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Abstract

Pine needles are the leaves of evergreen trees belonging to the Pinaceae family, recognized as representative conifers
in East Asia. They contain various physiologically active ingredients, including vitamin C, vitamin A, beta-carotene,
flavonoids, terpenes, and tannins. These components have been reported to exhibit beneficial physiological activities
such as antioxidant, anti-inflammatory, and antibacterial effects. In this study, we compared six treatment groups: Hot
Water Treatment(HW), Ultrasound(US), Viscozyme(VZ), Pectinex(PN), a combination of Ultrasound and Viscozyme
USVZ), and a combination of Ultrasound and Pectinex(USPN). All experimental groups showed significantly lower
pH values than the HW group, with USPN exhibiting the lowest pH(p<0.001). Additionally, all experimental groups
demonstrated significantly higher sweetness and turbidity compared to HW, with USPN showing the highest values
in particular. Color analysis, revealed decreased L values, increased a values, and decreased b values across all experimental
groups(p<0.001). The total polyphenol and flavonoid content, along with DPPH and ABTS radical scavenging activity
were highest in the USPN group(p<0.001). Measurements of a-glucosidase activity indicated that all experimental groups
exhibited significantly lower activity than the HW group, confirming high a-glucosidase inhibitory activity. These results
suggest that the combined pretreatment of Ultrasound and Pectinex is effective in extracting functional components
from pine needles and enhancing antioxidant and antidiabetic activities.
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et 24+ A& 20uL e} Master Buffer Mix(Assay Buffer
200uL, a-NPG 8uL)E ®F3 solF ¥ EF3=A
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Z3(IBM SPSS Statistics 20.0, IBM SPSS Co., New
York, USA)& o] &3te] Haghat 2FHAE 38,
A2 ol b2 £ 25 5 7] Afo] HF2 U vl
2] EAF 22 (one-way ANOVA)S, AFF 752 Duncan’s

testS o]-&3l A Frolds A3

m 23 9 33
1. FAE Wl M2 29 F5YS YE Y pH,
%=
£9) 2399 FE, pH, Bt <E 1>3 2o BuE

0.80~2.10Brix%°|™, ¥4 %<2 HWE 0.80Brix%2]

(E 1) Hx{2| ¢l M2 &9 FEAH| & U pH, BT
T HW" US vZ PN uUsvz USPN F-value
D= (Brix%) | 0.80+£0.001* | 1.20+£0.001° | 1.80:£0.001° | 1.90+0.001¢ | 2.00£0.001°¢ | 2.10+0.001" | 80000.000""¥
pH 4.42+0.001% | 4.38+0.001° | 4.38+0.006° | 4.38+0.010° | 4.36+0.001° | 4.34+0.001° 87.020""
g5 0.29+0.001°2% | 0.66+0.002° | 0.61£0.002° | 0.67+0.002¢ | 0.73+0.002° | 1.54+0.002" | 150977.985""

D HW: Hot Water 4 32, US: Ultrasound =53 32,

VZ: Viscozyme =],

PN: Pectinex * 2], USVZ: Ultrasound +Viscozyme*]2], USPN: Ultrasound+Pectinex*] |

2 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.

D p<0.001
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2]t Arc} 2839} Pectinex B3 g]7} 2k #HEE
AR §F0] Z7I13F Aoz Belth 253} &g ATl
31, A4 E(2012) 2] & HEH 229 A T35k
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(Z 2) Hxz2| Lol e £ FEH M

T HW" Us \4 PN usvz USPN F-value
L | 55.72£0.020%% | 51.49+0.012° | 50.43+0.015% | 49.93+0.012° | 49.39+0.002" | 48.10+0.006" | 13108.016""
a 0.56:0.006" 0.71£0.006" | 1.03£0.010° | 1.15+0.017% | 1.59+0.006° | 1.75+0.010" | 6704.356™"
b 6.04:£0.006" 5.08+0.029° | 3.35+0.020% | 3.21£0.002° | 1.74+£0.025" | 1.35+0.006" | 31120.050""

