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Antioxidant effect of complex extracts from pine needle,
green tea, and sea buckthorn leaves

Hee Young Ji', Min Gyu Park', and Shin Youn Joo"*

'Department of Food Science and Nutrition, Daejin University

Abstract This study investigated the antioxidant effects of complex extracts from pine needles (PN), green tea (GT), and
sea buckthorn leaves (SL). Measurement of total polyphenol and flavonoid content, DPPH radical scavenging activity
(DPPH), ABTS" radical scavenging activity (ABTS), and reducing power (RP), showed that SL extract (SE) had the
highest values. The superoxide radical scavenging activity (SSA) and nitrite scavenging activity (NSA) were the highest
in the GT extract (GE). In most experiments, the PN extract (PE) showed higher activity in complex extracts than in single
extracts. The combination of GT and SL led to a higher activity than that exhibited by GT (DPPH and ABTS at 300 ppm,
RP at 100 and 500 ppm) and SL (SSA at 100 ppm and NSA at 300 ppm) alone. These results suggest that the
combination of PE, GE, and SE may be a useful functional food material in the food industry.
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AREEe] 2R o A 2He B £ae o
g 5 gom, olgd Ut Yo E JIAE nEE] 9

e Fatsl BAS IS AUl Fake 73S FAslok
3T(Seifried 5, 2007; Jeong &, 2015). FasAz= A ik
sAI7F AAH R fElte] Bol o] &HUAAR o] 7HA] Fz}
o] AAFHA T FasiA] dial AA FaksiAle] dig &
Aol Eolx L thJeong &, 2015). = ATHL Y HA
st Al A ol(Kim 5, 2018), Foldl ¥ (Cheon &,
2019), ¥ Jeong &, 2019), 7 AAByun &, 2020) 52

UiRE & 27], g, £, <, Aok, Belt}h A& 3
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ATHPyo 5, 2004; Elzaawely 5, 2007). 22} HA kA=
T ks R kst o] Rrke #A7E A= gle]
°olE Hslr] A% WHoz kel ARE ke AU a3t
(synergy effectydll et A77F =3 TthJeong &, 2015;
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& ulgE BY F2] 1 229 AIBYL I
& QYL 9. olel] WF rRE LwoBsh Aol
EUFEEY PIFH obEy] FFY AY FSEHYn 5,
2016), TEY, B9 B WY EYFEES] Fohev] Eh(Cho

5, 2016), Fe} 2trte] ol st 353t dsgriel
+ 98K(ChunZ} Kwon, 2016), W%,
ZE9] A4 (Guet Hong, 2017), HF&
ZE°] kst 4 (Kwon 5, 2020) 5ol YA mFet A
%% (pine needley> AUH-(Pinus deflora Sieb. et. Zucc.)2
o2 wspgd TAASKRI F¥e AAE, sHAsE, Y
el =& F3 XFL &3}t Yok B AT(Jin
5 2006). £UNE FHAAEY
phellandrene, borneol®} Z&}H =0 =721 kaempferol, querecetrin
o] TR grElo] AthKim3} Shin, 2005). E5XH(green tea)
= HER, 7714, B, 7HEIRR, TRl 3 222 5 o
g QRS sk AR dEA ddom, JHEIRF S e
CHt} ksl 371 208 =& EGCG (epigallocatechin gallate)
o] dteko] o Aow HIHT YrkKang 5, 2007; Shindt
Choi, 2018). ©]&3 =x}1e] F5 o2& 2 (Roh 5, 1996),
42H8-(Cheng 5, 1989), L8] XY F T3] oW
(Mineo 5, 1989) 5] LA St HIERILHE-o] Fuje} Qo]
= BE C8F E 28] opn|Ak 5o Frefo] ol Wl B4,
=SR] Bgo] Holdt Zlo® riEo] Ith(Tiffany 5 2005).
£3] A3 T FEE|= JLREE] 0] = (carotenoids), =]
& F(polyphenolics), Z2}FE. 0] =(flavonoids) 52| sl EZo]
o0 REe] lem(Kim &, 2009), #E o]&3 FEAYH 2
F HlERIUE 9 70% EtOH FZE&°] #dd A5l 8345 B
Atha B tHGanju 5, 2005).
AA7IA 2t dig kst &4 ATs wWol M=o o

o

a-pinene, B-pinene, camphene,
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Hog B APt £, =4 % vy 29 vy g
EYFEE 720 VAV W, A% 715 ANEF A
AN BF 2AZ F5E 5 UE 2R st B
LT

