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Quality Characteristics of Sikhye Supplemented with Different Levels of
Pine Needle Extract Pretreated with Ultrasound and Enzyme
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Abstract

Sikhye is a traditional fermented beverage primarily made from malt syrup and rice through a saccharification process.
Recent research has focused on enhancing its quality and nutritional value by incorporating various functional ingredients.
Pine needles, the leaves of evergreen trees in the Pinaceae family, are a representative conifer in East Asia. They
contain several physiologically active compounds known for their antioxidant, anti-inflammatory, and antibacterial
properties. In this study, sikhye was prepared using different amounts of pine needle extract that had been treated
with ultrasound and the enzyme Pectinex. The control group consisted of 100% malt syrup extract, while the experimental
groups included 3%, 6%, and 9% pine needle extract replacing malt syrup extract. The results showed that turbidity,
a value, and b value significantly increased with higher amounts of pine nedle extract, whereas pH, sweetness, and
L value decreased (p<0.001). The total polyphenol and total flavonoid content, along with DPPH and ABTS radical
scavenging activities, were significantly higher in the experimental groups compared to the control, with the 9% addition
group exhibiting the highest values (p<0.001). Characteristic difference tests indicated that the intensity of pine needle
color, scent, taste, and sourness increased with the amount added (p<0.001). Preference levels were highest for the
control and the 6% addition groups (p<0.001). These findings suggest that sikhye formulated with 6% ultrasound and
Pectinex-treated pine needle extract is the most suitable option.

Keywords: Sikhye, Pine(Pinus densiflora) needles, Quality characteristics, Enzyme treatment, Ultrasound treatment
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b 3.20+0.01° 3.43£0.01° 3.55+0.01° 3.7240.01¢ 2852611

D Values are Mean + SD

2 *d\eans within row with different superscripts are significantly different
(»<0.05) by one-way ANOVA followed by Duncan’s multiple range test.

9 "™h<0.001

(£ 3) Z3ust 84 MA2| £9 FEY Hot| mE Ase & Z2ins g2at & Z2t20/|E &%, DPPH 2|z
275, ABTS 2|zt A7is
T )z 3% 6% 9% F-value
% Zg9¥=(mg GAE/mL) | 56.75£4.19*Y | 67.03+1.051° 71.87+0.002° 79.13+0.001¢ 56.655""
% ZHxo]=(mg QE/mL) 2.89+0.09° 3.86+0.08° 4.30+0.09° 4.57+0.12¢ 176.121"
DPPH 2tz 2A5(%) 31.28+0.18? 35.50+0.10° 40.02+0.17¢ 43.95+0.05¢ 5092.112""
ABTS &tz 275(%) 64.30+0.38" 81.96+0.48° 83.73+0.60° 87.3340.05¢ 1711.180™"

Y Values are Mean + SD

2 *i\feans within row with different superscripts are significantly different
(»<0.05) by one-way ANOVA followed by Duncan’s multiple range test.

) ™p<0.001
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7 wekom, 3% H7kre 67.03 mgGAE./mL, 6% 3
742 71.87 mgGAE./mL, 9% 712 79.13 mgGAE.
/mLE F Fe)E o] Hrh S7tel wheh frolahl
57k 2. (p<0.001), ©] NS H7}alA|
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O}(I_, o)lt
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=3 T =

2 oz oll vl al 1.18~1.39u) 7k F2]ofet. uhd <4 (2
015)2] 29 ¥ 47} ofo| =z o] 5 Fejols ol