D HW: Hot Water 94 %%, US: Ultrasound %83} %%, VZ: Viscozyme *] 2], PN: Pectinex %], USVZ: Ultrasound

+Viscozyme=]2], USPN: Ultrasound+Pectinex*] 2]
? Values are Mean = SD

9 *Means within row with different superscripts are significantly different (»p<0.05) by one-way ANOVA

followed by Duncan’s multiple range test.
9 "p<0.001
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o] gatsl 3ol & ol & 2
PPHS} ABTS 27 &A%l i3k A3}

"
o
i

o

A

£

v

::1,
g
v}

rlr ]-([;

22 106.96~721.60mgG
W+ 106.96mgGAE/mLE
71 ekskom, A= 2)3 US 155.96mgGAE/
mL, VZ 412. 46mgGAE/mL, PN 431.82mgGAE/mLo]
Qar Bgt 222 Hx]2)3t USVZ 498.37mgGAE/mL, U
SPN 721.60mgGAE/mL2 2 £-2]42] 2}o]& Hrhp
<0.001). 223} AT7E 74A 9](2013)= Z2E] 2 A,
Zit 320 F FEEG e stgE e oF 14
uj) o4} ZAZITkaL 3F9de). o] R, $793(2022)

2 oo o FE W (L2 s d, 259 5) T

fufy
Ho
Sl
A=)
2
lo
¥ o
i
)
=
o
oot

257} FEoM Feluls ol P we FFS 1Y
T, ol 253 FEEF2R A& A X o] 3]y
°l J o® gy

PN
-3
>

2
\]
o Z
N
ofy
~
Q‘L
¢ 3R
o
£l
QL
32
o
t

o
o
©
=
i

<
e

-
BN
N
P OH
ox
[o
.0
B o
5%
N
n)
&2
flo
Jo
i
o,
M
lo,
oo
i
o
Ho

]—EE/\ =22 o8t A

ey F=2 88
o] Z7tst ﬁOla}i%}OﬂE‘r HAg], g4l
1(2019)2] Aol = FANE A7 4 A ] 27604
H3) B4 Aol & &

o l~l1\~r ol
i

4 ol
o
f
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zgx} 2](2020)2] Ag-ollA =
| 2] 34|

2 A SA A=,
e 28 #E ¥

oh3 aksick. 317 9

N e
X

= o]l 4

§2
o
>
us
b
A
N
[>
T

©
rir
=

K
A%
S
)

i

o}

o
o,
N Hir ku
o

e
il
o
fol
[
_}&
L)
o
f
i)

E

=2 A 9], 2010), 7B 2(R 49,
,2021), AA(HAF 2], 2009)°]
OSITﬂr ojof] 2 Aol M % 4 FEHTE G40
=M F ialiﬂi ShFo] obxl A2 A= Al
"’]E-‘E%‘/H Az E4S el FH=E AsE &
gito] &&0| 57}0}04 Uehd A2 Bl
E}HL ol= 32 65.11~318.57mgGE/mLo] ™,
ol HW+ 65.11mgGE/mL O 2 7} whoko
22 @A 2l8 US 70.31mgGE/mL, VZ 191.84m
gGE/mL, PN-2205.73mgGE/mLo|QaL, Bgt F&8 A
| 2]3F USVZE 259.73mgGE/mL, USPN-& 318.57mg
GE/mLZ f-2]4 2] 2ol & B Ath(p<0.001). F Ze}E =
ol= eF oA FEx7 el whet FEg Apo] & Hylon,
3] USVZ 2 USPN Hlite 2209} G4 E9hA g
EotE o= Ao frelgo] Suistd Ao He
280 X B A8 Oﬂ%g g7 9)(2017)E &
WLt B Z53h) op7heiu dnf el
glH o) ghape z%ﬁr +

oo ot
j;_, Nlﬂl o

)

%

e MR o

W

T
e

1o > o :‘i )