AENE ¥ FEE M=
2 Ao AM-El =2= E]A(Teazen, Haenam, Korea), &%
7= 9F%<(Yakchoin, Jecheon, Korea), BIEFIIVE Hhe =
2129523 (Green tea village agricultural association corporation,
Boseong, Korea)ol|x] #|z=st A& AME-31Th. Folin & Ciocalteau’s
reagent, DPPH (1,1-diphenyl-1-picrylhydrazyl), ascorbic acid, gallic
acid 52 Sigma-Aldrich (Sigma Chemical Co., St. Louis, MO,
USAPIA FYstar, 2 9 15 AlekS Fuisted ARg-shsith.
st 24 A st @4 F8S 3 9 B EdEEE
2 U o] Az dUFEES £, 53 9 HER
U2 2 B 7} 19 80% ethanol 99mLE 23 shaking
incubator (20°C, 150 rpm)ol|lA 24A]7F FE8IA I, EFFEELS
£21(0.50g) - =2H0.50 g), £2(0.50 g) - BIEMILE(0.50 g), =
2H0.50 g) - HIEFIUE-21(0.50 g), £21(0.33 g) - =240.33 g) - ¥
EFIUE-(033 )2 7S H|8E 4 B2 1g9 80% ethanol
99 mLE 99] shaking incubator (20°C, 150 rpm)ollA] 24417 3
=33t

O
E
i
o
Oft
1]

2 0|E &2

Za)Hs S Dewanto 5(2002)9] WHES
ste] 245tk @ 2 EFFEE 0.1 mLl T/
2N Folin-ciocalteau's phenol regent 0.2 mLE 7}sl] FdstA &
&3 = Ao 327 HAE AT WA F 10% Na,Co;, £
A 2mLE EF3I] oA AT BRF REGAIR U 4
= A (WKSP-2000UV, Woongki, Seoul, Korea)E ©]&3}e] 725
nmelX S ATE Gallic acidE ©]&3t] 23 EFFHo=
TE & b S TSl

SEERNE
2
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Z ZHo|= TS Lee 5(1997)9] HHES Wl =
AeAart &¢d 2 %525 02mLo] 1IN NaOH 0.6mL,
diethylene glycol 4 mLE 23 37°CollA 1A]7F 59T v

DPPH radical 2H&s

DPPH radical 27%-2 Blois (1958)8] Wradl wht & 2 &
IFEE 500 uLol DPPH solution (1.5x10%* M) 2mLE 7}k
Eslal Ao oaloA 3087 ARl 3 517 nmell M F5F
TE Z4so tga o] AXtesith

DPPH radical scavenging activity (%)

_ Blank absorbance—Sample absorbance
Blank absorbance

%100

ABTS* radical &M1&

ABTS" radical 22752 Re 5(1999)9] WS ¥t =
39T 7mM ABTS €93} 2.45mM potassium persulfate &
< 1412 EF(v)Et] A9 o] T FolA 20A7F FRt

T Pslay 291
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=2 M35 A 1emLet @Y 2 EFFEE

0.1 mLE £¢sto] dolA 527F vhgAIT vy 734 nmelA &
& F ohest ol AR,

ABTS" radical scavenging activity (%)
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Superoxide radical £271s

