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Abstract

Unsaturated fatty acids and other nutrients are easily oxidized. In this study, -cyclodextrin and
pine nut oil were used to form the inclusion complex, and the active substance could be protected
only by changing its physical properties, which is convenient for processing, packaging and trans-
portation, and easy to use and improve practicability. The Korean pine seed oil is made from North-
east Korean pine seeds through crushing, ultra-high pressure auxiliary water extraction, centri-
fugal separation and other processes. Through analysis, the optimal process conditions for extract-
ing Korean pine seed oil are determined: the solid-liquid ratio is 1/8, the pressure is 300 MPa, the
pressure is held 4 times, the pressure is held for 5 minutes, and the oil production rate reaches
31.74%. Among them, the solid-liquid ratio is the most important factor. The single factor optimi-
zation method was used to determine the best inclusion conditions. The inclusion complexes were
prepared by saturated solution method and characterized by FT-IR, X-Ray, DSC, TG and H-NMR. All
results showed that pine nut oil successfully entered B-cyclodextrin cavity. In addition, the inclu-
sion rate of pine nut oil reached 70.19% * 1.93%, and the product with pine nut oil content of 33.01%
was obtained. The types and proportions of unsaturated fatty acids in the complex were the same
as those in pine nut oil. The inclusion compound has better storage and transportation stability.
Overall, the resulting compounds improve the properties of pine nut oil and can therefore be used
for novel applications.
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1. 4R

ZLFA(Pinus koraiensis) Al (Pinaceae)FA & (Pinus) [1], ‘BEAMEY . ME. S E. WHE MR,
NS R MR, KEMRBHM: W RETIRIGER, MR thsh, FhrftamHEziH, X
AR T o FOFF S 53%~68% ) IR [2], b B 2 R AR 6 FR A AR TR, 1]
WOIHER . ERRER 5 i 7R B 5 SRR S [3] [4]. WM LA BRI AR . FAb iy . PRI s (23
TEIIIVER, AT Bk O B0 1 RO 2, REAT 27 b N\ Ak I 375 JEL [ REAE i BE iAo “ A
THIER” 32, BB SRR L0 SO A 00 1) R AE R [S] [6] SV RRER B (e 13E i A A% IR i 11 5l
F SRR G R, BRI A, iz, S A BAGEG SOD i 7, PR E H
FRUTY, BARGRIPUEZER: o WRRER I B @ AT B G 2 BT AR LU AU, PR E A 24
X Fe— T B4R R AT A 4 AR AR I [7] [8]s A~ il HHARp A AR SR AN VLR T T TR e 45 S50 T LA
NARR G35 R P 40 o 3 2 IR SR A 4 2 Rk v IR BRI, AN R3S B LAR SE 4 v A IR s, IR I
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Kifeid “MiRK” 55, RS, Hoa BTl i m .

F AT A RAFF I SR O i 32 2OA W B SRR A TR B, JH rh W T PR A A i o o B
(R FRAR 1A B0 AU P A 5 B, S A P AN VR 5 7 R 1 OB IR s )R T )
RPN A HENNNEE, LR, XMECLaife g, Frighu rrskrmF AR T HHE .
FRGE ISR AN T 2K 2 R ORTERAKE (3 I T, (B GS TRA KT o — e AN AT IR J BR A AR 2 AN I BELIBR
RS T R e e K AR SR DG 5 R SR I A £ [ P I O AT P AT (Kl 3 AN, (RIS
T D R e s 2 B SR BBURE A B 3 R R S [9] [10] [11]

