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Analysis of quality characteristics of bayberry kernel oil based

on different extraction methods and its seed meal research

ABSTRACT

With the increase of bayberry consumption, bayberry kernel is
largely discarded as a major by-product, which not only fails to
effectively utilize its potential value, but also may cause pollution to the
environment. However, bayberry kernel is rich in oil, protein and other
nutrients, which has great development potential. The purpose of this
study was to investigate the effects of different extraction methods on the
quality characteristics of bayberry kernel oil (BKO) and the effect of
bayberry kernel defatted meal (BKM).

(1) BKO was extracted from bayberry kernel by six methods: cold
pressing (CP), direct organic solvent extraction (SE), ultrasound-assisted
n-hexane extraction (UAE), Steam explosion pretreatment to assist
n-hexane extraction (SEP), aqueous enzymatic extraction (AE) and
supercritical CO; extraction (SFE). The effects of different extraction
methods on the chemical composition, antioxidant activity and flavor
composition of BKO were studied. The results showed that the yield of
BKO extracted by different methods was 30.95%~49.49%. C18:1 and
C18:2 are the main fatty acids in BKO. The total sterol content of BKO
was 384.67~597.14 mg/100 g, and B-sitosterol (284.66~453.83 mg/100 g)

was the main phytosterol. The total tocopherol content was
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632.09~1227.62 pg/100 g, and the content of a-tocopherol
(530.96~1080.31 pg/100 g) was the highest. The polar parts of BKO
extracted by CP method and SFE method had strong scavenging ability to
DPPH free radicals. In addition, a total of 67 VOCs were identified in
BKO, and the types of esters and alcohols accounted for a large
proportion. Among them, the flavor of BKO extracted by SFE method
was the most abundant, followed by BKO extracted by CP and AE
methods. It can be seen that SFE and AE methods have significant
advantages in extracting BKO. In addition, principal component analysis
showed that these VOCs could be used to distinguish BKO extracted by
different methods.

(2) The lipid composition of BKO was comprehensively
characterized by ultra-high liquid chromatography-quadrupole
time-of-flight mass spectrometry, and various lipids were qualitatively
and quantitatively analyzed. A total of 230 lipids were identified,
covering 17 subclasses. Among them, triglyceride content accounted for
the largest proportion, followed by free fatty acids, diacylglycerol,
phosphatidylcholine, phosphatidylinositol and phosphatidylacetamide. A
total of 37 significantly different lipids were screened by multivariate
statistical analysis, including 31 triglycerides, 3 free fatty acids, 2
monoglycerides and 1 diacylglycerol. Significantly different lipids can be
used as potential biomarkers to reveal the effects of different extraction
methods on the changes of BKO lipid components. The results provide a
new scientific basis for the quality control, adulteration detection and
quality identification of BKO.

(3) The content and distribution of amygdalin in defatted BKM
were analyzed. The content of amygdalin in BKO extracted by different
methods was 64.83~92.83 pg/mL, while the content of amygdalin in
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BKM was 26.12~33.58 mg/g, indicating that the amygdalin of bayberry
kernel was mainly concentrated in the seed meal part. After high
temperature detoxification treatment, the content of amygdalin in BKM
decreased to 1.85~3.28 mg/g, which was reduced by more than 90%. The
basic components of BKM after detoxification were analyzed, and it was
found that the total amino acids of BKM obtained by SFE method and
SEP method were higher. The water absorption index of BKM obtained
by AE method and SFE method were higher. Combined with
microstructure observation, it was found that the quality of BKM
obtained by SFE, UAE and AE methods were better. A total of 35 VOCs
were identified by gas phase ion migration chromatography analysis of
these three defatted meals. The VOCs extracted by AE method were the
most abundant, and esters and terpenes were the main flavor components.
By comparing and comprehensively analyzing various oil extraction
techniques, it was found that different extraction methods had significant
effects on the quality characteristics of BKO and the nutritional value of
BKM. Therefore, BKO and BKM can be developed into high
value-added products by selecting appropriate extraction technology
according to actual needs.
KEY WORDS: Bayberry kernel oil, Extraction method, Flavor

components, Lipidomics, Amygdalin
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SRIE INNET 4k KB A R (IR AT /K AR, 2 RIethiAl, B&HiEE pH6.5. B4
BEARINEN 3.5% BHRLE 1:3 (g/mL) I 50°CHIZ%ME T, AR 90 min Y,
BKO MRk F] 53.79%. Hp—Htl, SARMIRmBEREE. MRk
B, KB RESR I H BATIE A& URAR B (L AR BKO, HsiE AR 4, X
Ja A e R B R U,
1.2.2.3 #Bl&aF CO.ZEBUE

IR T COL FEHUE AN B F 2 M ki 4R, Wi &Rl (L 5FF
T SEECRF Il S0 AR E i R BRI 5 COn I ARTE I 5 5 (K 23 B AR 1
ARG . i A5 NV I S COL #H BKO, 454 PR 3% 540 Al
R AT T2, RT3 T 89.73% MIZEHE . Xia 55 NPAITE @I 5t CO, HHL
BKO B, RAFSHNSZERMLE G, 1€ 45°C, 35 MPa {5+ F AT #
AXEE, FIE 4 Limin 1) CO TEMHTENASRL, HAIEH] 41.7%0013 0%

I CO2 REHUE A —Fh i AR IR M Loy 1 U7 i, B LA f. 4
IR R, IERT S I A BOE NG il B SR 055 7 4 o SR, 10572
TCVEA AR AR M R AR, WkRe . R, BIGAEIR SROA R 2, A
s REFEDR, TR AR B 0o ol A SR A e P 7 i 0,

1.2.3 BKO BYE TR 57 Flg BR &R

BKO HINEWTR & &, JCHZABMAENTR (82.20%~90.07%) BmbP3, A
TR i T A N AR 0 55 (R0 9 1 4 LA R L g R 87 o i L5 9297 25 22 P fe
BKO WIRIi R4S 9 Fivi WA AE AL, BRI B 1-1. BKO M1
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FHE W2 32 B FEARAR (9.4%~12.7%) FIEARER (2.2%~5.2%) , ANHLFIfG
FRA IR (35.6%~49.6%) « WIHER (34.0%~49.2%) Fl/b &V HRER (0.1%~0.5%)
o MERBAE AR EE TR M R . BKO HUMIER &
AR T I ARFH 7 B AR A3 AR e . H 9 =18 DA K TS 3 bk ke R A A4 T R
AR O, W EBIREEFL R, BKO MR I BL 5 e 7 IR 1)
77.35%, HHHIREGEAN 44.79%. WHRELFRIITRE —, S5M0RES
P, IR MMER . ERAEER AN IR A B T AL i 2 M IR I & R, SCRFI
RAETRENTSU, A, BKO I E 44K E (5 100 g & 249.0 mg) , LAKBEAR

==

My SRS AL YA R S 1012, (B FL BAR RSy AN 5 AE R e 4% e, TR et —20
Wt
F1-1 ARV P 8 IR R A 1
Table 1-1 Main fatty acid composition of different vegetable oils
TR R KRAHIR T I TR THER MR T FRER SR
452 Py i 9.4%~12.7%  2.2%~5.2% 35.6%~49.6%  34.0%~49.2%  0.1%~0.5% [3,7-10]