=

247}%11 w2t F7Fskg o, ol &
7333l olo| ~a FL A%
2], 71937(2011)] £9 2
2oz dFo] wold Sl ujet
|5-2] 2735 7i sk dl 5 4%l
B st Gict. o)A, o]F5(2013)9] &9l &
A A o] LA vJﬂol A, &9
U—Jrg]_ = ila/]uﬂb-_ -al-ako] 1*4-/\ 57].01_0:1 ]
S H7F e 2 2E o Wt 2 S AAlE=
71e4& 7hsAd o] Arkar & k. HEgk 84-74(2024a) 2] oF
2FH 7t AelE bl SRS & EYds
Z7Fetaon, ol ofo] ksl A4S 7Rke
= HEA ) T2 AeEd 2H42 &84 7t
AL shlet. Bhtd(2014) 9] AduE A
| AzelA FEE0] F71Ee et
7FFAAL, o= Auut FEE] &
2 o]P = G7] wiFolzkar k3t Al
(2017)] Aelek 25 A7} 28] Zelde2
o] H7h v &0 HETE T EoulEe] ol &
aiottl o] &l Sy Holde Eejuleo] A At
skl f27]18 AATT o= A | kst &
E‘r% Zlolgfal ettt o] oo 27 &
(I Z 9], 2024), 23 (AM A1F, 2016), 2H(FA14 <,
2016), ofZ ol &AM, e, 2020), MARE(FF
3, 2021), oJF(0]210], 2019), A R2(EHFA}, 324,20
16) 37} s M ® £ Ao} 2 A5 1ot net
A, —f—%% F= 7 AEl= A2 75 st ofy
2k AR TN ol Ego] E Ao g Helrt,
1= 3Feke) th 272 2.89 mgQE/mL O &
ok, 3% 7L 3.86 mgQE/mL, 6% 72
4.30 mgQE/mL, 9% 712 4.57 mgQE/mLZ % %—E}
ol = gho] H7beF F bl whet ol st Al Tk L
H(p<0.001), °|= Z NS FH7FeHA] 2 vl 2wt
Bl 1.34~1.588] =& F=xJo|t}. A 2](2009)= =
Z)uls gl SebE o] ER-o gheka ksl o] B

=

Fof 2900 428
2 % 9g Aolet e
B IR A% 5
F7kstgom, ol
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HE
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b0
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40l ==
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o] actal she] & Ze]¥E &, DPPH 2Ho|Z 2 7%,
ABTS 2}tz 275 0llA A7 <ol wheb S
T3k o] A U Ao g Belth YA 2(2012)2] £
A7ysle] A x5 & A 0] Ae] F Zu}H o)
A7heFo] S7VERE ol F7ts itk SA|
] 2](2016)2] 2.1 FFH ulbed(2014)2] Azt A4
EE A7} 2ElE 47k FEEo] S/l vﬂrﬂ‘r%%
gl o= o] o] wmolx=tl, ol FEE T
FetRo|=rt AE R o] 7] wFelztaL 3% D}
o] Qo & of (0] 10, 2019), AXIZ(Fa AL, 24, 20
16), SF&(34, 2024b), 712K 0178-E, 2017), =)
(MAE, 2016) A7} 28| oA 2 Ao} 22 A7) et
et
DPPH 2}t)zt 27A% 9] x2S 31.28%2 714 w3t
o1, 3% A7HEL 35.50%, 6% A7 40.02%, 9% 3
72 43.95% = £ FENS HrIshA] g2 vzl
H|&) 7} 1.14~1.414) Z7}8)e] DPPH o)z 27

=0
H=

slako

= Shre Ruuwy
=0y

Al

o L A R=1eA

i5o] Arkege] Z7hgl whek §-215H 27k Aiek(p<0.0
01). ol %91 F% ) ol EAISHE 2 Bejols, Fet