BUAE T 370 B BRI T AR D, W LB SRR I T, R AF 3L A KRR AT RA T 55
[12]0 IR b R 7 AR TR A, BOATE BTN I & A I RO . fEBLATIR T, FAFF il
i B T I B T VAR AN ECRE IR T B B PR SAA, SRmRE e, s SR . Xy B i
B-IRINE “ EFAR” HAKED. B-IAHIRZ MO KIS, d-b4 D-EE B ondls:; B Ll
TERCEL A, DR DR B AE ML I 1 26 W S T 2 RO B B /KT sk =z B s e s B-3AMINNS B A 1] s T Ay
RME, BAGUKHOERSEKAIL. ioh, B-RikG 2 L& sy, H 1998 4ELIR—EHSIN “2Ik
ZA” TER, MR %M KRR RS . I HeT M T ARITRR, A A AR R/ &)
wEY. Bk, KRk TR B-CD 2 AT II[13]

B BB B TRk AR E MBI T, AER I AR AR T B3P BIRERE E B ikl B &4,
TR WBAR A O AR R, ARSI AR eV, 847 (VS JF B S a Wit 24 e v
BEAT T RAL
2. MR A
21 HRS(E

2.1.1. LIgMH

HRACLRAKE, IAFFmEEIR= a4, PT84 899.23, Hi2ikil 188.09 mg KOH/g i Iz 1L 0.84
mg KOH/g jlil-5); IECe(RET & TR AR AR); JK CEECRET R AR A PR A )
FEEOL R & TR A ). 1E CREA B EE(E il F2 g, HARSHA = oirain. p-iks rEN
1134.98, 4% N 98%I1) B-HMIKE I 1 Bl 4 T AR PR A 7o 158 FH 7K S8 5 1 /il 28 17K o

2.12. LIG{UR

Startorious 1721 %Y i 7R (HE E FE 2 FIHr4E []); LXI-NB RSO LB =R 24T ); SHI-A4
IR 13 F 2 (R N AR BB I A PR A F])s R202B 4% 7% RAX (i AR M HE AR TR A 7))
DHG-9145A s A 146 (i S A B 58 PR A F]): KQ5200DE A #4288 75 IR i e s (B2 1L Tl A 75 A 2%
HIRAF]); HPP.W1-400/1 s B (R R AR AN TR AR AR AR]); 204F1 Z/REHRTH
X (5% NETZSCH /A ]); 204F1 #AFE43HriX (4 E NETZSCH A 7]); AVANCEIIHD500MHz #% R 347 %
TEAY (it AT & TR RS R A F]); X, Pert3PowedrX STERATHEMY (22 MH40FD):  IRAffinity-1 {H 720
AN GTEA (H A B HE A A

22. A&8PHNH&E

221, SRRHE
R R KA B A il . BRI I S I ZLAAFARFFE RS 2 g T 5 x 10 (cm) P B 48, InN— & Lul
KK, HA% s G E e ER ST, PIIEsL% % E 300 MPa, A 5 min, 4 ¥, BUH E#E47 11,000 r/min
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RS, RBIKER A, (RE FEER, FEERHIECRF TR, N2 ES.00 g, H 507 K3
TEZE R B MA K I o SR B PR 3 5236 [ EL (172, 174, 1/6, 148, 1/10), 48w AL PR ) R S8 (B A2 Mpa,
200, 250, 300, 350, 400), ALFEEEI(FAAZ: min, 3, 5, 10, 15, 20), ALFEE(2, 3, 4, 5, 6)BEATH01k,
FLEL AN SEOR PR R, A3 S HUETE B, e R A . SREUH AR T -k LA
Yt 4% .