R OREu

o}

FEAE
(- 2
B/ S ST
ORI
- ZRah
LN P R
L/ el
SN, 7% |

8.0%~13.5%

8.0%~14.0%

5.0%~7.6%

8.6%~16.5%

12.0%~18.0%

7.0%~12.0%

3.9%~14.5%

1.5%~6.0%

2.2%~10.0%

2.0%~5.4%

1.0%~4.5%

2.7%~6.5%

<3.3%

1.0%~3.0%

4.5%~6.9%

0.3%~4.8%

0.5%~3.1%

0.5%~6.0%

17.0%~30.0%

35.0%~69.0%

14.0%~39.4%

20.0%~42.2%

40.0%~50.0%

34.4%~45.5%

68.0%~87.0%

8.0%~65.0%

11.5%~35.0%

48.0%~59.0%

13.0%~43.0%

48.3%~74.0%

34.0%~65.6%

29.0%~42.0%

36.9%~47.9%

3.8%~14.0%

9.5%~30.0%

50.0%~70.0%

4.2%~11.0%

<0.3%

<0.3%

<2.0%

<1.0%

<1.4%

5.0%~13.0%

5.5%~18.0%

GB/T1535-2017

GB/T1534-2017

GB/T10464-2017

GB/T19111-2017

GB/T19112-2003

GB/T8233-2018

GB/T11765-2018

GB/T1536-2021

GB/T22327-2019

1.3 REBAFMRIER

BKO & & AMBMAGIIR . Y0 & B A 2E 6 By 55 8 7R

gy, IR X

HA B EAER] . SR, A% GEHI R 5 0 b 7592 m] B JC i 4= 46 s B AR i IR o 45 4
HEYIThRE - BEBRAL AR — T T IR FEUR, BENS et 0 #r A i
HEIURy, fan AR R S RIS &R . B, IR RS2 NWETT, ALk
FERAIIR T BKO 1A o2 oo %k N AR BRI AE FBILAD, O 55 oAt & R AT
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L. BRBTRT ) ) \Fh EBERAL. RITIESE (FA) « HbERT (GL) « Himk
fE (GP) . #fiE (SP) . HEEMRM (ST) « FNMEEAER (PR) « #EflF (SL)
FNEREA (PKD 282, JigJot 2 AR 2H 2% (1 — A 43 34, B W] Han #1 Gros
sBRH, BIERGW AN TIHIHR. S50, ThRELL R Z&EBMN, &—17]
WM R IR BOR B E Rl s o T AR IR RS SR, N
BRNG PR AT RE SR L T oA 1M TR AR, RS 2 M TR
FHFEAE, TR AN A6 S AR B 20 i IR 2 R IR e, BR 2R R T S
FEADIRERAE . R AR — T TR R AEOR, BERS T AT AN Rl S T VR X
BKO JgJ5 2 ¥ om0 2% 20 A, W ARG T BKO HIRIDTER . Him
= B S A IR A AR Ak, AN e HL T IR AN D REARR I 1) 22 5
XXM BKO FIFEHCEZ L $ETHH ™ it T LA R HES) FLAE By B8 2 400801 L
HHEAEEE

1.4 FFFHAVIN T TEREREE FIA

BKO & & ai IR BUSSY, ABAESRBOS AR 227 A2 KB R E 9 81 o
AR, WA IR 2 H T R R e AR, (R & B R TS b b
HAAMERAR. [, MrhEA —SHE R T, GALR, TR E80m
TR o BEAE NATT G 60 A B £t 7 SRS, A AEE SKOFNIE I RIS, AT
SSt AR PR R AR IR AT EE N, SEEREE R E IR, AT G B R
TR B RIFA 8 7 L2,

Cheng ZE IR FE R, MMERA R (A R BEUBRE AR GE, e
TEMARER. WILFFPIFIRI, B E AR S BN 22%~26%, i
g JE A RA 2R A BRNS 5 B I S2 38 57« Cheng 250550 Y 25 v YT 1k AR SR i
fekarbr s RACE A, 4RER, UiEREANEAR S E#T 90%, iz
i JEFA SR 5 & BN 60.5%. X —25 SRR, MMz A I AR FHAE 3R E B oF R 8
RUEE A PORIE T 77

WA, M AZA— B T 45 ThRR 1 22 IO — R el AT A B A T R 1R
VIR AR R T, B 2R IhaE. B, &8 2aB&T /N E
IR HAT 470 TR 008G 58 G 32 0 R PO 5 2 4 IR P AZ Bk JUR U 2 I 470 % AN 48U AL
ThREST, [k, BA-EARE AT RetE & R sy, KPR R 1R B AR 58


https://www.sciencedirect.com/science/article/pii/S221345302100121X
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SR AR T SO B P B 1 B K AR A% A, ) 2% IO AZ A 22 IR E T B e 2
FHIEE] T 46.75% M= 8E . HFFEKH, BKO M LEIF= M EEEUEY) & B 147
P o TR SCRIOORN ) )1 S50 5E i SE R B, MM AR A SR B R A B A g 1
THA R PR A 1 i 40 A 3R I e 1 2 RO ) Ak R, LR A R B R Bk 2 44
IR, AH AR FBLE] 2 — 2580 . Huang 551251 AR VPG T FM
ZAZ IR RE 71, SRR, WA A X bR K 35 B R S Tl ) B 4 i JL A B AL
A REFRFIHEIER o seoh, WA M2 BRI+ S AR &
Yy, HAINEMGTEATIRE,  BEA ) 45 i i es A0 s (4 & A L3,

LKA, BKO N L@ =4 ) LU I 2 OV E SR A 28 i sy, SR B BRI
I RO, AR SRARONY . RS S5 S5ty SR (1 R AL 22 o
L5 izt E S o EMRER

EAACW BRI R, K& ENEB T ACE IR 1 8OR, e 1A
PrEA PUMIE . AT B S IREDO, SR, A KM YR R R A AR
FERRE N S80bE, HEALEM, FIHIREOSSR AT T Mgl 5
AAE BRI RIS MEANUE AR R, HEUPAG LA /N BRI E R RICR . AT
R, IR R H B EERR A Y], B S HIRERRELR. £iF
GO SEIOH S, FERAEIRITZ T, WA RIHEE A 93.80%. #E—1
W ORI, $EEA% DPPH H A ABTS H HIE 0I5 BRAE 1150 518 261 mg/L
1281 mg/L, EonH RIFHIPUEATEPELS, XS FL R, %A L&
Yol FH T3 ECE A0, B YA R R SR 25 s i i 58 A S 7
1.6 NEFHHRAR

AR 5% BKO $EHU T2 5 H IR /2 o8 RIEFFRR T, HAF T ENY
HEAZAZ 2L BKO« PG AS [R5 72060 6 BKO 42 oy At S Ak i P 1Y) 22 5
F 3 BT AR -5 B 7V AR DG o 8k — 2D R F R S 2E 2 01, o AT AN [ ik
SEH) BKO HIR B A il 22 5, IRk 2 Z IR 4y 1, TR LA [ MR
JRZH I BKO B AT A o B AN [E) 7 iR B ) I IR R R AT 250 0 A e AR Y
BUR:

(D) UL AR ERE, RSP 22 3L BKO, #i5E 1 7S Fihidi
HUBKO MJ7E, ol M A WUA T B A AR IR VRIR T

7
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FUAEEREL . KA. BRI COL . MARE V4RI BKO M=, feii
BRAL R I PR IR RIS EIG PEHEAT 720 W7 . AESb3ERE b, SR HS-GC-IMS #
ARp#r 7 BKO WHERMEANY), fam 7 AR, R 7K.
SRR, AWEFLN BKO B AL A P FR B T2 iRt 7 HEM S5,

(2) FIFIHEET LC-MS/MS F IS 5 2025 7 AR SR R 7 4 LK) BKO FA g
JRZH . X BKO W B 2 g AT A AR AE, 15 BIAN[F 775452 X BKO [ i 41
NP, s T IRIR M S, TR RO BKO RS B LEE .
K2 G A ITE R BRI T 0SS 12 587

(3) ARGtz R s A s T A, JRAR
VL At VX A A S MR AT 85 A T 388 3o 0 24 5 1 R [ b B 7 94
B I M A A MR R AT B o3 B, IR LAy« WRoKFRE . oM 454 DL K&
QIR 57 AR A PR SR BT VA DL B A, 28 HE =P A e I T R A
AT R I3 7B, A MERZAZ IR 0 T A B SR TH R AL BRI AR 4 A S
T
1.7 KiFBHHRENX

BKO {9k RGEIT R HH 246 f 5L, HAT BKO FOBF LRI TR 47
EEHL AR . AU B X A RO 300 BKO SR AR 0T, 4R
FILEMOR HEAR, IR R R R ME AT . B %8, Ml lE
HERIEN T 5, AEA B B AR AR o 3883 L M v . VAR A L KR
HBIG A COr FEBUEEA R LI AN BKO S R, o] UAMR IR I T 232
BBl AR, RTFMAR R BN~ &, BKO B S AMAAEIIRR . KIRTUEI L
o35, BATERAE RS FRAME R B, W50 5L BRI B T HES it I AE B i
PRfi i SEAT I A

BEAL, FEBUS AR T A A RZA AR A N PR S, B R e 5 iR
FR LTS5 R sy, Bl TR IR (. SRR e, "TLUA
FLAEARE, JERE IAORAA LS AU ) B FH g i B, HESh LS EAR A,
DTIRIR SR, (RERMAEAE TR E . 526 KE, AFEAMUE B T TH i
BAZW AT IME, s 7 R BRI T RESER &, IR REe AR Y IR B R
F1 0397 A0 43 € 7 b ) A B 138 2 S B0 S R AN S Bk AR T AR R B 9 A
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PMEEZEX:

CO RN PSR EUTVESEI BKO, 73 Bt A [ B2 HC7 5% I 5 P i ot R A7
A HERTRA RS, LR BRI, JHRFUH AR ENE, J9 BKO 2
BT Z RO (B 12 A

(2) I T AFRBUTIEN BKO B R0, BLSAN R g B 4Lk
(¥ BKO )22 Z e gl A2 4k, WA FJT RS2 HCR (9 BKO ) ot XA S it 1 2
WAKTE

(3) BIL T ARz AZ I IE AR B B 35 A BE 5 e o3 i, TS AR B 7). B
FESRTH IMAZA R RA ) 2 e 578 TR E, TRZR AL ol A DR i ity 55 AU 7
FEN o BEAN, B FCEE RAT B T D BRIRIR %, SCRP MR ORI AR RS R e,
FA S AR BV AR IR AT 5 AR S HF
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F 28 AR ES BKO HEmMKS . EWLEMER
R N: AL

2.1 5|5

Pt RE 2 MR R HH R mIRREE R, AR RAE
R 02, B 7 RS B HAMESL, Bt 2 — Rl B e EY, Wil
A~ 5 52 MM B 11.40%~16.35%, H R & 8 mik 60%, % & T hsE
FFRIR 30 S5 A5 SR E 109, ook BKO 1) Mg 07 IR 25 B R 1) A2 A R A iy 1
(79.52%~87.22%) & BAEmPO, AFRMER . WML s IR S . BKO 1E
N—FRREDM, &S Em. ZHEEYIEERT, BRAIR. PUE. A
s [ TR R 4 I 5 g g e Ab 12141, AR, H TR BKO $2H0 vE K LA
WIIG TER BN PR . R, IRAEFE BKO HISRIUT A AEE MRSy, X T
FERE T ORfit it A A ) BA S B A0 S F A

— MR AL, B I AR IUT R T DA R i R ek TR B B R
X T BKO U %, SMNEQTREREE (CP) MIENER (ECk) %
W (SE) o il CP VLRI AEFIG Sy, e IR IRVE IR E TR
P R, AR OAAIG o IX R AT T 22 A AU AR, A2 B A LB i
SR, 8 X b 7 VR 3RA 1 i 2R AN A R FE AR, BRFEROR, TR Lo e
PLFEEUT R ATEUR T, RIS, I Ok S A T ih e p R, H U
W) A A P 1 O [ B R L 23 1 N G A S R (IR ISR IR SRR, R A
FEBEE ALV TR, XK T a2 a0, AR S, G Rk
AB% (SFE) | KEgiE (AB)  EAHBIECRARIE (UAE) KR4
IECEARNE (SEP) W B H THYMEH¥$2H . SFE F1 AE S B I (1) 5] i
RECREALIR R B U370, 5L GEMLL, EEARR A AR N, 11T
ARG ARIRSREL, F5 R B P sl R 1R A P o (1 0o P A S A e | T 1%
BARMERR, GEREML, RIIE AT LT T AL AN KR A 2, 75 A SR e R (R 2R
&0, BKO fE N — MRl BAKRIEF &, HESIERIRRE HRERR T Z.
ECH I, Zhang FF28RHA] AE #2580 BKO, FHAFH 1 fEfeisk it FRifik

10
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ORI B il B K B VA R X DA SR A A ST 2R, R 2 T S VO R R e
IR BRI BKO. 380757 SN E g iz - ek, LU SFE. SE 1 AE
SRRSO JE R . AL TRRR AT AL . HATC AR FEED T
HERZAZ IS %, JEARKRIE R T A s P REI RSy - BEAk, XU B 5
Fit B AR AR B AR P o T 2 — U8, G T PP T B B T e ) R
A EAREZL . £ AR, K20 T SR 5 (1) R R 23 434
IEARA X BKO FIRKRIEAT R0 4T

AW I B EIRR BKO AN RISEET %, e A A AZ Hh S 3 1) g T R
W, DARAE S B B S B, PR TR S A E . A, SR
SABEFIERBGIE (HS-GC-IMS) 43 HTHf 5 BKO #ER WA (VOCs) JetL
Z 5, DI & . B AL AR I AU 275 T KR FH S fit 2
AR AR .
22 KM SR
2.2.1 RS

Wit 1-T 2022 4F 9 H N EWHL A EEWGEE, ditERE. ZBRAR
AR FLSRZA, BT RESKERT 5%, ECk. FlE. 48RS
WA R, T E B2k A G R A R .

TALFETTIE T MRS T BT R TR 35 5~8°Cltfr & H . %77
%M T CP. SEP. SFE.

TALER T2 11 s A% A- TR AL BT T | R BB WU, SR )5 FH 40 H i
G50y ASKAS I ST HRLIE o MR SR T 5~8°C i fE4 - 1% 7M1 F SE. UAE.
AE.

222 LWHWNFEERE

DHG-9030A S48, FNEWMAY T Eigas AR AR ST-528 & i
TIF BE AL T3 22 2 A PR 24 ) 5 SUNZ-M23 SEAT IEMEN LI TR 11 D5 )1 22 L
BRAT]: 756 EANAT WA 6 VI T EIgHOGER G R AW . SFE220-50-0.5
BRI+ COr AIL B 25 M T B A B PR A 7] 2695, 1260 iy BB AH (1 A
T3 [H Waters A 7); Agilent 8890 S AH (X« Trace GC-Ultra S AH 3% 44 T

11
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2 [# ThermoFisher A 7] ; QBS-80 V3B HLIE T1E IEAE SR A B A 7] ; HS-GC-IMS
) 1288 ] 22 4 S 0 ]

2.3 WM E
2.3.1 E#¥% (CP)

TEZ R T IE I A EAENLEL 20 rpm BRI B e TRAL BE 757 T N I %
1= (100 @) o WHEEJEUE L BRERTR Y, BRIEM, IEUPRCEE B .
2.3.2 AHLUSFIRIUE

(1) HBIAEFIEEGE (SE) « 2% LiP), 228 55 NBOR) 7L IE nbhsod
B WAL B IE IS I I LSRR S (1:7.5)  (miv) , f£48.5°C M
HIEHEFE 140 min, FEHOGE UG AT 2B R IEOEE, B 2 e A0mE I e
ARACHAT AT, AETREWAC R LRV, BISOmFEIFRRE . JEDHH
AT

(2) MBAHTACFEAH B O EUE (UAE) « BH WL TN, K
HUPAL B 7R 1T R M4 10 g THEZ R 3R IE O, 7E B8 AR |
TSR (] FEAT i 75 AL . B 7S 45 R LS HliE,  JRAE 40°CTR i 78 R B 22071,
RSP R IFTH IS5 . IR B AT

(3) VRIBTRALFEAH B Cbed2 B (SEP) : 2% Farias 25 ABUG %, FREX
WAL T RIS 100 g & H, A8V 15 #% 1% 8 e HE I 1H) 30 min
FVRMRE ST 1 MPa, BEAT 28050 WO ZVRR IS (R, IEHAE T 55°C
120, R 232 (1D B7E4SHEE BKO.
2.3.3 JkEgE (AE)

SHMIEBIR ZEANEBI AR EE L, T E T 1T R i
BAZS pH St I 1: 6 S5, HEZ&RALH 20 min 5@ A, I 1%
PEEE ARG, 45°C/KIBEEAR 1 h, FHEZE 55°CHE#A 3 h, FFHEZE 95°CHHFF 10 min
K, WEIE=E, T 3000 r/min N2 15 min, BURAHZEES Sttt d, 1335
BKO. JEDHH® BT .