Superoxide radical £~7%5-& Wang 5(2007)2] WS M35l
Atk 9d 2 EFFEE 0.1mLel 04mM xanthine}
024 mM nitro blue tetrazolium (NBT)Z 1:12] H| &2 &E§ 35}
UE NS 0.5mLE 71 ¥ 0.049 unit/mLe] xanthine oxidase
ImLE EFsIATh EFALE 37°CoA 4027F HHSAIZ TR 69
mM Sodium dodecyl sulfate (SDS) 1 mLE Z7l5te] WS A
A7l ¥ 560 nmellA] FBEE SAET 5 & oo ALt
Aoz AATE A=

Superoxide radical scavenging activity (%)

_ Blank absorbance—Sample absorbance X100

Blank absorbance

oMY a7s

o}d 4t A5 (nitrite scavenging activity)> Kato 5(1987)2]
WS A5 W¥sle] ST ¢ B £4FEE 02mL
ImM sodium nitrite 0.1 mLE 7}3t3Z 0.1N HCl (pH 1.2) 1
mLE &3 T 1A17F E3F 37°CAlA] WESAIF T HES-de]

2% acetic acid 5mL%} griess A1F 04mLE 718t & &35l
15%7F Ao A 2§ o 520 nmelA FEEE S8t
24 F vhee] ANHoE 2% A

Nitrite scavenging activity (%)

_ Blank absorbance—Sample absorbance X100

Blank absorbance

shelzy

218 (reducing power)> Wong3} Chye (2009)2] WHS HE

sto] A @l 2 EFFE= 05mLel 02M sodium
phosphate buffer 0.5mL9} 1% potassium ferricyanide 0.5 mL
YW &Rt & 50°CollA 2087 HEEAIZTE HEgo] B 8o
ol 10% trichloroacetic acid 0.5mL®} 0.1% FeCl, 02mLE &
st FBE 700 nmell A SA 8k

IE?L' 1= ﬂllﬂl

£, =2 g eIV o] dtst @42 Aolk 33| o]
7 s Agste] Hant xR A9E e AR
2 SPSS 21.0 (IBM Inc., Armonk, NY, USA)Z ©]-&3}3c}. A
5 2k AolfE Aleh] fal HAHEH(ANOVA)S dAlsHs
al

, 7948 Aol7b = A% Tukey’s multiple comparison test
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Fig. 1. Total polyphenol and flavonoid contents of single and complex extract from pine needle, green tea, and sea buckthorn leaves.
Values are means+standard deviation of three experiments. Means with different letters (a-e, A-G) within the same activity are significantly
different (p<0.05). PE; pine needles extract, GE; green tea extract, SE; sea buckthorn leaf extract, PGE; pine needles and green tea extract, PSE;
pine needles and sea buckthorn leaf extract, GSE; green tea and sea buckthorn leaf extract, PGSE; pine needles, green tea and seabuckthorn leaf

extract, GAE; gallic acid equivalent, NE; naringin equivalent.

o3 ZXFZE(PGE), £47 HENIUF-AFZE(PSE), I3k}
HEFI A 25 5(GSE), €9, B3 2 ¥yl E2E
(PGSE)®] % Zjslsd & FefRwo|=9 -2 Fig 19 Y
ERATE AR 789 & EYulE I 64.53-140.59 mg GAF/g
o2 SE7t 7P we S vERAL, 2 o GESF PSE, GSE
9} PGSE, PGE, PE =22 &4 YETth(p<0.05). Cheon 5
(20192 Folulle] & ZjHlE o] 271.57 mg GAE/gel2}
3 BIEe] B Apr F ZEHE o] 7P =W SER
o} =9k, Kim3} Kim (2019)S 299 £ ZgdE o)
68.80 mg GAE/gel2tal Hilale] & Afox F Zejss 3
o] 7Fg W3kd PESF fAE e YeRith

% TP kolE ke F Zehle s AR S
ElUlo] SE7} 44.53 mg NE/gO 2 ThE A|Fd| 13| =& gaks
HAT PEZF 7FE @& shake YERITH(p<0.05). Lee 5(2018b)
S HEIUTY ] & ZFefR o= o] 26.07 mg QE/gelzt
I Bysle] £ Ao AEr v g B3, Kim¥ Kim
2019y =989 F Zuls T=Fo| 23.86mg QE/goletal X
asfe] B A7) PGESE #ARE $HS JERITh

