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Physicochemical Properties and Antioxidant Activities of
High-Sugar Fermented Pinus koraiensis Cone Extract

Ki-Hyo Jang and Jeonghee Surh
Department of Food and Nutrition, Kangwon National University

ABSTRACT Pinus koraiensis cone (PKC) extract was prepared by mixing PKC with sugar at a weight ratio of
1:1 and then removing PKC after incubating the mixture at room temperature for 100 days. The resulting PKC extract
was examined for its physicochemical properties and antioxidant activities using Prunus mume fruit extract, which
is similar to PKC extract in terms of preparation procedure and product usage, as a control. PKC extract consisted
mainly of moisture (21.76%) and sugar (70.03%), leading to high viscosity. PKC extract was apparently yellowish,
and therefore its browning index and color intensity were appreciably lower than the control (P=0.0000), indicating
that Maillard reaction was not facilitated during fermentation. Compared with the control, PKC extract was not appreci-
ably different in terms of total flavonoid content, whereas its organic acid content and total reducing capacity were
significantly lower. Nevertheless, its metal-chelating activity and DPPH radical scavenging activity were comparable
to those of the control. In addition, SOD-like activity of PKC extract was 2-fold higher than that of 6.6 mM quercetin,
which had a higher total flavonoid content than PKC extract. This indicates that PKC extract contains certain flavonoids
with higher antioxidant activities than quercetin. The results show that PKC extract provides antioxidant activity as
well as characteristically different sensory properties due to its higher sugar and lower organic acid contents compared
with Prunus mume fruit extract.
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aluminum¥} &2 ¢] complex(flavonoid—-aluminum com-
Dlex)% P st= ‘iﬁle vk o g A3 TH(10). Bl
ZE7 vld FEE 7} 10 g& 40 mLY] SHFol AR
] 95°C shaking water bath(BS-21, Jeio Tech)oll A
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A @02 gt SR olE A A FHE
FY3 A5 100 plel 2.8 mL reducing solution[250
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Table 1. Chemical compositions of Pinus koraiensis cones extract”
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Chemical composition Pinus koraiensis Prunus mume” P value
Moisture (%) 21.76+1.58” 36.16+1.85 0.0005
Total carbohydrate (% as sucrose) 79.69+16.11 70.04+2.44 0.3632
Crude protein (%) 0.03+£0.01 0.18+0.07 0.0171
Crude ash (%) 0.17+0.04 0.31£0.02 0.0035
Degrees brix (°Bx) 70.03+2.27 59.36+0.82 0.0016
Titratable acidity (% as citric acid) 0.50+0.02 5.14+0.02 0.0001
pH 3.75+0.01 3.08+0.01 0.0001

"Data are expressed as the meantstandard deviation of triplicate experiments.

2 : .
'The fruit extract of Prunus mume was used for comparison.

Zdup 4 pnEf &80 FEEQ 22|18 EY
o] FEE AEE 722 cPE U FEE(381 cP)

&80 FE29 35ty = B}l 2u 7k frolF 0 2 (P=0.0416) %SktH(Table 2). ©]

AFo] FEEL FE(21.76%)F B3HE(79.69%)0] v Ao FEEY & G FEY 3 TR A 7]
TR dFEs AAstar e, g o ® AHES A3 Aoz BAHTable 1). 9| #e] A% vja FEE 0]
WA FEFET S S F9H 22 (P=0.0005) Sk A A4S aARE Afo] FE2ES 42 =TS yle
I BstE e e Ao oR 52 548 UEt ™, olo] whel 7| A o2 S Al A mE e
(Table 1). 1 & ZaWAN F7]ES Whdsh= A xA = o] FEFEO| RTOE AME FEEEY oo
FEe T AE BE HFgor EAsE Aoz FEgo Z2(P=0.0000) "¢ SEkcH(Table 2). o]k 2fo]= A A,
W, Bgo] FEEA FoHor ¢ W dako] HEHS S&5H U e 9= (e, EetE 0]
th o]&= ARQl FFolof mjae] AR xpolit of e}t S =)o zte], =4, Ha =4 = 2 g
T olE YUsERH U AR5 §F°] dvl &oldtrt Atolef Al X8 %)= Maillard % Zpolo Al 7]
7V dEFE R Ao g B S Aol zhe v A IgH Ao sAE 4 okl = B ol
wr} o)y xAo] vhgtelal xdste] Ag H7F § ARt TAAAE TS AA = A ol 7| &
ot Y- A5 o] ddiFom d &olgdAs A A o] Maillard 2 9h-g-9] A7 |8 o o]
2 A ET A gEol FEE v FEE9 16+

