positive control?] BHT
7F WeRd 57.6%, 80.46% HIs) Y53] w2 AR S Ut
W3t} Choi (2012)= Corydalis turtschaninovii, Scutellaria
barbata, Curcuma zedoaria 252] ABTS radical &A%50]|
100 pug/mL TPC FEo\|A 2+ 16.87%, 36.76%, 64.91%2]
BIF Uegtha Haskolo 2 At At vlwd o 227
ZHUE 259 ABTS radical £27450°] 5 582 <1
& Al on, FABAEH ] ARE FAEo] FHoldZ & 4

oict.

l..

30 mot

35 PF 28

Antioxidant protection factor= HAFSHA| 7} B-carotened} |
A Ars} B4 o] FAREQl BHASE radical i} WHE-Sto] HAE =
AL Aok YIF olgsiol A ASE 29 4 et
(Lim, 2017). Re|2PR By 2220 PF 24 248
A7} Fig. 2C0] EOo|%, 100, 200 pg/mL TPC SEo|A
0.97-1.09 PF &4 UefigloH, TPC sk o&Hos
S14el S o] Z71ERE AL BT 2 A}
positive control?] BHT7} Y3t 100, 200 pg/mL 5O A
100-1.04 PF 24& Uehdl A3} | malole o, mejxs
2 54 22809 PF A37} SS9l BHTSF SAKSH 4

AN A
S
o
1o
ro,
ﬂl?_l‘.
>
30
39,
o

3.6. TBARS Xfoffs

TBARS= Thiobarbituric acid-reactive substances2] 2FA}
2, A9 A 71271, TBA Al ¥hEaf H2ME 7HA
+= malondialdehyde®] AJAITFS S HBuege?} Aust, 1978).
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(A)

OPhenclicextract EEBHT
£ 100
2 i N.S
k1]
o
o 80
£
g
g _ 60
88
w
— 40 r
[
2
-
b 20
=X
&
D U 1 ]
100 200
Concentration (pug/mL)
OPhenolicextract MWEBHT
8
E 156 F
-
g £t
B
-
°a
5=
-
&
= 05
=)
=}
c
L4
U 1 ]

100 200
Concentration (pg/mL)

(B)

OPhenolicextract EMBHT
100 -

80

40 |

20

ABTS radical scavenging activity
(%)

100 200
Concentration (pg/mL)

(D)

OPhenclicextract B BHT

=
(=]
T

oo
=

.
=

TBARS inhibition activity
(%)

(=]
=

100 200
Concentration (pg/mL)

Fig. 2. Antioxidant activities of phenolic extract from Spiraea salicifolia water extract powder. (A), DPPH; (B), ABTS; (C), antioxidant

protection factor; (D), TBARS inhibition. Values are mean+SD (n=3). Means with =

above the bars indicate significant differences

between 100 and 200 pg/mL concentration groups by t-test (p<0.01). NS, not significant.

£ Aolxs AU ]l"—/“ %Z80°] malondialdehyde?]
HAE ot oAlsen] Salske Age Axjstge, |
29| TBARS Adlls &4 A= Fig 2D} At} Alg &5
9] 100 pg/mL TPC BEoA= 12.28%9] F2 A5 HY
01} 200 pg/mL TPC B EoA % 47.76%2] H| T A =2 A5)
£0] YeHTE Kim (2009)°] 95% ethanol® &3+ HEY| &
o] 100 ug/mL FEAH 43.37%2] Aoh&e Boirke An
NZstge o, RXFUT Hsy FEEE W9 vk
0] TUSFEE Ueol, X84 2ol die sk e

B85 e FAT & Yk

3.7. @-Glucosidase X{ofs

drote § 5TOIU glycogendt Zo] o-ERE ke

glucoseS 7HA &= dH+= o-amylase©] 98] Exgolu A5
o= gt oA &E3iE TR T a-glucosidaseo] 2
of ZEFo = H3gto] Hrt. o] uff o-glucosidased] A|5f= T+
59 235 Adfiota, 4% S HaA7|=t aFolrt