2.3.4 BInFRAEZERCE (SFE)
2% Xial¥l, b5 N VARG VRS, FREL 150 g TRALEE 757 T R

12
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WMERZA T I CO, XA S, 1F 0.5 L RN 2871 L) 35 MPa {25 /5 /7,LA
0.45 L/min FJFUETEN CO2o P A% F1 70 B8 &5 H TR 73 A€ A 50°CAHT 40°C,
JLEEEL 2 h, 753 BKO. [BIU 0.5 L 328 A (K S8 b 25 S A7
2.3.5 BKO BEMWItHE

BKO M3 2R 4 51 2 it 5

N SRN BRI R E (@ .
ZAT I A2 (9) = IN -
MtgAZA Mg % (%) IR R (o) (A 2-1D)

2.3.6 BKO HER N FNiE S E RN E

43912 2% GB5009.229-2016 A1 GB5009.227-2023 I 52 1 B IR (mg KOH/g)
A EAE (meq O2/kg) -
2.3.7 BKO R AR BAERLE 43 I E

Z 8 GB5009.168-2016, FHAAH LN BKO MR R SGHAT b,
% Yin SSEHRIE R TTE, ISEES, BRI

By 50 mg #F A TR e HalE A 2 mL 0.5 mol/L S5 AL Al - HY %
B, BT 65°C/AKIBH H R 30 mine HUH EAEL, BN 2 mL 25% — #ALHH-
FBEVAT,  4REEAE 70°C/KIE AR ERAL 5 min. A EIE I 2 mL il g 1F e,
P& 3~4 min FREUIEHTER P EE, FEAA 4 mL AR EALANE R B . FEE
B FZWREFE 1.5 mL B0%, IATKRERE, 75 10000 rpm K &0 5 min
Ko RIS, BRI T S A GRS AT DLRTAUA — ik 2 e s g
JUTTR o5 S R T R T I 4 L
2.3.8 BKO 2R ERINE
2.3.8.1 HHIIEER

S B GOSN SER A I CAGEE, SR AU LR A T I E o YRR
BKO 0.5 g K% 0.001 g) , B 0.5 mL 1 mg/mL () 5o-H k0 (HFR, &
fETIECKD &5, PO S mL 1 mol/L EE M- LREEH, BT 90°C/KIGH N
# 60 min. FEFEFAENE, IO 3 mL KR 2 mL 1BV, B0 FFE i i i
FERERE it STV B B WA i R ORE s o B i SR RR S, IFLAAER S
P S AR LA T B R

13
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2382 £ B

2% Plozza S5SISLES 7 LIS AEAE L, R iy 80BUAE E i g A7 M 5E o e
FREX 0.5 g BKO CHEffiZ2 0.001 g) T, A 0.01 g HidR AR, FAIIA 5 mL
S - LB, 60°CAKIR AL 1 h, BEIGIAGIKS ZRE, 5
10 mL 1EC R =4, B —RAREG N 5 mL CRehe B, W e 5 I L
JEET R s B IKEREL NN 2.5 mL CUREIREL, R IERE %A L Z
BIKE =, R =R R BB S I, B S KSR =, IR EK AR 2
7 o 8 F TC /K SRR BT 18 HUAR S 347 3 08, KA LA R i 3 2 e 28 25 B
BeJe s A0 R EEVA IR Y, 4t 0.22 um A MR ES, BT SR
M ER R 2 mL, 4°CH#E. LIS g P E A, HRE S A E bt . 1%
AR EERERE IS, AT RE SRR 73 BT FR il b v i 26 o Bt R B BN [R] #5226 6
K, FERAEARHE R R S E
2.3.9 BKO jERR B REBE SINE

BKO &k H HHFERE J70 52 22 X E G0, Szydlowska L0 T %, I
BHATIEMBIE. FEME ST

WA : B 2.0 g /247 BKO CHiffiZ 0.001 g) 5 5 mL HELRA, RAE
BB HR T 20 min, B0 8, BECEER, HE 3K, AIHEIRIET-200C
FARAT o AR RO : AR HUR AR 200 uL, I 5 mL LR LESIR A5,
2. AMWMEER: FREGERE BKO 0.15 mg CHERE3] 0.001 g) , A 10 mL 2/
CERIRAEYIS, #%H. SCIRKEMEAERT (Trolox) 1ENARE ST /04T .

2% Espin LSR8, H B DPPH H HH2E, FHIER 0.1
mmol/L ] DPPH VAW HX 2 mL ke 55 2 mL DPPH VRS, B THEAKR
Bi2h JE, £ 517 nm NIEROLE . THES %2 CEESPIRAFT, R Trolox
W SRR R IFRHE 2k, K75 Trolox 83t AIEYE, 45 5 Llumol TE/100 g
MWERIR . R LB CHRIECH| DPPH H FHAE R MR, Kor A EAR P 50 7 A AT 1)
B EERREE /T, M7V S RV A DPPH WA TR AP SR AR ) .

Bl 2-1 A% 1t &6 43 1) DPPH % HBE AR R AR it 2k . RIEIL & 7 FE
y=0.5483x+0.0105, R?>=0.9991; AEAREHR /Al 4yh I HTA AL RE JIRRHE ] 2-2 Fis
[f) DPPH 4.1 L. Ba R R b e i 211 5. LR 3LE 7 FE N y=13.447x+0.0025 ,

14



TR R A 18 5

R?=0.9949.

1.4
1.2

1 .y = (.5483x + 0.0105
0.8 R2 = 0.9991

0.6
0.4
0.2 e

RO 2

0o
0 0.5 1 1.5 2 2.5 3

Trolox ¥KJ¥ (umol/mL)

K 2-1 Trolox ¥i§ % DPPH H Hi%: CLLFEE Y NS 57D A v i 2k
Figure 2-1 Trolox standard curve of DPPH radical removal (with methanol as the reaction

medium)

0.6
y = 13.447x +0.0025

0.5 R2=10.9949 ..
o 0.4 P
ﬁ 0.3 ,..,
i.i 0.2

(X
0.1 )
0 &%
0 0.01 0.02 0.03 0.04 0.05

Trolox ¥KJ¥ (umol/mL)

Kl 2-2 Trolox & Fx DPPH H H1#E (DL LR LM A I N A BT b ifE il 2
Figure 2-2 Trolox standard curve for clearing DPPH radical (with ethyl acetate as the reaction

medium)
2.3.10 BKO HJ HS-GC-IMS 7%

K F HS-GC-IMS il 6 AL 7 7%~ BKO £ 5 1) VOCs. 7% Zheng

15
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ST VERSVE IS, K 1 g AR 20 mL TRZ N, 7E 80°C R LA 500 rpm 1)
PEFEE LR & 20 mine SRS, TE 85CCHY {3 AN FAGE S 3844 0= #E i (0.5 mL)
IS O, A BP0y B R AR (WAX, 15 mx53 mmx1 um) , &
FE 60°C, Ifi B FIL B 3 W iR B 1 B R 45eCrm i/ AE NER, R 2
mL/min, 2 min, 10 min P34 H0%] 10 mL/min, 20 min A3 H0%] 100 mL/min, 100
mL/min fREF 20 min. KR ERFFLE 150 mL/min.

ZEO R E R R, B I FIAR IR I ], X BKO ) VOCs 34T T
SEMERAE . FZAX R T AR X VOCs #EAT T Z AR FRI T FREURIANH
P A 1 4 I 3 o s L G P AN 41 o5 B A AR 3R AT 0T
23.11 HEGEIHS7Hh

X BT T (0 BRI O AN I T R 2H kAT T =0l . SR SPSS 26.0 4uit
BRAF AT BLR 3K 7 2243 BT AT Tukey K56 o 7E p<0.05 #2572 T 2% 72 5+ . A Origin
BAFH . GC-IMS s i F 3t (G.A.S., Dortmund, Germany ) 14 14
BEAT 73 HT
24 BR51HL
2.4.1 N[EFHERA BKO 5%

Hi &l 2-3 AT Y, ARFEJT TR BKO 173 R IFEh1E 30.95%~49.49%, BKO
RGBT RIGTHES: UAE (49.49%) >SFE (48.33%) >AE (46.85%) >
SE (46.71%) >SEP (45.64%) >CP (30.95%) . A ML LLE A Rt A%
A= I BKO, i, UAE 3K43 &) BKO 3% (49.49%) , SFE 2
R (48.33%) , A WL 7= 2 AL AE T AT DA 200 # BKO A HUS AP, SFE
FEHU) BKO iz, 2 iR HAFRE G . &/, CP i BKO 431K,
1A 30.95%; IXTRESE H T CP fEIEUIAIZ & Tk B 2 I§ . SE Al SEP 424X
FHARARL o VAR TRAL B RT AR PR 2 5 1 D A1 49 B B v, ol i SO A R
IRSERAS, $I0 T KPR AR (R IR R R MR R LGRS RO, (B R 2RVR 1%
ot RS A KRR, SBA SRR R, ARSI o R ReR
PR E R . BRSO AT R I A R T T 2] (p<0.05) , fH
AR BRTIAL B IBIR 5 PRI GR B2, AT AR S B 7 . AE $2HL