R

o of T Jlm
o2l

3

< Yetdo] 253t & A AelEAd AR 858
folaH st Yo, F EetH ol B & £
e gt M2 D3 Az aAVE Joka Bk
T A A A ATE K7 £1(2013)] AF-IM =
B A g2 2 ZkE eole ke vl A2t
o} 2o S B, o] A A Qe Al EHo]
7V Ea] Ho] Al Euto] B35 Hy FAlo 234 F vl

el vlaf F& g8 $olxl Autg A5
9t o) AF 2)(2021)2] AT E &
B9 & ZelH ol gako] 4 FA T vj§) &

ok &)
= 3=
2

Aol A e 2 Aol 22 A2 YA, 54
o3

/\;qa]kﬂ

Aele 242 AsA7Iv 552 o] 5} B
Ve shiHEE ol B F7PA71E Aole nustel
o} o] 8 Bl & AT, 25} Aelo Ak A &
Qo] AT £H2 AsAA AHBY B2 §5S &
of5}A she] Eefuwol= & A gol Foldl Aow B
shein),
420]

=

23k US 89.55%, VZ 90. 35%, PN-291.00%°] 2}
FZ 3407 A28 USVZE 91.38%, USPN-2 92.
3% ol F el 2o 2 B ATHp<0.001). T2, 285}, =
=kt B4 A7 dARkA o 2 G FEHY 2D
PPH 2ti 271558 Bo] &3l vl Ahitsh o) 2ol
A JFE TS ofnlgict. DPPH(1,1-diphenyl
-2-picryl-hydrazyl)= A& w]&= 2+ 29l free radical
24, T3 B el A $48 Folnen

(E 3) Hx{2| dHof mE £ FEHO| & EQlH=zt & ZClE0|= &2 Y DPPH o ABTS 2io|Zt &7 s
TH5 HWY US \4 PN Usvz USPN F-value

%_ %E/I‘ﬂ]% a2)3) b c d e f )
106.96+3.78°2) | 155.96+1.05° | 412.46+6.37° | 431.82+4.19 | 498.37+1.82° | 721.60+7.91" |6682.978

(mg GAE/mL)

% Behaicol=

65.11£9.018" |70.31:0.001% | 191.84+7.954°(205.73+0.001¢|259.55+3.008%318.57+6.016°| 974.800"""
(mg QE/mL)
DPPH 7
Aﬂf(}j)a 85.22+0.20° | 89.55+0.10° | 90.35+0.11° | 91.00+0.10° | 91.38+0.10° | 92.13+0.24" | 783.366
2V hroa W4
71— koK
AET;LE(}E)E 57.35+0.27* | 73.55+1.07° | 77.97+0.40° | 78.65+0.30° | 80.83+0.51¢ | 81.76+0.25 | 836.183
a6 (7o

I~ ==

D HW: Hot Water 9% =&,
+Viscozyme=] 2], USPN: Ultrasound+Pectinex+] 2]
Y Values are Mean = SD

US: Ultrasound %<3} 52, VZ: Viscozyme #2|, PN: Pectinex *]2], USVZ: Ultrasound

» *"Means within row with different superscripts are significantly different (»<0.05) by one-way ANOVA

followed by Duncan’s multiple range test.
Y "p<0.001
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Ao g Gt o] dg]E ©]83% DPPH itz &7 = detdch