o=l e 3t 52 o) FU kol Ikl St
dlo g Heltt &1 9)(2015)0] &9l ¢ 7t F4
Oﬂf‘ Ee] H7hsFe] S7stel w2k DPPH 2huZt 427
}o} oH, Riaiae i potshe o
o2 HIlvhal shltt. WAad(2013)9] &9 BT
7hgo] vl gsto] DPPH 2t t) 2 2271%50]
&9l o] gitsl Z29l 4—hydr0xy—5—met
hyl-3[2h]-furan¥} (+)-catechino] vjz}}e] drtals
7M1 Aol2kaL sh3ltt. o] 42, 0]E%(2013)9] g—gg
T A7 AR A ol A= £ A7l vlEEke D
PPH 2}tz &27]50] S7F8l it o] 3t A= &9l
st Ao 2 RE fef Ao &9l EE V= A
o] 2ol ket a2 Ko Zlole} st et vt
1(2014) ] 7| ujut = 5= 37} 48] 2] DPPH 2}

aoET TTeEE Tu

ol &e

U 2% F5E W7} lgol thet Z7kstglu, o]
£ 7jute] @4 S Ho] Yaks BAS AU gon,
o2 Fg3to] 432 AxHAL i Fus TA}

=

—_

AR Aoz U A A SR T AF o
24 7F5de] ok seltk. AAEQ013)2) AT 5
FEu7H A2 2(2016)2) 9 Ti5a) H7k A3l oA =
#7kego] 7kl uke} DPPH ehelz 27450 Z745t]
31, o] Zzbe] 23 o] Hale] PAEF5-S F7H7 7]
549 43le] A7k @ 5 ek sde. o] SlelE Qg1
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(FaAh, F24, 2016), 6F(0]210], 2019), AR (F L, 9% H7F 16.02 units/LE H7HF F7}ell uhe} £-2] 4
8, 2021), ol 2UoKF A, £, 2020), oFE(FF 02 743 ITH(p<0.001). a-Glucosidase 2= A8
7, 2024a) H7}F AaoM = & Aok e dakE B nﬂz% tHl 3% H7HEE 6.39%, 6% H7hE 53.7
o ool £ A= Felo] Feluls, FHhE oo 2L 0%, 9% H7kEE 68.47%7} S71EE 740]@ Z274 2120

a

kst Aol &4 F= 7 A4l DPPH =tz

eg 771, AR s £ 28 AV e ¥
28} B8 7ha 7154 Al 2 o) 7hs Aol e Al
= Azt

ABTS &z 2A% 9] U272 64.30%, 3% H7Ht
£ 81.90%, 6% H7HES 83.70%, 9% HA7F& 87.33%
2 &9 F299] HrleFo] S7skel wet ABTS =z
2T E ol 718k Atk(p<0.001). o= &9 &
oS H7VebA] ek thztoll va) Hko] 1.28~1.364)
S7kste] SHd DPPH 2ttt &7fs Ao} o] &9 5
2N Uldll A8k atsl B2 f-wke] M7kl vl
g3l F71ek Zlo] YloZ Bl ©]Qle|(2019)2] o5

ﬂﬂ 2] el A %%% 7 el w2k ABTS 2t

ol STkt l: AF FEZES o]&5) 23
Az *l ARl & 04“ o] F7FekrhaL sk k. £+
FE(2021)2] ARE B 25 37} 28| M = 7ol

[¢

N

-’F%

m\U

_l_

= O

'L

>ru1

===11

TE=

Z7¥3tell wheh ABTS 2l 27)%50] Z7hsh e, of
= A el ol 223, vk C, 77140 e )

5200t ] 9171 dzeleln shsich. o]l el

B ATolA 29 FF9e] W] F/HE4S ABTS
el L%l Spalsiee, oleld B £l 3

gy

Al3||Q| «-Glucosidase =

z2uel a4 A2l & A H7lekol mh2 23] 2
a-Glucosidase B =+ >9l 2t} ) 72 50.80u

nits/L, 3% 7} 47.55 units/L, 6% 7} 23.52 units/

RS

<4

A= >~
= EE 9T FEE

443 AT 5 Ik Set.

Glucosidase &A= #3]&0] &

10)=
‘8:1

o W st Tsol Yol A
(2013): a-

9%, 2%

3T

ﬁ_;