FEE & 784 1YEEd g3 2HER SAHE G Fo]2 2 (Table 1) Maillard 24 714 FFFel
T 32 AEo]l FEEQ S 70.03°BxE Fe4EE g Aoz vtal, g Afo] FE2E] == Mail-
Z(79.69%)2] 88%% Ao M wja FEEI & 3 lard ¥Fg-9] F 7142 72 R 7] I opn 7] &
o] FEE & TrsEY e 784 dRYS 4 7hx e o] & NEE 7 o2 A8E
AlA FA. g ZHEo] FEE fU)4 S 0.50%= 9tk Maillard 2 Whg-o 2 (Maillard re-
WA FEE(5.14%)2 1/10 502 ko (P=0.0001), action products)®] &4i+sd S AL e etd
ole] wet A or #L& pHE YWER A TH=0.0001). (14,15), ol2j3t M 54 & F==5 s} &g 7 A
FEE & A7 950 A9 HUtstel 4 7|z g 5 otk
SN E St AHEStel oE ds UielA &4
F71A ol AY w A E oF B s AAE F7]14d 4 Q) &0 FEE2| htst &
o} ArEo] FEE dUHoR =2 T G 77 stgo] FEE FETH quercetin 3%
Ab S Aol A7 dka) lnke] AR S e 7% 1.12 mg/gl & | md FE2E
o, wjd FEEIE AEstE dAdo] FolH AEdS (0.82 mg/g) K.t} 24| U o s
A AL F= A Tk YE I tHTable 3). W gallic acid @2
Table 2. Physical property of Pinus koraiensis cones extract”

Physical property Pinus koraiensis Prunus mume’ P value
Viscosity (cP) 72241997 381+17 0.0416
Browning index (As)’ 0.150.01 1.65+0.03 0.0000
Color intensity (Aso+As)’ 0.23+0.01 2.51+0.04 0.0000

"Data are expressed as the meantstandard deviation of triplicate experiments.

2 . .
'The fruit extract of Prunus mume was used for comparison.

YA and Asy mean the absorbances at 420 and 520 nm, respectively.
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Table 3. Total flavonoids content and antioxidant activities of Pinus koraiensis cones extract'

2)

Antioxidant activity Pinus koraiensis Prunus mume P value
Total flavonoids (mg quercetin equivalents/g) 1.12+0.61% 0.82+0.48 0.7747
Total reducing capacity (mg gallic acid equivalents/g) 4.43+0.01 7.40+0.01 0.0001
Metal-chelating activity (%)” 48.22+2.94 48.52:+0.64 0.9008
SOD-like activity (%)” 32.81+1.24 28.95+0.25 0.0495

"Data are expressed as the meantstandard deviation of triplicate experiments.
The fruit extract of Prunus mume was used for comparison.
3)Metal-chelating activity and SOD-like activity of 6.6 mM quercetin used for comparison were 80.28% and 17.90%, respectively.

2 443 mg/gl 2 v FEE(7.40 mg/g)2] 60% ol
AtHTable 3). FAISF FEgH o= lafo = B35l
b0l FEEO] W FHYUHE B A= AFo] FE

J 3

&l Folin-Ciocalteu Al ¢F#} 9H-&-8 4= 9l H|#l &4

DPPH radical scavenging
Activity (%)

-7 ©) o‘_‘:,': =XLo 71—)\]4_11:_;20 EO]H o] 37} %]

RS ] T ‘[‘Eg’] = } ]9]' 27T uirEeE 6.6 mM Quercetin

Zl: %E}(Table 2). /\a]xﬂi Maillard 2 Hrg o7 /‘g/‘él:»]‘—‘:‘ 20 -8 Pinus koraiensis
a3l S = t7kRd 38-E(dicarbonyl compounds), ¢ -~ Prunus mume

2] 9 E(reductones), B &0 (melanoidin) 5 H] # =4 0

] 0 30 60 90 120 150
FAELdE] B Ao 4 Joer=(14,15), A% Time (min)

JF AT o 7 o]—gjz]—é‘:o == 0] Ao OEf‘i_PHTl"— ) ) ) . o
S AR Aol FEFe] A5 ol s Fig. 1. Kinetics of DPPH radical scavenging activity of Pinus
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- o] 3 o 5 o . .
4 =45 FqFol gRw Y HokE Aow o koraiensis cones extract. 6.6 mM quercetin and the fruit extract
Ago] 2EE FE& AASL A 2EE3 §94 of Prunus mume were used for comparison.
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ol 2% o]& AYY 4 ot LGl TASE AN weSHEA9) REol FFE SOD FA YL FEE &
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