16
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BKO 3% AN Him (46.85%) , g nl LAREMEMATF 4 1R F 269, i
M AL RIBIR, BT ORI BB BEAN T, DA RAS RS B 20 Rt K 1 5 A
IR EUEAF AR 7 B ok 3, [R, KBS REFE . PRIRAE )7 0 BA B3t 3
931, PA_E i REL R4 BT 35 ] A R FE FE AR SR U BKO, AR L & RS Rkl
MIAFH %, W RRFF I (30.4%~32.9%) FIEI & FFH (11.5%~17.5%) 697, #f
WADMEAZAZ S —Fh i i B S REFIORF T o R SR AT DI v B 58 A 38 1 — o Y
BB

50 2 ab
s [ ¢ be x
% 77l
e
e ,
40 ?/
& d
< 30 -
‘M‘ .
=
o

UAE SEP

FWCTIE

K 2-3 AFJTTEPT R I BKO 3% (%, wt)
Figure 2-3 Yield (%, wt) of BKO by different methods
A ARVNGFRHMURA R AR Z M ZER (p<0.05) , T,
2.42 TEFEREAE BKO BRI AT EL(E

PR A AR T S A 2 4 B £ P el 0T ) B 4B AR 2 — . W3R 2-1 P, CP(0.41
mg KOH/g) 1 SFE (0.39 mg KOH/g) 5 iAH B PR LK, 1% 42 RAX P
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JHEREG 7w, B R T MR R SRSy AHELZ R, SE. UAE F1 SEP
V25 T IR AV SR m T B A BUR IR I . AE HREUM BKO B, X5
Balvardi 25 U814 BU A5 19 (0 45 SR — 8. b, BT IREBUT R I 85 &
GB2716-2018 (£ iz 4 E AR eI ) HIZKR

SEIS ST, SE (5.84 meq Oxkg) 1 UAE (5.81 meq Ox/kg) J7iAEHEHUH
i SR B S i T A i . SFE $REUM I A E & T CP M1 AE, X5
Yang SN R 45 5. thAh, CP A AE HFHEIRA, feA R0 6 ik
R R, A B EERM S EN. SIRRTE LA EFE
GB2716-2018.
2.4.3 FEIFGERBA BKO 5 #Y A8 AR ERLHE A%

XA E 7 BT A EC ) BKO 28 FHBR AL J5 HEAT A 6l o0 B, AR 37 FhIE s
T3 Vi YRS A5 o Y o 85 R 0 e 1) L Dt ), i s JC AR D R 4EL A, BKO e IR T T
M 2-2 fror, @il Shaahat i, L4 BKO Al E] 13 FHRITER, 730K
TR (C12:0) | H5ERR (Cl14:00 - ThkifR (C15:0) £ (C16:0) .
FERENIR (C16:1) « +Lkilik (C17:00 . fffEER (C18:0) . VR (C18:1)
THEE (C18:2) « KR (C18:3n-6) « o-WHER (C18:3n-3) « - H—Hs
iz (C20:1) « Jrig (C22:3) o [FI, Tt /& —F BKO A&
(SFA) . BAMIHAENIR (MUFA)  ZAMAIENEE (PUFA) &R, RIE
K RIS BRI . BEAGIR . MR WOhlR . MR IR . S AN R
M2\ Z ARG IR & 5 s b g oo LEARR I, ] 24

H13% 2-2 FIE] 2-4 W] 01, BKO H SRR F &, KA S AR 2 BT A 42 X
[f) BKO IR B 50Ch 13 F. C16:0. C18:0. C18:1. C18:2 & BKO %
FIRIIR, & T 2%, XU b A Mot i —20. BKO H & &g
(C18:1) Ayl (C18:2) , Mo b lgliig EuBil =il 85% LA b, FLUOUREIHAIR
(C16:0) FIREARIR (C18:00 , 1EA—FhRRRIck, B AR R IR & B AR
SLH L AEARTH . A AT A R AR T R e 001031, N RRER AT AR AR — MR IR B A
k. BKO FAMIFNER & B KT 85%, WAIRITR (SFA) &&/NT 15%.
CP P By BKO AN R 7R &5 & e ey AI 8 89%. SE $2HXH) BKO HHAZAETR
A TR (SFA) FEEZERET CP (p<0.05) . HEAEZENZ, CP R
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BKO iV yHEE Al 2 N FIAE i E (PUFA) &R m T HAL T (p<0.05) .
X5 Luzai¢Z5 148 50 CP 50 R] H 2k 45 R — 3. #esh, ERIERR . KRt
B2 SRR A AIRIDIER (SFAD J5T, JUMHRECTVEZ 8] (1 22 AR BN . 25
ERnA, FTRAERR], AFSRETT AR ER A R AN K . PRk 2P
FSFRERELT N B BKO HH R il HEAT 0 AT

19
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*® 2-1 AFEREUTT %K) BKO R Al id S AL 1

Table 2-2 Acid value and peroxide value of BKO extracted by different methods

&5 CP SE UAE SEP AE SFE
B4/ (mg KOH/g) 0.41+0.03¢ 0.510.02° 0.460.02b¢ 0.49+0.03b 0.59+0.04° 0.39+0.01¢
A AAE (meq Oa/kg) 4.14£0.06¢ 5.84+0.09 5.81+0.12° 4.93+0.11° 3.97+0.05¢ 4.66+0.07¢
# 2-2 ANFEIRBH %K BKO BB 4L (%, wt)
Table 2-2 BKO fatty acid composition (%, wt) of the different extraction methods
g CP SE UAE SEP AE SFE
C12:0 TR (HEERD 0.01+0.01* 0.01+0.00° - - 0.01+0.01% -
Cl14:0 TR (SRR 0.03+0.00° 0.04+0.00° 0.04+0.00° 0.04+0.00° 0.05+0.00° 0.04+0.00°
Cl15:0 T TkE R 0.01+0.00° 0.010.00° 0.010.00° 0.01+0.00° 0.010.00° 0.010.00°
Cl16:0 FEAER 8.43+0.01° 10.05+0.19* 9.80+0.02° 10.40+0.01° 10.11£0.20° 10.35+0.482
Cl16:1 FRME IR (FEREMTER)  0.97+0.01° 0.73+0.07° 0.67+0.00° 0.91+0.07° 0.73+0.07° 0.91+0.07°
C17:0 bk 0.030.00° 0.04+0.00° 0.04+0.00° 0.02+0.00¢ 0.04+0.00° 0.02+0.01¢
Cl18:0 fill T2 2.63+0.02¢ 3.59+0.01° 3.55+0.00¢ 3.58+0.02%¢ 3.61+0.02° 3.75+0.01*
C18:1 i 47.62+0.42b¢ 47.18+0.45b 47.67+0.03%® 46.94+0.13¢ 47.24+0.39e 47.92+0.02°
C18:2 IR 39.51+0.11° 37.09+0.17¢ 36.99+0.01° 37.86+0.01° 37.01£0.11¢ 37.19+0.03¢
C18:3n-6 D4Rz 0.010.00° 0.010.00° 0.010.00° 0.010.00° 0.010.00° 0.010.00°
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gk 2-2

C18:3 n-3 o- P FRER 0.15+0.00° 0.11+0.00° 0.11+0.00° 0.1120.00° 0.15+0.00° 0.11+0.00°
C20:1 R (AEAEMTER)  0.24+0.01° 0.28+0.01° 0.29+0.00° 0.28+0.00° 0.28+0.02° 0.23+0.00°
C22:1 Pin 3 0.03+0.00° 0.03+0.00° 0.03+0.00° 0.03+0.00° 0.03+0.00° 0.03+0.00°
YSFA L O T PR 11.14+0.03¢ 13.74+0.20% 13.44+0.02° 14.05+0.03% 13.81+0.21%® 14.18+0.49
YMUFA BN T U TR 48.72+0.41® 48.22+0.52° 48.66+0.03% 48.16+0.06° 48.28+0.47° 49.09+0.09°
SPUFA 2 AL i 7 R 40.94+0.12° 38.02+0.19° 37.91+0.01° 37.98+0.11° 37.96+0.12% 37.35+0.03¢
e AR UCFY £AsdEE (SD) Ron. FATMHREIN B RBERORZRA RS, ARTFEEREREE (p<0.05) , -LRAREWE, TFE.
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[ ]c16:0 (%)
[ZAc18:0 (%)
DT c18:1 (%)
I C18:2 (%)
[ YSFA(%)
B Y MUFACH)
B > PUFA(%)
50 - b .
abc to