B-IIRE LA VIIHI 4 1 B- PRSI AL /K rh DA 5 WA O B B . AR — 2 LU (wiw) ¢
KPS CBHRA - KRkl - CEEFLBORETIMAE] B- IR A R o KRA I, B
A —BETE], SRJE7E OC NIRE 12 /M. 2 )5, R IR R JEAUEIE . T A CRERG =k
PARR 25 B A, 76 60°C N 115 8 /NI, SRJGFRE . JE T Sze 45 B, o soilmid s 8 R sL G B 4.
WFE T RIS RTUANR R RERRAKCTFUE 1 Fin. ERREEGEY, YRR REER
F£50°C, IF[A] 2 /NEF, ZBEIIANEN 4.5 5 (SEERA K, Farfills B-PRMIAS /R EE o 11 98—
ANRTFE, HALFZBREIE R 3=, BB E, BT i m S i e . ERERMT
HEAT AL = IR AT R A FE B AR 260 T HEAT B S IR AR 55 [ 14]

Table 1. The factors and levels of single-factor design

F 1 BEZRRITHERERRKF

R [K 2 Affecting factors

A levels IR temperature ("C) B [H] time (h) #4735 B-P K ¥ B8 7K L Mole ratio of oil to b-CD Z BN\ & Ethanol to oil ratio
1 45 1 41 0
2 50 2 31 15
3 55 3 2:1 3
4 60 4 11 4.5
5 65 5 1:2 6
6 70 6 1:3 7.5
7 75 7 1:4 9

222. WEBESYTHRITFREE

K UEWHARTERIFRE, WEMAIECE0 FUEEREY, wiw). BT ERAE 70C T4k
R 2 /N IR UE LRSI R . A MR L =R BBIIR G IR 40°C R AT e i A5 R AR A
e/ R Ve SRl fb s i BN N W R ONE /SR e

BEFE = SR UFEEIMAE S EE x 100%

N T TG HURBE FAF MR B, FRATIEE 5 BAF S aQiH 5 1 e 2 AR 7 b FROA A i R B 26«

R = WaEaYiakrmEEMAE x 100%

2.3. BAMMREE

2.3.1. HEMIRIIMNFT-IR)

B-HHIRE A& E AN FT-IR Jeiic S47E IRAffinity-1, PG 4000~500 cm™t, 7p¥E%N 4
cm o AR RRY R A 200 mgKBr IR A A UL 196F6 88, AR5 R E SCER . KR4S 100 25T KBr
SERIESCHER b BEJS, ¥ 10 L AMFFIRSREER A2 R, JRE IRAffinity-1 &I S6RE ISR AE
4000~500 cm I AGE RN, RN 4em
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2.3.2. X HERATHH(XRD)
i X,Pert3Powedr X S A75HXAE CuKal &5 437 7E 30 mA 1 40 KV (1) FELJA0RT HEL e 1 Al 5
TEaRH B-RWIRE A& AW . AETLEILL 5 min 't S M 5°% 50°53# 2 h.

2.3.3. EXRFAMERZEDSC)
A 5 2, 18 204F1DSC %} 5 mg B-¥AWIRE F & 2 & YR Widt4T DSC 2#7. £ N2 54 FLL 10°C
mint fRN s 2 M 50°C & 400°C 34T 44T

2.3.4. ZHEHIRAIZNMR)
B B-FRREIRE . MAFFMAIA S B S VEMR T A4S DMSO 1. 7E 500MHzNMR St b s A8 B 1%
W, DL ppm Kotk H#ALRS, PADY H RGN AR

3. SKREERMOHR
3.1 BEERRRIF &R RN

I SRR SEE R LG, PR A R, ACERET A, AR REOEATRAL, RS
SRR IR0, 15 AR B 44 . [EREL 1/8, 18] 300 MPa (95, ALFRIN A 5 434k, #3ET 4
AL BRI 45 3 fe K= i 22 08 31.74%

S0 R IAE FEAT v R KR AT SR B B i, H T Ik KR T, 45 K S RAKF 40 i A R AR D R 1A T
THWHIEAETER, SEEEN P MR AL S R R — 2, 7655 RS040 38 1 7K oA
HT oA SRR, XEABERRITRR 5K 0 IR T — e MK RS, s AU
IR I 7 B [15] ol o v R AR AH B E ) SRR AR K F T AT B Ak P o A, JFEAN L R IR s T i A 0%
BREIR, WRFERE AR T LOAMAKT A AR IR D BRI R 28 DA K &5 i, AR b TAR S B M 1)
FEMZRA N B, AR T ARG 17 B2 1) S A4 7 B A 3 s i [ 16] [17]