308

(Xu 5, 2011). BEZRFUT 2559 T &£ T gt
Aefars doti 7] 1) S42 a-glucosidase Aol A}
= Fig. 39049} Zo] Z+2zF 100, 200 pg/mL TPC wLojA]
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IE FH0E Adfso] FoHle As & = AUSIHh E3
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80| T & 2a Adfo] ¢ FE 79T 7Feio] S
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Fig. 3. o-Glucosidase inhibitory activity of phenolic extract from
Spiraea salicifolia water extract powder. Epigallocatechin gallate
(EGCG) was used as a positive control. Values are mean+SD.
(n=3). Means with * above the bars indicate significant differences
between 100 and 200 pg/mL concentration groups by t-test (p<0.01).
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HUEE Y ane tzo] 7.652 71 B 2]
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itk ol HYF Hlo| 2] o] MElZTIR B 55 B
o A 189 Mol I} H= EHOE FaT Ao
w9l

=S Uehfit bre f2olA 7372 trehjglo
o] H7} u]go] F7USE bro] 6.57-6.060.2 HopAl
WS Bt o] T Festel B WYRIUR B
33 29 199 o] L¥, o, brol BF G TAE 2L
% 4 giglom, B A% A Brbele AR FEA Ao
Bslo] FFE B1A & 9 Zoletn e g

3.8.2. SOl J|AN =xL
IRPUYE & 3 TS AR 389 7IAA 227
A% A= Table 40 YRSt WA, 7% (hardness)
I R0l 262847 glem’E 7P E¥IL, Bl

o
b
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Appearance

Fig. 4. Appearance of yanggaeng prepared with different concentrations (0, 3, 6, and 12%, w/w, based on bean paste) of Spiraea
salicifolia water extract powder. All samples were prepared using the same formulation, consisting of bean paste, oligosaccharide, agar,
salt, and water, with only the level of S. salicifolia extract powder varied among treatments.

Table 3. Color values of yanggaeng added with different contents of Spiraea salicifolia water extract powder

Group (%) Color value"

L* a® b* AE
0 (Control) 30.02+0.629% 7.65+0.63¢ 7.37+0.75 0
3 28.83+0.08° 5.88+0.17° 6.57+0.23° 1.42
6 27.7240.14° 5.30+0.34° 6.24+0.26° 5.29
12 26.56+0.18" 4.75+0.44° 6.06+0.34* 11.95

DL, degree of lightness (+100=white, O=black); a*, degree of redness (+100=red, -80=green); b*, degree of yellowness (+70=yellow, -70=blue); AE,

overall color difference.
PAll values are meantSD (n=3).

Means with different superscript letters in the same column are significantly different at p<0.05 by Duncan’s multiple range test (d>c>b>a).
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Table 4. Textural properties of yanggaeng added with different contents of Spiraea salicifolia water extract powder

Group (%) Texture

Hardness (g/cm’)

Springiness (%)

Cohesiveness (%) Chewiness (g)

0 (Control) 2628.47+85.99"%2 121.62+1.60°

3 2507.31+83.81° 105.67+1.70°
6 2488.12+14.36" 103.89+0.55®
12 2445.49+67.22° 101.58+1.97°

106.12+4.11° 603.33+33.54°

72.0442.13° 569.40+11.82°
69.83+0.75° 548.68+9.77%
52.08+3.35% 520.72+25.52°

DAIl values are mean+SD (n=3).

YMeans with different superscript letters in the same column are significantly different at p<0.05 by Duncan’s multiple range test (d>c>b>a).

7} H](3-12%)0] 27} 2507.31-2445.49 glem’E AR
7 AR OR Yol Ao thehilth. o] A mel 2
UR g 23 2uo) 47139l 2710 o) o] Saake
slo] ZtAast= Ao g motE|Qict el A(springiness) R
0] 121.62%% 7FF =Qtom, Huto] Hylo| wzl 105.67-
101.58%2] 23S Jehjo] =& 9|2z o2 egio] Holx]
= A& FI5H9th 33 A(cohesiveness)S T Zwto] 106.12%
oI, R} A7k Z7belo] wek 72.04-52.08%2 Lehit
A7}eko] ZrFeaE QAL Uolrs A q_ Bt} A3
AJ(chewiness)y2 T &-0] 603.33 g0 & 7} &4 YEto
HEYRFUR B 22 B 12% F71E0] 52072 ¢& 7P @
A ek, o8 B9, mAZEUR B 23 20 A/
o] F7HerS SUAE ol RS & & AT o4
AnE vigow s o AZ A WAZTIR B 23 2
O] 7= FABY B0 B2 2 mAH, B4l A
oA 2= W oA NS H7iste d& 875k Ao
vl Alsic . westt.