,5:0]

Hl
rlo
Q
o)
[
o
o
2,
o,
f<~)
w2
(D

A& ok

A Eof 215 43
ERE S
6:]]—— 7<-17].El:o] =
7k 57kste] 4

Zloleba 47t

2

by
&

)
2

>y
[

)
Lo

e oofr

N,

Ao
= PR =
{0 l"ﬂ
oy MU

{122 oX,
)

t

=2

R

o
o

& YEA E}(p<0.001). 9
L o 2174(6.92), 6%(6.40), 3%(6.08), 9%(4.32) =2
2 22 AFTNME 6% H7hrol 7P =gko,
9% FH7krol H o7 v H71E wekth(p<0.001).

9]
AHZ2(2013)2] HF Z2ZE(20%, 40%, 60%, 80%, 10

(E 4y Z2aiet 84 Mx2| 22 F2Y MIlzl| W2 Mg «-Glucosidase EME (units/L)
Control 3% 6% 9% F-value
50.80+7.59°Y2 47.55+5.73° 23.52+1.56° 16.02+1.56° 37.637°)

D Values are Mean + SD

D *PMeans within row with different superscripts are significantly different
(»<0.05) by one-way ANOVA followed by Duncan’s multiple range test.

3)

p<0.001
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(% 5) Z3met 4 M2 £ F2Y I mE Alsel asdA
T = 3% 6% 9% F-value
29 A 2.12+1.83*? 4.60+1.68° 4.82+1.93° 6.98+1.71° 61.725™
=4 < F 2.02+1.80° 4.62+2.08° 4.7242.29° 6.32+2.49° 33.308™
€as %9 ot 1.90+1.33° 4.94+2.31° 5.30+2.13° 6.88+2.11° 53.945™
28k 1.82+1.22° 2.48+1.91% 2.54+1.89" 2.9442.24° 3.135
ol 6.92+1.50° 6.08+1.72° 6.40+1.70" 4.32+1.99° 21.046™
ut 6.7241.81° 6.00+1.94° 6.34+2.07° 4.40+2.03° 13.499™"
A 6.20+1.65" 6.001.60° 6.22+1.79° 4.3442.04% 12.963""
kA 3n) 6.3242.06° 5.48+1.85 6.24+1.73% 4.60+2.04° 8.646™"
= d7 6.86%1.50° 6.56+1.58" 6.16£1.62" 5.68+1.89° 4.780"
wkek z 2|7} 6.14+1.87 5.94+1.85 5.86+1.70 5.56+1.82 0.883
A 715w 6.96+1.55° 5.92+1.85° 6.70+1.47° 4.62+1.95° 18.724™"

Y Values are Mean + SD

? *°Means within row with different superscripts are significantly different
(»<0.05) by one-way ANOVA followed by Duncan’s multiple range test.

3 ™p<0.001 “p<0.01 "p<0.05

0%)= H7kek 239 ot Vs %+ &5 A7 60%7t
7H¢ =A vehaL i 2wto] 71 BHA vrEbst T 8tk
TR ) 2174(6.72), 6%(6.34), 3%(6.00), 9%(4.40) &2
2 2T, 6% H7RE, 3% H7hE Zke] fro A<l zho) 7}
AR fo)H o2 E=ghth(p<0.001).
ol&= e—lﬁ 28 e S <F 1>0lM £ FEH 9% H
7hte] BErt 71 WAl vehd Flo] ofdkg mlxl o=
Rtk g9 20(2005)2] £ o] H7FH1%, 3%,
5%)°l W2 ol A ke 2T Hu &9 Hrlske] &
7V gho] AetE AL, oA, o]F5(2013)2] £
F A7V 2%, 4%, 6%, 8%)°ll WHE 2 x| A] o] Lol A
Z, 2%, 4% 7oA 1214”1 ko] glo] =Tt
tol 2 A7 Ao} Ak AT A2 6%(6.22), tH
20), 3%(6.00), 9%(4.34) <=0 2 2, 3%, 6%
ko] {223l Apol= §l o m, 9% H7 e E Tt -2