£ DUFZFE v3 EFFEENM F s T
< 24.09-58.11 mg GAE/g Z718laL, & Sgfixol= T7ke
7.02-12.55mg NE/g S7hste AS2 JEtdth Kim3 Kim
(2019)9] Eie] mER AEFEELS ZH7to] AW o7 7k A
ol wpe} o] Hpolg HolAw FEEM FHEY U F
ZYdE 2 F SRl ko] UESE AT 53
BFE = F Aok oo & AP F EuE

Zh o= §Hgo] =4 UERt GE, SE ¥ GSE= =
kst B S 7O & S ACE ARHY, kst £2
2k 3 HERIVE ol
AA dFE & o=

T

fe oo 10 rlo w2
o
T
2
axd HL
oly i

DPPH radical &M1&

DPPH radical 2759 54 A= Table 13} 2t 4
2791 HEF CE 50 ppm F%o04 32.07%2] radical 275
Yelfo] g2 A1Fe) b8 = AL BATHp<0.05). T
%9 DPPH radical 2452 F ¥= 2544 SE, GE, PE
o2 =A JEPtthp<0.05). Lee 5(2018b)S BIEFIEAFZ
&2 DPPH radical 275 %45, 100 ppmel*] 83.12%2
AsE Yty Bauste] 2 A3dse] vls)] o =& 3
<& e

THFEES F T EFA GSE7F 7HY =2 radical
A4S HAFAHp<0.05). GE9}F SEQ| TUFZE vg] &35
EE9] &40l ¥ AT JEPIA T PES] 45 ZAke} HlE
UL 9ls &3slH DPPH radical 27%°) Z718l895L, GE=
300 ppmollA] TGUFZEC] g HERIUT Y] ERFEE
FAdo] =A YeEPGTH(p<0.05). Chun?t Kwon2] 7-(2016)91A4
=2t 9 x| dAFEES 329 AL FAbeh ARAke] B3}
FEES U|RE A3 dAdFEE v)3)] S B3 A5
DPPH radical £2A%°] 24 A Z7Fiit Basilon,
Jeong 520152 IANF S 45% F oRrlolwlglel ullF
E3hto] 7Y &2 gatsl AeE-g veiltha Basiic
T3 Wang 520112 ARl $HE AR ohE 3ks) Aditol
z}zko] Aoldl W7 ES 53] radical 27152 UER), o]
g E4E Yeills Ao AM2E BasFe 2Heo] velhd
U BaEidth e 2 Ao dds dislEg e Ad
NES EFT A 1 &40 7 F e 7HeEE HoF
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ABTS* radical &Hs
ABTS" radical 2274%¢] A3+ Table 13+ 7Ho] Yl ¥
ER C9] ABTS' radical £271%-2 50 ppmellA] 57.71%= 7F¢ =
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Table 1. DPPH and ABTS" radical scavenging activities of single and complex extract from pine needle, green tea, and sea buckthorn

leaves
DPPH radical scavenging activities (%) ABTS radical scavenging activities (%)
50 ppm 300 ppm 50 ppm 300 ppm
PE" 9.58+0.152) 41.28+1.51 5.08+0.307 23.16+0.51"
GE 21.36+0.54¢ 88.20+0.14° 14.15+0.59° 60.44+0.80°
SE 26.33+0.42° 94.50+0.28* 15.79+0.43° 80.02+2.03*
PGE 13.34+2.12¢ 66.07+3.00° 8.87+0.31¢ 39.16+0.53°
PSE 14.76+0.45¢ 78.44+1.87¢ 8.92+0.37° 49.35+1.40°
GSE 19.55+1.15¢ 91.24£1.59" 12.91+0.17 62.87+0.13
PGSE 15.19+1.01¢ 78.70+1.04¢ 9.62+0.47¢ 49.95+0.53¢
Vitamin C 32.07+2.84* 57.71+1.21* -

YPE; pine needles extract, GE; green tea extract, SE; sea buckthorn leaf extract, PGE; pine needles and green tea extract, PSE; pine needles and
sea buckthorn leaf extract, GSE; green tea and sea buckthorn leaf extract, PGSE; pine needles, green tea and seabuckthorn leaf extract.