- =

3.8.3. A9l olststy EM

W ZFUT & 55 EUG-12%)y F7Isto] Azxet 378
9] pH, T, ﬂ%‘éE-’] £443= Table 55 &5 T
UTE FH7REQ RS pH= 6552 YEN oW, Bej2d

ol A
=

U & 32 292 A7heel mWE 6.43-6.07=2 pH7E WobX]
© 2345 Btk £ Ao AR HERHUE & 22 2
T9] pHE 48602 FRIHglon, o|= QI8 & M7t
789 pHE H2A7|E A2 58 o SI9IT Oh (2017)
5Ol At Ao E 2 H7F FTM Aot E EEe A
7kgol] gordaE pH7E Hashs Aot BlustelE o A
o FIde I 4 A3 BHRPUE € FE LTS
Aot Azt F789] Y 22 3% H7F 4780l
3.87 °BrixZ 7P &3tom, £Te] 7t mE {229l At
ol Ho|x] 9itt RS E RFo] 1.02 AwRE =7
Holi, WeZHUE B £5 Bto] F7ko] we} 1.04-106
AwE et SEFAEE Zo] Z715he AFL Lrehhlc
ol Kwon 5(2021)°] F& 4% Bt @rlgpo] Z71e4s
B9 U0l ol A7 ISk Ze Py wston
2 dFolMe AR ZEREur & & B R B
ol S7tete] ¥ FEEAECE YT E Ao
fachee

3.9. Ze[ZXELIF £ F= FE/0 FUfE A9 H5E
EA
= o

HAZHUR B 35 BUC-12%)°] F7HE 3739 B
7135 H7H= Table 63t o] Uestth WA, F78<] Faroma)

Table 5. Physicochemical properties of yanggaeng with different contents of Spiraea salicifolia water extract powder

Group (%) Properties
pH Sugar content (°Brix) Water activity (Aw)
0 (Control) 6.55+0.04"9 3.87+0.06° 1.02+0.02°
3 6.43£0.01° 3.3740.12° 1.04+0.01°
6 6.30+£0.00° 3.70£0.10° 1.04+0.01°
12 6.07+0.02* 3.8340.06° 1.06+0.01°

DAll values are meantSD (n=3).

JMeans with different superscript letters in the same column are significantly different at p<0.05 by Duncan’s multiple range test (d>c>b>a).
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Table 6. Sensory characteristics of yanggaeng added with different contents of Spiraea salicifolia water extract powder

n

Properties Sensory evaluation score
0% (Control) 3% 6% 12%
Flavor Aroma 4,751,559 4.70+1.35° 3.55+1.36° 3.50+1.40°
Odor 3.20+1.83° 4.05+1.43" 4.50+1.43° 425+1.61"
Taste Sourness 2.60+1.80° 2.75%1.89° 2.45+1.53° 2.55+1.53"
Sweetness 5.20+1.57° 5.20+1.21° 4.90+1.14° 4.70+1.52°
Bittersness 2.40+1.69" 2.75+1.89° 2.70+1.62° 3.10+1.79°
Aftertaste 4.65+1.88" 4.30+1.82° 3.95+1.66" 3.75+1.89°
Color 4.95+1.20° 5.10+1.18° 5.40+1.36" 5.05+1.56°
Appearance 5.20£1.17° 5.40+1.20° 5.55+1.12° 5.35%1.19°
Texture Hardness 4.75+1.58" 4.60+1.24° 4.00+£1.30® 3.30+1.38"
Chewiness 4.80+1.36 4.85+1.11° 4.10£1.34® 3.65+1.31°
Overall acceptability 5.50+1.53" 5.60+1.07° 4.40+1.24° 4.00+1.34°

YSensory scores were evaluated using a 7-point scale (1=very bad, 7=very good).

DAl values are meantSD (n=20).

Means with different superscript letters in the same row are significantly different at p<0.05 by Duncan’s multiple range test (d>c>b>a).

2 WERPUR & 35 EZo] H7IER] F2 tjRo] 475
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