IRAE 2.2.1 Frag R RS B-FRMIRS L A MRS I 1 1 o

Figure 1. Samples (a) Pine nut oil; (b) Inclusion complex

1 #m () #H¥f; DBEEAY

32. TZEARMESRNTME

W B AT AT, BERRIE N R RS TIRESEE &, BT B3RS “FE” 21
gigae)), LEMBAIE SRS SRS LS. B M K 3R AL, JoH RN HGL FE 5 I R A2 4E
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Figure 2. Effect of each parameter on the inclusion rate of inclusion complex. (a) Inclusion time (temperature 50°C, etha-
nolto-oil ratio 4.5, mole ratio of oil to b-CD 1:1); (b) Inclusion temperature (time 2 h, ethanol-to-oil ratio 4.5, mole ratio of
oil tob-CD 1:1); (c) Ethanol-to-oil ratio (time 2 h, temperature 50°C, mole ratio of oilto b-CD 1:1); (d) Mole ratio of oil to
b-CD (time 2.5 h, temperature 50°C, ethanolto-oil ratio 4.5)

B 2. SN SEEEENEN. () B&MEIGRE 50C, ZEMAE 45 %, M5 p-IFEIERLE 1:1); () 8
SIRE(FE 2 /B, ZEEMAE 4515, H5 B-HIRBRIERLE 1:1); () ZEEMAZ(RE 50°C, AIE 2 /)BT, iH
5 p-IFHIRE RV EE/REE 1:1); (d) #5FmE B- ARSI E/RLL(GRE 50°C, KHE) 2 /B, ZEEMANE 4.5 1)

K 2(a)iEon T EA REEIAE A1, 78 1 3] 2 N AR B ETHES, 72 B 7 AR
SRS . GERIE 2 /NHERR A 7EECKE R NG R s, A7 I8 o 2 RSN AN R
WA, HHEAMARERAALG, WSS B-AAWIRE A s, BRI EA R TR e
() FR e X 2 /N Ay d B D FAE [A]

K 2(0) iR T EA RS EEIE AR, WYIIHIEE T 2] 50°C, 2 m T 50°CH, [ i & ik
— T E, UERHEREIK. XEBRNREEM S AR SRR, (BhamIiErfaett. Bn—7r
T, T U A T DU HERA R AN RN 1 Sk, BRI E R — P4 78 60°C ik ) T AALKIF
flir, {HZAH LISk 50 CHRY AL A% T m . R, 50 CHEA & A A iR .
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K 20)BoR T LI S5l 0 A A F B . (5 FR-AE 0 (52 4.5 MR LU e, SR A5
FITFE. Ay 45 M5, FREREAEHR, XA R TE A8 omesg i 7 Hh =
P A DR VA AR L, AT HE T B EWHITEEG H RGE R, LB SO R K3 — PR
K T BRI T, R SR R GKVE 22 5, T B0E & A R {k[18]. Mk, 4.5
RN R RER LR S M LR

TS R %, WHIE T RRFFIh S B-BIRS I BE /R B . [ 2(d) B TARKFI S B-FRRIDRS A BE /K L
XL R o CEFOFFh B ELR T - I, A 5 ARG A K 5 B-PAMIRS FBE /R LD 1:2 1,
BEFREFIRAME, XEHLHII—H[19] [20] [21]. FEASLIGH, I TRINAN R R AR R PBIAS 1
AL S O ARG, HSLI RIS B-PHIAS IR B R ELR T 13 I, 0 R Al 6 I e
FAERT L, - KRS D, X SEE AR Bk, 12 00 BB R R