YData are meanststandard deviation.

IDifferent superscripts (a-f) in a column indicate significant differences at p<0.05 by Tukey’s multiple comparison test.

Table 2. Superoxide radical and nitrite scavenging activities of single and complex extract from pine needle, green tea, and sea

buckthorn leaves

Superoxide radical scavenging activities (%o)

Nitrite scavenging activities (%)

100 ppm 200 ppm 100 ppm 300 ppm
PE" 20.96+4.57) 50.69+2.33¢ 37.20£1.09° 66.98+2.24%
GE 56.9442.12° 69.08+0.60" 41.35+0.95° 76.04+0.84*
SE 43.00+2.47¢ 64.71£1.24° 39.27+2.08% 69.22+0.88"
PGE 46.47+2.47° 61.79+1.46" 41.55+1.33° 70.24+1.77"
PSE 36.04+1.94¢ 57.09+1.16° 37.72+0.64° 65.03+2.66"
GSE 51.54+2.18° 64.32+2.52° 38.3440.65® 70.24+0.62"
PGSE 44.60+1.89" 60.34+1.55° 37.31£0.71° 71.25+2.38°
s e -

DAbbreviations are the same as in Table 1.
IData are meanststandard deviation.

IDifferent superscripts (a-f) in a column indicate significant differences at p<0.05 by Tukey’s multiple comparison test.

S HePThp<0.05). BLFEE-2 50 ppm3} 300 ppm
oA SE7F 27t 15.79, 80.02%% =& S wyow &g
ZEME GSE7} 247 1291, 62.87%% E& AL HoF
S th(p<0.05). ABTS" radical £752] &% Z3+= DPPH radical
2753 AR AES BT Lee 5(20182)2] AolA ©7)
Qo] sl &8 =4S A3, DPPHS} ABTS' radical 475

AlFe] EAo] FARSE e JEPiTi REelt. olest
= free radicalS A ASIE 35 7P E 9k Aoz 1w
IE B oA el FARFA

Wang 5(2011)& 7ot AnfE SIS 45 2o &
e Aol wEt zZhzke] AR AaF7E vepe @450

Eolx| ALY Yold = vty B3I, Hidalgo 5(2010)
quercetin?} myceritin®] EFE-S TUEZ Hl&)] kst Edo]
ol I epicatechin?} quercetin-3-glucoside®] &S THUE2
of vlal ksl EAdo] ol Rusigich # AdA o
EPFEEY] S0 GdFEE SHET WA YeRd A
&9, ZA|, vEIVE Qo SHE AR oeh deago
EYFEE o] Al Aoz AzbH). vhde| dd3

ANt o

o rlo

kU rlo —z

EE4 v8] EFFEES] o] 2 AEE ASeH], £H2
50 ppm®} 300 ppm EFOIA Hap Bl HJERIVE ¢lake] &3
(PGE, PSE, PGSE)l ¢J3l &/do] F7}slaL, H4b+= 300 ppm
ol HlEFIUE ko] EIHGSE)l &8 Aol Ftske A
o2 BYthp<0.05). Lee 52011} 65 @ AekAe} 359
AyerEgtA| o] ABTS' radical 271%(RC,) =3 23, & Aok
Al 652 24.06-1,000 ppm, AYFEFA] 352 41.61-123.98 ppm®]
s Vel oH 9%9 A8 F ojHx, &3k, Mix-2004 77}
24.06, 1891, 41.61 ppm=Z EUTFL B3}, Chun? Kwon
2016y 2t TAFZE| B3| x|} 2Ae] EAYIA radical
2AS0] FolH F/RITAL Balste] B AFgdae) o] &%
He AR F79 80 radical 275l JIL vX= A2
& & Al