2 sl S AR HE e (hdstal <9 FE99 ABTS &tz 2752 57.35~81.76 2
NP 2 WHOR, e FE2E T AR Rt 5 2 EF FE2QA HWE 57.35%%1 9, & 22 A4
2 F7}ol da] AF2-E 3 oA €], 2004; Blois, 195 2|8 US 73.55%, VZ 77.97%, PN 78.65%0°] AL, 28t
8; Molyneux, 2004). 53], vitamin C, polyphenol, & FZ& FHo=z HAAZ3t USVZ:= 80.83%, USPN
= ol Fof b3} A2 DPPHe}F ¥H-g38te] A& 81.76%= fro]A’l Atol& ESth(p<0.001). o= &<
GAA7|Y, F FeleE S A dAEAVE ol FERY 250 B B4 WY FE, 2500l a4 S
A2 LA E}(Za dﬁr 9] 2023; 0]5%9,2022). 2 5% F4o] ABTS &z 275 S U 9
S} A 2] I A AT 71 2](2017)9] AAFtollM= T As o T AT o] B3} 2)(2014)= v o] Ao E &
o7FRU- dullE %.%:r HJ‘:S( Fumk, 3 W7 28 & AEEkds o) 84 T Bk ABTS ol &7
ol mhba] &39S w DPPH 2tz 2752 25 T°| =7 Uehdtha Axjetddet, Zejssa St
I FEoA 7HE ot 25 TE 8 88 Aol W ol= 3k Fvtel vlEste] ABTS iz &A% gt
o] £EH Zlo = EI_’?S‘]- ek kA8 €1(2009)0] 34 S7keE AolgkaL shilnt. F-F 2(2022)9] B4 A2
e gl Aelx 5 W tetA] FEES AZSIEE o 2 AT el B4 FA T EY A4 M E T BE
o 253} FZ0] I *;:l"— B} 9.64% U B2 275S Aol 2 vERg e, A 2(2022)2] Aol
B 2539 34 B3l atsl &4 i 0] 80 & A B3 84 FEEo| dit dF FEERETG
Mk SFTh. B4 2= 7R £](2007)2] £4 % ABTS 2z 2750 oF 1.38] 71kt E3%
gol| i} 87] FEE2 DPPHE 848 AHEshA &2 (2024)] AFoA= B4E A7 EA AR 405 3

ol ujaj 24 o] 227 B HERA S eH, A& n] <]
Z318k, @)l wh

—I‘EE
(2014)2] Aol M= A 2] W (EA

£ Foh F3 1) DPPH 2hoi2t 27504 4 Al
F250| /MY e ARtE WROr, B Ael 328
Mol 238 et 95 Aejshs At s e
Z7pI7ke W Abm et shalch. AR 91(2020)
&£ 4 Ae) kU0 DPPH 2hoizt 27158 5733

& W, B A 2] mUF2of gho] Ald mu Sl vE]
=7 SAE] B Ag] Y F2o) 2L 4ksh A 4

ST
o] 3l AolztaL 3t3ltt. o] ffel= 7] FE=(Hrx

9], 2007), 8 #3|(0]H3} £, 2014), H&EFAo] FE&
(A3} €], 2023), WE(01EE 2, 2021)0] & @7 2
o A= B Yu}. o]d] 2o} Ao} EA 2] el &Y

A ZEHE 2 ZgH wo|ue) 7o 3haksl AR o] &
< R0]3}A 3t DPPH gtz 273 o] o}zl A

o me

(E 4) dxz| 2ol g &9 FE49

a -Glucosidase T

7¥eHA] ke EANA R} ABTS o]z &7)50] Eo}
axjojzle] &2 Helsh Aeleg ¢ ‘&Q"* 71
FdA 71 Ajtetehal sk gt gk, Adsn] 2)(2014)
o] AP, 225, ) ThE b F e
ABTS 2tz 24504 &4 A 250 7H8 =4
UpEksko R, DPPH 2}tlZt 227 wkg-o] Z7}8hs 27

L]0
a2

AAeFrkaL she] & A 22 AdE UEit ol &

&3l 22utel B B 7t £ FEH 9] its) &

e 52RHo R T LS AT F ATk

4, Hx2| SHo| ke £ FEU9| «-Glucosidase
=yl

49 FZ9 9] a-Glucodiase A== <F 4>9 2}

a-Glucodiase FAEE= 129.86~86.66units/Lo| ™, g

(units/L)

HWY US \¥4

PN

uSvz USPN F-value

129.86+2.219¥ | 123.21£3.54¢ | 112.47+2.46°

107.36+3.07°

99.95+1.60° 86.66+5.37° 68.750""9

A2~ ==

) HW: Hot Water 9% =%,

US: Ultrasound %53} 3%, VZ: Viscozyme * 2],

PN: Pectinex * 2], USVZ: Ultrasound +Viscozyme*]2], USPN: Ultrasound+Pectinex ] |