FER R LI AR |, B AR B Ry, BamE 2 N BEIRE 50C; LB S5
109 4.5 £ FaFFIS B-MIMIREHIBE /AR LN 1.2, fEREEZRMET, P& 308 70.19% £ 1.93%, 2
Fri &0y 33.01%. FJE xR SR AR SRR T 4 R fhdEAT 1 3RAE .
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Figure 3. FT-IR spectra
[ 3. BEMITRAINIEE

w3 s, BAER FT-IR SGE R EIT B-FAMIRS I FT-IR J6ils, (A fFErE H i =BRi R irig. W
SERFAFFI ) FT-IR Y6l B 7 3012.81 cm ™ A A7 #E-CH = CH-[¥i{#145i#% )15 2926.01 cm ™ Al 2856.58 cm ™
A —CH A GEYR B 1749.44 cm ™ Kb A BR ME R —C=0 45 1R 3N ; B iX 44k 5 H i = Be 45 A 5%
B-FRBIAE 1 FT-IR Y61 /R 7E 3373.50.14 cm* kb9 i f) 5 IRSCHS & FH T—OH 4R 3l; 2927.94 cm )
At Je T —CH A 4 R 50 ; 78 1159.22 cm ™ A1 1031.92 em &b 5 #5435l I TR A —CO Al fii—COC—
(R 4EREN . SR, BEWITE 3429.43 cm™ A [HFFE I H AR AN I B-IARIRE IS A58 . 7E 2924.09 cm™*
U 55301 1) 2858.51 cm ™ b FrIEAR S AA K BT = 2E —CH 48R Eh A G . 7E 1747.51 om AL 8T 2RI 7]
PAYCAZ B TR T (K13 21 -C = O &R 3 . X L8 A KAR T g SRR IR B-FRRII RS 2 18] (1) 431 P B K0 ol
HR, FHHARTEER BT ERAMAEE/ER[22].
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Figure 4. XRD patterns
B 4. X St 475 EIE
N TN SV R, BATEAT T XRD 23087 o FEAEE R R S0H 6 1) IR B A EMIMTE R 14 4(b)
Won T B-IIRIRE AL & E A1 XRD 75 & B- MRS 1) XRD A5 EIIEWT, %4> LA 26 6.30°,9.09°, 12.76°,
17.20°, 19.67°, 22.72°(IATS s Bos B BRI ERA . ZATHTE S Kayaci 28 3R B-FRRIRS St ik 2+ h
BRI A —3[23]. AN, BEEGWRTHESZRYE BRI EIRAR, SoRtE2raEmain.
JUANSEZI OB RIS R T e 4(a)fw, 1E 20 6.92°, 12.31°, 16.51°, 18.71°, 20.02°, 23.94°[HfT
S LRI — R 51 U 7E 20 37.66° Abidk i LS — MBI /NG . X SFFERATH R R R AR,
R T HFEMISEE; XA R S EEMNIERAE K. ik XRD 45 F4IFSL T FT-IR 45

3.3.3. ERFMERSH

1 #4Endotherm
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Figure 5. DSC diagrams
& 5. ERPAMERE
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ZREREE AT TR A FE o B-PRRIE Al A R S R . SR TSI B-H
FElses, AgnTgEsBA BRIk, B 5 BRT Bk, B&Y, MFFT DSC k.

FAXFI ) DSC M2 IR g, £F& R ARrE, 1M B-FAMIAEH DSC 2k 2/~ 7t 314.00°C
JE A R W B, 33t T B-HARORG RO AL A 23 A i = A 1Y) . LG4 ) DSC 4R /24 289.65°C R HIK
SRPEEIE, AN T B- MRS FIRA N I 7 F 06 . 22 57 P RESR B /K 14 AR D R R A B B NI o« T
RIRAED) (1 AN 2 BRAUER) I B-HRIAS €L G411 DSC Krill,  LARLER B2 SR [24]