Superoxide radical 2Ms

7z} A|Z¥ superoxide radical £&~A%S =43 A= Table 2
9} 74t} superoxide radical 227152 YA HELS EPdO g A
2 89 100ppm FEOAA 2ATC] 76.68%= EA ERTH
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Fig. 2. Reducing power of single and complex extract from pine needle, green tea, and sea buckthorn leaves. Values are means+standard
deviation of three experiments. Means with different letters (a-g, A-G) within the same activity are significantly different (p<0.05). PE; pine
needles extract, GE; green tea extract, SE; sea buckthorn leaf extract, PGE; pine needles and green tea extract, PSE; pine needles and sea
buckthorn leaf extract, GSE; green tea and sea buckthorn leaf extract, PGSE; pine needles, green tea and seabuckthorn leaf extract.

(p<0.05). U WEES ALE 100 ppmT 200 ppm FFolA
} 56.94, 69.08%% 717 =SkTH(p<0.05). Moon
~(2003) ?%*L' B SHshe el wet AEe] 240
ol YetEg o8 712 WEs AF%M A3l gt
I BUEYA, Kim¥ Kim (201902 £9] 2559 DPPH
radical, nitric oxide radical, superoxide radlcal, hydroxyl radical
2AT &4 A ANFY uet 7] e AEE YERRT B
& th B A= DPPH radical 753 ABTS' radical
2752 SEQ &40l 7Y EUARE superoxide radical &A%
o] 7% GEO &/d¢] #A Jeht dadTet fAle AHE B
A=At
£de F v BT =x H vEpRuE e %
(PGE, PSE, PGSE)d| <Jsll &7do] Z718tA =l (p<0.05) ©|=fst
7S DPPHS ABTS' radical 27% Aol Me & 4= g9t
FE HIERRIVEE 912 100 ppmol A AE B HIERIVEE olote)
E3HGSE, PGSE)l 9J3)] radical &~7%°] 716k AL ®E UEg
BTHp<0.05). 53] £UFEE PEE 7% AE T 7P v
e Bt B3 3 HEIUT o 34 2T A9
15.08-25.51%2] &4 Z71= vehfo] =
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A AENE A H89 AR 28T F 3

obEMY AMs
S a4 39 A Tale 294 Uk oFANY &

AeL 100 ppmoﬂﬁ GES} PGE7} 212} 41.35%, 41.55%% =<
€4 3 BAN, 300ppmellAE GES+ PGSE7} z+zt 76.04,

7125% o ebdthpa005). W Bhzzel Wk ce &

AL 3348%E TE /\]E T 7P e 24E BATp<0.05).
Lee 5(2018b)2 BB FE= 4 }1‘4‘5 a7%%E Hlg
1 cEn e S 7HAL Aval Baste] 2 A At

o} ARl et
&9 HUFSEPE A % eI Q3 29d A4
T TEoIA 326427%2] ofHAF AAGe] FUFEHAAL, HIE}

,d
2 S

WSS ESERE £, 52k 9 vlEIuE elste] &gt ¢
3 300 ppmellA 1.02-2.03% F7F8FATE Jeong &(2015)2 2
T 1055 el 450] Skl tigh st FeHeE &
st A+, DPPH radical A% 26729 AL} 479
524, FRAP 350 1479 2243 1579 A5
28-S BTl Haste] ksl 24 el wel ditst
280 Aol dHAE S & 5 AT

el

shl=le] 24 A¥k= Fig 29 2tk wighl cof S=e 100
ppm F=A 256 ODE A& T 7MY =& B4S
(»<0.05). A5 7% =2 100 ppmow 0.30-0.78 O.D., 500
ppmoll A 1.04-2.78 OD.E Yehton, &
gge] 7P XL GSEVF L o R i%

Lee 5(2018ay> T7|¥5EE2] 398 23 44, AR
FEoA 05 ODE UERT L Hdke] B
GE, PSE, PGSE HT} W&o 248 aiu}.
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