\’? a

< 40 4

i

4

= 5

am

fs==g

—_
e}
1

ST i%

B 2-4 AIE 5 EFTHE B BKO I FE R & & (%, wt)

Figure 2-4 Partial fatty acid content (%, wt) of BKO with different methods
2.4.4 FEIFHERBEE BKO PRI SRR
24.4.1 HEERE

AANFSR BT VARG B BKO BUFEY I BE & B Wk 2-3 s, ANERIUTE

31 BKO ") S & B AR R 25 . AFJTEFTHE BKO 6 8BS N
384.67~597.14 mg/100 g. ., CP P BKO Wi HilE &5 &k &, N 597.14
mg/100 g; HIXRZ SFE. AE. SE #2H{, 4 384.67~507.58 mg/100 g; . UAE Al
SEP $EHUT) 8 B & 82 L SE . XKW, UAE Al SEP 1] LU Rtk 2 i = 4 i
RAP10S), AR $RELI $ 24 5 UAE M1 SEP IS5 5RARY, L BEEZER . ki,
BKO A E B S B AB-1 S5 S RIS (S . B-7 S B2 BKO HhiF
B EY S, K2R EERS), M 284.66 mg/100 g~453.83 mg/100
go —UERFFLRD], BT A SR, - SR, B BRI I B AR
HEAREEEACEER, A BT 4EFR O g g ios107, SR 2-3 AT LLE HE, BKO3
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&L S S AT BKOLABAFE R R Z , BKO2 15 S B 5 f 44 & T BKO3.
BKO4, % BKOS5. RNFAGFIFEHZEA BKO FREMEFENSBEGEEREES,
WA ZAR T 10 AR 58 T AR P BRSO R e 4 B B UM . 5 LA i AR L
BKO A4 #5 B AT AR v AN A5 Al 0108 100, (i 881 87 FF S BUFF R B R P00,
2.4.42 £ Hp

LE®, MHCAGERE, TRAETEDM T, 2EEEgEER, AR
I AEYIEYE . A B L2 i Rt S R E N USRI R 3G 2R, IR TRy
O PRI, 3R 2-3 FTLLE |, BKO HAE B E A &N 632.09~1227.62 nug/100
g, 6 HE A PRI I ) T ANFE S B A E 8. A1 5 Ha-2E BB (530.96~1080.31
ng/100 g) « B-EHE (36.51~81.65 ng/100 g) + y-EEF (1.10~2.27 ug/100 g) 1
WS- E W (0~0.05 pg/100 g k. AT, a-EEMNFEMRT, HEEHE
T AR A B WY . ASRISEEC T VE R AR E W 2 052 0 5 6 R £ 1) s
FHL. R, CP Al AE 2 U4 BBy & EAH R, 43008 1227.62 pg/100 g 1
944.48 ug/100 g. CP /REIMEFE(L, HEAXRIHKENAEER S &, X 5Curko
AUV H P 28 K E 285 SR AR BL - AR IR 2% AR A AR SR U e S A B )
1M SFE #1 SE #£H BKO H4E § My & EAEXT /> . UAE #1 SEP $#2HU/¥] BKO 4 F
My i) 2 B2 A T SE $REG, U AR TR B R A 7 e R AR R 2K PR
BRSNS £ BB IR BCE B 20, T SEP $2HUH BKO HAE B 14 = BK T
UAE $2H, AIRErEVR TR mBd # s, BB CRRA R o-FB-E B 1
PSR FAR A ) R, AEAR G RE b R F AR R iR B2 A R T 03 A T R4
5K o H DLREAII 1) AE B TG A AR I AN 2 IR ZE I IR A R, 4350 159 mg/100
g 1241 mg/100 g, RGP AEEM ST EWRE, KBEE &=
82.69~126.20 mg/100 g5, ATLAF H, SHEEYMAHEL, BKO HHAEEH &=
AR, A TEAKE, XA RE S 028 K& LR AT 5 . [ERERE M
&, MIMERZAAE A= SR L RO R 3, 7 SRR SRR T TH B A TS AT AL
R, RKFEE T M2 R B, (R AR B & i i E A « BKO
HR A B I 2R BN BKO HE R VE R B 2B G S MR .
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% 2-3 AFEJTEFREBUY BKO S EE. A B S B4R (%, wt)

Table 2-3 Composition of the sterol and tocopherol content (%, wt) of BKO extracted by different methods

WEYITR CP SE UAE SEP AE SFE
HEE MR (mg/100 g) 597.14+19.10° 384.67+1.98¢ 456.59+18.55° 420.27+4.18¢ 432.90+16.83¢d 507.58+7.27°

B-74 % (mg/100 g) 453.83+13.13¢ 284.66+9.72¢ 342.44+12.15¢ 319.41+10.79° 333.33+11.76°

FHEE (mg/100 g) 101.51+2.10° 69.24+1.55¢ 82.19+1.94° 71.45+1.73¢ 64.94+1.93¢

SR (mg/100 g) 29.86+0.17° 26.93+0.12° 22.83+0.16¢ 25.22+40.14° 25.97+0.77¢
BB E (ug/100 g) 1227.62+26.75¢ 632.09+18.38¢ 791.21+57.58° 735.79+11.05¢ 944 48+66.31°

- HM (ng/100 g) 1080.31423.54° 530.96+15.444 680.44+49.52¢ 647.50+9.72° 840.59+59.02°
B-LEE (ng/100 g) 75.62+1.65° 74.33+2.16° 81.65+5.94 58.27+0.88° 58.84+4.13°
y-AEEH (ug/100 g) 2.27+0.052 1.49+0.04¢ 1.63+0.12%¢ 1.75+0.03° 1.77+0.12b
SAEB (ug/100 g) 0.05+0.00° - - - 0.02+0.00°

395.91+11.28°

71.06+1.72°¢

30.45+0.172

802.34+32.73¢

730.13+29.78°

36.51+1.49¢

1.10+0.044

0.01+0.00*
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2.4.5 A[EFZEREA BKO BY DPPH 4H A,

N 2-5 ME& 2-4 Pios, B4 EIRNFREUTE T BKO CBLFERME. AR4)%
PEFIASHD PLEALRE JIRIVEN A I AN, BEFE T HUA b RE 1 5 A id e sy (fE
PIEEE . AL BB ZIAFARCHE, FFNE 1A FH 7 2 6] [ Je /R AR O¢ R 8. L
8 W3 2-5.

fE 6 FR B vEH, BKO HIMR % &8 70 %F DPPH H H % 1 ¥ i BE 11 73 3 £
116.55~294.08 umol TE/100 g Jh 2 i) . BKO1 F1 BKOG6 [ P4 & B4 B A5 55 i 1
DPPH H HI#:IEFRAE /1. BKO BRI 45635 2-5 A0 278, BKOL.
BKOG6 F1 BKOS H1 4= & By A £ B 554 AR WDV 1 e 20 (0 2 e, TR gkt
SEAGRE g0, — e 5 R B, R BT RE T S AR R L (S A G
(7.108T - A R A I AR B 20 AR EE . BKO B B i T AL RE 18,

6 FhEREL 727 BKO HIAEARPERE 43 % DPPH H L (i M AE F1 T 5.99~8.67
umol TE/100 g i1 Z 18]« AE K 14 40 43 1) DPPH H HH & I B & 77 (1 42 BUR 7 M
CP>AE>SFE>UAE>SEP>SE. [, BKO1 #&H AR 454 b | AL se it KT
HAh vk, MK 2-5 ATLAE H, BKO HAERR LA 5 1) B G BR e 71 S5 S
A EW S B RE BN 0.651 A1 0.642, Wi 2 [BAFLE 3 1 IEAOE 5 &