EITHp<0.001). o= 4 A3 A= 574 < 2>
2o} g4 A £ FE2N Hrlo] Uz
T ol A|aL, A el e = Frlste] £9)
o] HH9%)eHA 7= Ao thet 7| s =7} vt
A JeER = Ao 2 Holt), A18-8(2014)¢] £ W7} &
F(3%, 6%, 9%)lIA e &21S HrIshA] gL v =
o] 7} gkol & QkaL, 9% H7ktol 71 wgkrhar sk qict.
£l 2](2015)9] £ 2 H71H0.2%, 0.4%, 0.6%,
0.8%)°] W2 FHA = 0.2% H7lro] /M8 =2 3k

of & ﬂlﬂ

N

(

Pméﬁirﬂﬂrlrﬂﬁ
}‘mrN

o2 o f

BT, 0.4% 7t 5E ghol ZHAaskickaL skt 61:13]
B O 274(6.32), 6%(6.24), 3%(5.48), 9%(4.60) &=
277 6% 7 Tke] f-2) A<l o= %A#D% 9%
7R o H 0 2 Z3hth(p<0.001). oML, olF%
(2013)9] &9 =4 7 2AAA 0] A9 ‘Ghﬂl—b o=,
2%, 4% FA7 Abol ol fre] A9l fol= YIATEAL 3k,
5-31(2014) 9] £ 7T FFellM = 2ol 7 =3k
L, 9% F7ko] 71 wittkar ket & a2t
(6.86), 3%(6.56), 6%(6.16), 9%(5.68) =22 o =73}
3% F7ho] ol AQl akel 7t gl e, 9% H7 b r Tt
Frolxow l.jﬂom}(p<0 01). %&32(2014)2] &<l 7}
ggoA] 5 die dzo] 7P w2 HE Wk
9% H7kro] 71 v A4S wiokrh Wk 22 B
€ A5 7k Frol ARl Ao 7h VrelLbA] gkt A R
(1997)9] &, AR 2], AR 2|5 gt 23| o #sHAL =
e 22N T AETFE 7He foF 2po]E HolA]
ororth. AR A 715 EE th27(6.96), 6%(6.70), 3%(5.9
2), 9%(4.62) =0 2 |27} 6% A7HE 7ke] H-o) A9l
zpoli= YehA] 949k om, 9% 7Rt o] Ao 2 =
ATHP<0.001). =2 2J(2015)2] £¢] Bk A7} FHo
A ARA 73 5= 0.2% H7hEo] 7P A VRt A
e ©](2005)2] &8 22 H7F FFolAE 3% ko]
7V =Sk 3, =F38](2013)9] £ BEe] Wb

(2%, 4%, 6%, 8%) 0l wh-& 7§ 2d2F}2] 7] & ol A o 2=t
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ol v]8)] H7}r-ollA] Yo ko] JERG AR, t 2 2%
A7kl el A9l zhol7} vhehtA] exghel shich.
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IV, QoF

&8 F2 Hrpe] Skl uhet %91%49& FAENC R
o H, Bt F7 18 STH(p<0.001). A PANS

FaL a T b #2 FolH o= st Aiu}(p<o, . %
EFejds3t F Sehiizol= 3, DPPHS ABTS 2t
Z S5 A7Fo| kel whel frelH o2 Zvtekirt

9, [

(¢<0.001). 3F B42 ksl a-Glucosidase T4
S gl TS felHow Pasdrkp<
0.001)

BN AT, B4 BT 2 £ A, £ F, 52
o, A8k 715k S7tol whe) frelH e Zrteelon,
5% gl oz, o, A, g, 237, AAIA 7| 5o
A HUE 3 6% D20l 1 e /|anE mion
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