Y Values are Mean + SD

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

Y "h<0.001
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A81 9 52 M2 29 $E00| EUEY 9
FZ0l HW+ 129.86units/LO & 71 =toH, & &= Elﬂr o2 Aol =9koH, 11 % USPN©| 2.10Brix%

=2 A28k US 123.21units/L, VZ 112.47units/L, PN
107.36units/Lo| %2l B3t &= A= 2)3 USVZ 99.95
units/L, USPN 86.66units/L. 2.2 f-2] & 2] 2}o| & X ¢t}
(p<0.001). & Ao ARE-H a-Glucosidase Activity Assa
y Kit= gko] 55 A EAo] =2 A= |sh=
o, HW7} 71 Ao R ko] 21, USPNe) 744 )
W7t ge Ao X o
S+=5.13%,VZ 13.41%, PN 17.33%, USVZ 23.08%, US
PN 33.90% 743t Ao 2 3|8 4= Qe o] 2, &7
(2022)9] ATollM = F= WH(ESF, L2 7L, olehg,
Z23hol| 2 ofF FEE-2] a-Glucosidase A3 A=
7} 28} 22004 14 o A SARE Ho ol 2
9 FEE0] Y 754 L2 & 7ol =1
a1 Haskoint. Zojx(2017)9] ATolM FEEE a4
Aelgk S0 873 2 olAd 2 a-Glucosidase 2] 3]
4 2 A2l 2 B U Froldoz A

3, 70 584 Mol

tg ]Hl—oﬂ 7]1:A4 /\1:

;{o]ﬂ—i’ skaict. AnA 91(2006)
oﬂ/] e |

L

o

o
-

S o e Roagt o
folr iy

(EU<3
i)
=

& 2~(Viscozyme, Pectinex)E T = B-5%
g &9l FEE ozl S A elEd

A4 2] 2] (HW), 223 &5 =] 2](US), Visc
ozyme T 2 2](VZ), Pectinex &5+ 2]Z(PN), 2=
}2} Viscozyme £33+ 2]2(USVZ), %232} Pectinex

40l &

=1 A

EGA 2 Z(USPN) 2.8 £ FEHE Alxsto] Hrfst
Act. olstetd B4 4 A7), d == HW(0.80Brix%)

Fro)H oz M = ke e ATh(p<0.001). pH
= HW(4 42) B} th2 Adrro] frojH o2 kil (p<0.
001), USPN©] 7174 Wt pH(4.34)E Rt} &= HW
(0.29)XEt} th2 AFto] =9ko ™ USPNo| 1.542 £-2]
2o 2 71 = A YERTHp<0.001). HWxT} ot
2 A Po] Lgke 2ha, aghe 7 bate frolzoz v
AH(p<0.001). F 2| FFe HW2) 106.96mgGA
E/mLET 02 A3Aro] fo)F o= #9kow, 53| USP
No] 721.60mgGAE/mLE 7} E=9kth(p<0.001). & =
ZE o] = $haF 3 HW 65.11mgGE/mLETt o 2
F o] fro o2 =9rom, USPNo] 318.57mgGE/mL
2 71 =94cH(p<0.001). DPPH 2 ABTS &tz 27%
M= BE A¥Fo] HWEL E& TS Heon,
747} USPN©] 92.13%, 81.76%2 713 =7 YelItHp
<0.001). =3}, a-Glucosidase &A= o= HW 2] 129.8
6units/Lo] 717§ =9ko ), US, VZ, PN, USVZ, USPN <=
© 2 A JERITHp<0.001). ©]= HW thd] USE 5.1
3%, VZ 13.41%, PN 17.33%, USVZ 23.08%, USPN 33.
9%2 USPN©] a-Glucosidase A3l =7} 7F =7 vebst
o} uleba £ Axe] o2 283}9) PectinexE
B3 Aglshs Ao & duts A AR SEE S
i B4 F70) B8 Fi R0z A7)

O

T

T
A

FAlo): £, FAEA, BA AA ], 229 AA e
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