(p<0.01) o PRI AT LAHE A4 58 IR A2 7 T 7 9 AR i Sl A B e ek v e A 38 (1
e

ANEFREL T VL A 2 B 5F DPPH H HH 2 1975 FR B /1 7E 47.25~86.61 pmol
TE/100 g 2 [A]. 6 > BKO FF fi ) 238 7 i a Ak 58 1 S AR 0 AH IF] o B
¥ BKO1, BKOS5 1 BKO6 M A4l 20 7 B = i) DPPH [ HI 25 FR e
Bl 2-5 K0, uliibradbre 1R TSRSy . FTBAE H, BKO BRI/ £
DPPH Z2 ZBa/ Fidk & it B TE R B AR A . iX 5 DPPH Bt AL v 77 12
— 3, SRMEVESTEALAIFERR I S R 5 B SR BT AL AR I8 BKO 4y Al
FERR M 2H S B BT A BE I AN I K . RS R, (ES TR R AR
{25 RSO0, 40 EATIA, BKO & & PUFA, FIREZ G # AL, IO BKO
FRIHT A BE 0 B T4 i S A AR e 1T
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BKOHEF/ HDPPHA B BEMFEEEN (pmol TE / 100g)
/| BKO2ili&E5 HDPPH A h EMEEEE#N (pmel TE / 100g)
BKOIFEIEFHH #DPPH A B EMBMREEN (umol TE / 100g)

AE 4

50 100 150 200 250 300
DPPH H H1%£iE [ 8E 77(umol TE / 100g )

2-5 6 Tl 7 552 BUI) BKO MR 70 Al #2r « AEMR IR #8 20 XF DPPH B H 2 175
B fE
Figure 2-5 Capacity of DPPH radical removal by BKO polar, whole oil, and nonpolar parts extracted

by six methods
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F 2-4 AN TR FTIREL BKO ) DPPH H B L% B2 68 77 (umol TE/100 g ¥ )

Table 2-4 DPPH radical scavenging capacity of red bayberry kernel oil extracted by different methods (umol TE / 100g oil)

DPPH H HI&E:E R AE ) CP SE UAE SEP AE SFE

B 7y 294.08+2.08* 116.55+3.52¢ 138.79+2.01¢ 140.44+1.099 170.66+2.19¢ 213.33+2.56"
AR LR 53 8.67+1.38° 5.99+0.75° 7.35+0.86% 6.710.98® 7.910.77% 7.74+0.66

iy 86.61+1.57° 47.2542.14¢ 66.57+1.41¢ 56.07+2.514 72.78+1.66° 71.82+1.92b

* 2-5 BKO TR RE J1 5 A Wik v e 73 & B 22 18] 1 Bz 7R 38 A 5% 28 B

Table 2-5 Pearson correlation coefficients between antioxidant capacity of BKO and content of bioactive components

Y (mg/100 g) AEHB (ug/100 g)
WAt 5 DPPH H FHESHFREE /) (umol TE/100 g i) 0.953** 0.882%*
=i 5> DPPH H H2EIEFREE Y] (umol TE/100 g ) 0.878%* 0.900**
e EE 5> DPPH H HH2£iERREE /) (umol TE/100 g 1) 0.651%* 0.642%*

T SR AHRMEAERAE p<0.01 /KF B REMNE R
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2.4.6 AEIZEBA A% BKO B HS-GC-IMS 234
2.4.6.1 18T HS-GC-IMS #& ML HBH I ED

BKO {EA—Fogi A i, X H XUk I T AR 8> . VOCs 1A F I 3
TEDTHRFE, JE IR T R ) A A B A AN S R AR AR 1), R — SO B R AR
b, HS-GC-IMS B ARE MM = T B ABEY i REE, FHOp) AT
e FE R MERBR S F8 S0, H T8 23 AN B Rt 20,

K F HS-GS-IMS X AN [H] 77 ¥A 19 3 i) BKO 8 R MRS T 1 0 #r. N3k 2-6
fiizn, 16 BKO H3tb% e 67 f VOCs. o CP vk 25 Ff, SE ¥ 11 #, UAE
75 13 B, SEP % 11 Ff, AE 7% 18 B, SFE % 26 i 1EWIE 2-6 (A) PR, #
ANIEIEARE TR RS VOCs. B— N SARE —Fh VOC. Bl I 52 R 1ZY)
SR : AORRIKRERIR, TORNKRERR, HEBIRRRIRERR.
BKO [J VOCs FZAFAET 100~600 s F{R B IS [ F1 1.0~1.6 ms FI¥EEFE I [A] o 8]
2-6 (B) JE/RH TYE NS CP 42U BKO H YMIT FE SR W5 F G
Y. GERFW, REPZEOTEFAERK BKO KIERMERMFEER . K, 7
CP $&HU BKO IR el , WSS A B0 (W 20 B R /b 2 i i B i, R
CP $EHU ) BKO eIl 2] VOCs i+ & H VOCs HIW EEBARX 8. CP Al A
TR M DR BR ORI AR 5 1 bk, ARAESRBUL R ke id 2 & Ssr . SE Tkt
AR A MU ISR BKO 1) VOCs KAV EH L, (B15 5 58 FE IS A R [H . UAE
A1 SEP A<HURI ) BKO 615 Bl I 7 2 ML EAE I AL, R B UAE #
SEP AHU 1) BKO A RIA% K L 43 (R BE 5 SE S L) BKO A LA BiTig i . CP.
AE 1 SFE ZHUH ) BKO 15 5 5= EE T SE $2HUH) BKO. [FIIN AT LAE H CP.
AE. SFE ZHUAEHUH K BKO S HE L[ VOCs. Hrt, £ AE Al SFE H1AZHY
¥ BKO I 2 1 HE R MR B E &, 3% 32 B DRk il 25 5 15 R S b A )
BRI AL AT AR e RI2Y, 5 kR, SFE F1 AE $25U BKO 7£
VOCs [HFh A5 & 7 TR I AN R R 2 5+
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* 2-6 A JTEATHEE BKO ) VOCs 41| 3%

Table 2-6 VOC:s list of BKO extracted by different methods

el am CAS 5 JikE TR REEEC RENES BRI /ms Y
mEs: 17

1 Benzenemethanol C100516 C7HsO 108.1 1031.6 618.159 1.16453 iRV

2 Benzenemethanol C100516 C7/HsO 108.1 1021.7 599.244 1.78951 Rk
3 2-Ethyl-1-hexanol C104767 CsHi30 130.2 1025.7 606.75 1.4105

4 3-(methylthio)-1-propanol C505102 C4H100S 106.2 988.5 537.395 1.08292

5 2-Hexanol C626937 CeH140 102.2 993.6 547.904 1.28193

6 1-Octen-3-o0l C3391864 CsHi60 128.2 9717.3 514.878 1.16006

7 (Z)-3-hexen-1-ol 928961 CesH120 100.2 891.6 371.401 1.22481

8 2-Methyl-3-furanthiol (28588741 CsHsOS 114.2 880.9 357.295 1.13758

9 3-Heptanol C589822 C7H160 116.2 886.2 364.184 1.32375

10 2-Hexanol C626937 CsH140 102.2 809.3 275.752 1.2804

11 3-Methyl-1-pentanol C589355 CeH140 102.2 810.4 276.797 1.31275 LRI
12 3-Methyl-1-pentanol C589355 CsH 140 102.2 819.8 286.412 1.61245 Rk
13 2-Hexen-1-ol C2305217 CesH120 100.2 855.4 325.804 1.52162