TX A 1) 22 5 3R W AA KT PT OB 4B N B-FRRIRE LATE R “ 254K 73 74584

3.3.4. 'H B iR A S 4T

2

m
054

282 = © wseksa Q o
283 8 § 33%p3% 1 8§
Sea =5 asghs 2
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@ ®) (¥4 T S ©
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Figure 6. 'H NMR spectra
6. "H NMR iZ

'H NMR B2 6 AT A i ELRESE o 7E A0 = B R A3 1 250 vh 2 9 K 2 UG 7 R A2 B AN T A
i BT B A 22 ANV R 0 PR (T 2 W R, Sy R AT R IR ) A K M AT s PR (= B2 AR R AN A IR R [25]
FARFIAT B-RRRS (1) 'H A2 AR i B AT TH NMR Jeil i (151 6). Bl SR A A0S 48K p-
RS, AR — SRR R RV

H, H,
R?\O/C\crg/C\O/R1
O

\R3

Figure 7. Chemical structure of triglycerides
and B-CD unit
E 7. Him =B p- IS R TR L F A
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Table 2. Chemical shifts & (ppm) of B-CD in the *H NMR of -CD and inclusion complex
Fz 2.1 PIRIEIEAY H AR EIRIE P BB LML § (ppm)

{257 F% Chemical shifts 5 (ppm)

Jii-¥- Proton B-*HiKE B-CD A4 Inclusion complex A3(ppm)
H-1 4.830 4.831 0.001
H-2 3.299 3.299 0
H-3 3.635 3.635 0
H-4 3.369 3.369 0
H-5 3.548 3.548 0
H-6 3.648 3.648 0

K 7 @R 7 H I =Ea A0 B PRI BT Ak S S5 M . 6 2 BoR T B-IBIRS ISR T AL S I B AL o
PR UA LA EAR A SR T I R 1 25 57 o P ) E B A B R T35 3 e 'H NMR il
5.319 ppm FKon sk H ARG R, A 5.192 F 3.968 ppm (1A H i Bs - i H i 2E; M 2.730
F]1.181 ppm KIGREAR T AL EE4>: 0.851 F10.770 ppm [RAREEA % FI L% [26]. ZER-EWt, HT
AU , AP I 5T AE A A% 31 5.314 ppm 4k, 0.850 Ab 06 A IR T A it HH %5, 1117 1.054 #1] 1.493 ppm
A WA R TR AFAE—CHy—; 1T — S8 H 3250 k4 1 IRk, PSO Y 32 B H I = R 45 /b HEN b-CD J%,
FERRA R T LN AR A I . % TP RE T FT-IR 4553

Table 3. Chemical shifts & (ppm) and assignment of fatty glyceride in the 'HNMR spectrum of Pine nut oil and inclusion

complex [26]

3 3. EMFFRAIE A H BRSO FAIR 5 (ppm)F0AE A E hBEEY 4> BT [26]

VA x=2x:7 ¥ TR TR Th REHE AED
A3 (ppm)
Peak  Chemical shifts & (ppm) Proton Functional groups of proton Inclusion complex
1 0.770 —CH, MRIRR . R TR ¥ /
2 0.851 —CH, DI 0.850 -0.001
1.181 1.054 -0.127
3 1.244 —(CHpn— FIAT e A 1.235 -0.009
1.500 1.493 -0.007
4 1.915 —0OCO-CH,—CH,— FREE B AT A x /
2.002 1.964 -0.038
5 —CH,;~CH=CH- I 5L 1 2B B AR i TR
2.127 T /
6 2.284 —OCO-CH,— I o MR TE 2.272 -0.012
2.633 x /
7 =HC—CH,~CH= R R P (2 AR g TR
2.730 X /
8 3.968 —CH,0COR HihE 5L Sn-1 A E T /
9 5.192 >CHOCOR Hi B 20 Sn-2 1 B x /
10 5.319 —CH=CH- BT AN I 107 1R 5.314 -0.005
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