14 2,3-Butanediol C513859 C4H1002 90.1 757.9 228.091 1.36694

15 3-Methyl-3-buten-1-ol C763326 CsH100 86.1 742 214.861 1.44111

16 3-Methyl-2-butanol C598754 CsHi,O 88.1 720.3 198.022 1.23181
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Bk 2-6
17 2-Ethoxyethanol C110805 CsH1002 96.1 702.3 185.033 1.36491
FEk: 14
1 ethyl E-2-hexenoate C27829727 CsHi140: 142.2 1022.2 600.145 1.80963
2 Butyl butanoate C109217 CsHi602 144.2 1010.7 579.128 1.33112
3 Methyl 2-furoate C611132 CsHsOs 126.1 976.4 513.076 1.47758
4 ethyl 3-hydroxybutanoate C5405414 CsHi1203 132.2 949.1 462.336 1.17012
5 2-methylpropyl butanoate C539902 CsHi602 144.2 912.1 401.58 1.33758
6 Butyl 2-propenoate Cl141322 C7/H1202 128.2 899.6 382.882 1.26205
7 Butanoic acid, 2-methyl-, ethyl ester C7452791 C7H 1402 130.2 883.2 360.247 1.6429
8 1-Butanol, 2-methyl-, acetate C624419 C7H1102 130.2 885.7 363.528 1.73652
9 butanoic acid, 2-methyl ethyl ester C7452791 C7H102 130.2 823.6 290.383 1.233
10 Ethyl butanoate C105544 CeH1202 116.2 805.1 271.572 1.5607
11 Ethyl lactate C687478 CsH1003 118.1 796.7 263.421 1.14241
12 Butyl formate C592847 CsH1002 102.1 743.8 216.304 1.50817
13 Piperonal propylene glycol aceta C61683996 C11H1204 208.2 751.1 222317 1.26128
14 Methyl methacrylate C80626 CsHzO2 100.1 720.3 198.022 1.38726
M2 11
1 (E)-2-Heptenal C18829555 C/Hi,O 112.2 971.6 503.769 1.25398
2 3-(Methylmercapto)propionaldehyde (3268493 C4Hs0S 104.2 916.4 408.14 1.08545 gk
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Gk 2-6
3 3-(Methylmercapto)propionaldehyde C3268493 C4HsOS 104.2 917 409.124 1.39396 ZRAE
4 (Z)-4-heptenal C6728310 CHi0 112.2 904.5 390.098 1.14609 Bk
5 (Z)-4-heptenal C6728310 C-H;,0 112.2 900.3 383.866 1.62056 N
6 2-Methyl-2-pentenal 623369 CH100 98.1 818 284.531 1.1624 Bk
7 2-Methyl-2-pentenal 623369 CsHi00 98.1 803.8 270.318 1.4971 “RE
8 2-furaldehyde C98011 CsH,0, 96.1 842.3 310.656 1.0843
9 3-Methylbutanal C590863 CsH100 86.1 684.7 173.727 1.19219
10 2-methyl butanal C96173 CsH100 86.1 675.6 169.157 1.40454
11 Butanal C123728 C4Hs0 72.1 615.7 141.975 1.28465
B 10
1 1-Octen-3-one C4312996 CsH10 126.2 971.6 503.769 1.27298
2 3-Hepten-2-one C1119444 C7H1O 112.2 931.1 431.759 123013
3 1-(2-Furanyl)-ethanone C1192627 CsHs0> 110.1 928.5 427.494 1.44609
4 4,5-dihydro-3(2H)-thiophenone C1003049 C4Hs0S 102.2 919.7 413.389 1.42801
5 5-Methyl-3-heptanone C541855 CsHi60 1282 911.9 401.252 1.68652
6 3-Hexanone (589388 CeHi20 100.2 787.5 254.851 1.17044 LS
7 3-Hexanone 589388 CeH120 100.2 768.9 237.712 1.47261 —Rik
8 N-nitrosomethylethylamine 10595956 C3HsN>O 88.1 826.2 293.1 1.1089
9 4-Methyl-3-penten-2-one C141797 CeH100 98.1 805.1 271.572 1.45074
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Bk 2-6
10 2-butanone 3-hydroxy C513860 C4Hz02 88.1 723.9 200.668 1.3263
MEwek: 7
1 2-Ethyl-5-methylpyrazine C13360640 C7H1oN2 122.2 970.8 502.268 1.6587
2 2,5-Dimethyl pyrazine C123320 CsHsN> 108.1 929.7 429.462 1.11524 AR
3 2,5-Dimethylpyrazine C123320 CeHsNa 108.1 928.5 427.494 150567 —Efk
4 Hexanenitrile C628739 CsHiiIN 97.2 906.7 393.379 1.26418
5 Pyrrolidine C123751 CsHoN 71.1 696 180.703 1.27245
6 3-Butenenitrile C109751 C4HsN 67.1 604.5 137.405 1.24096
7 Pyridine C110861 CsHsN 79.1 769.4 238.193 1.24604
M2k: 5
1 2-Methyl-pentanoic acid C97610 CeH1202 116.2 927.1 425.198 1.58865
2 Allylacetic acid C591800 CsHsOo 100.1 911.9 401.252 1.43333
3 2-Methylpropanoic acid C79312 C4Hs0: 88.1 796 262.794 1.1656 Bk
4 2-Methylpropanoic acid C79312 C:Hs02 88.1 761.2 230.977 115968 — ik
5 3-methyl butanoic acid C503742 CsH100: 102.1 813.7 280.141 1.49279
HE: 3
1 -mircene C123353 CioHis 136.2 962.4 486.355 1.22267
2 a-Pinene C7785708 CioHis 136.2 927.7 426.182 1.29503
3 diethyl disulfide C110816 C4Hi0S2 122.2 936.9 441.272 1.28439
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Kl 2-6 HS-GC-IMS it |4
Figure 2-6 HS-GC-IMS spectrogram
e A TRLEIKCP AR 1.0 A LT (5 B 28 2 i (015 S5 P K R B8 10 o IR (1 A/ s AR
RMERMEAIAED) . B: LLYMILEAZLIE, AHARIGIE TR E YMIT (s 5%,
RAFISARE OB 1 2 5
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2.4.6.2 BKO By VOCs 54 [EliE

nk 2-6 FE 2-7 Fion, 1E 67 Fl VOCs HHAELHE 17 FIEESS, 14 Fhfig2k, 1
FPEESS, 7 FhALRSE, 10 FREEZE, 5 FPERSE, LUK 3 R e &Y. fEfeaEhE
I ZL AR LR bR IC H 6 AN X3, HE A X443 A a-b-c-d-e-f ARic, FHHER /%S
HUBKO H) VOCs K i T H e 7. IIX I a ATRAE H, 1XL VOCs K ELE
CP #EHLI¥) BKO i A A % 5, B4 2-Ethyl-1-hexanol. 5-Methyl-3-heptanone
Butanal. (Z)-4-heptenal 55, FE A SEER, MRMEE. 5HreEK LI
2 P A% = S 3 R O T P B s 1 3 SR T P22 R B B SR I
3-Methyl-1-pentanol, ¥ 47 7E T & HM K VOCs H. Xu Z5E01230 8 78 3 Hg kil
S E R XR BT . VOCs H & A I 38, 41 2-methyl butanal A
(E)-2-Heptenal, AR HIEA =Y. BKO AN iR & s, Rk Ar A
(I I f R U SR ) SR 11241290, AN IX ek b ¢ LA S d TRAR Y, TEA LA
FEHUTTVE TN 1) VOCs W JE AR AR, H o A5 45 Butyl formate. Ethyl lactate |
2,3-Butanediol 55, FEAEFEREEFEESS ., Baxt BKO A 0 UG = A4 B 25 52
AP T HBAR AT BIE). e X2 AE A2HU BKO 5 VOCs I B 55 ey i X 42K,
4 1-Octen-3-one. 5-Methyl-3-heptanone. 4-Methyl-3-penten-2-one 2 i35 XUtk
WA Z 50 BRI BRI TR (AL =4, FEHIOR AR A . Wik
FNFR YR, XL h A 3 [FI7E 3855 BKO A it (0 USRARAE J7 T & 4% 5% AR
£ £ X, SFE $2Hf¥) BKO 48 K MR or W i 2 T HoAth JUFR 7775, A335 2,5-Dimethyl
pyrazine. B-mircene. Benzenemethanol 2%, J A it i Jid 32 B H A% 1% SRR £
HEHE 1) UK o Zhang 45 11271281 89 7F S FF 3 A0 A SE X il b R ILZ RS
2,5-Dimethyl pyrazine [JJ¥ a3 22K T A BE A LR GBI IR, R4
TR SRR N R, B S N S A i i 2 — 0127, BKO
HERPHIIEE. B BARN S BEE, XERMEH TR E . &,
Wy AR W45 KR o k4, 7E BKO H485E H T ik AR 1) 2-methyl butanal, J
OB SRR, (EARMR R AR SO H AT AT AT, DR R K SR KU
(1291

FIRWFFE AT LIS, 38 CP. SFE. AE U BKO RHH 35 1Rk
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GV S5 EEY A FESEMmAREL, Blhn. dmZESFFF HS-GC-IMS L% 5E H 47
i VOGS, 35 MEFF RN 4 2 1 42 B vOCs!2], H AT I, BKO FHLH H AL
W5 WA SY, B O R & AR & A A

Thu Mar 28 20:01:27 CST 2024

s SRR s ] iz
Bl % MRS
sLasl o +] u23

s QL0 o O i oiod +] YH31

o e lx}- - b i z‘:gg

- - o +] YH41

| g3 - W s

: eivl +] YH51

: : W s

: : eioco o bR o8 & & o 3 e
; SARR - :m coAIBo0 OANLI o6 » o & +] 183

R R PREY IR T ERE YR~ Py PR F O E R EgRtPRYFE g I Match: Select 1i

R e e e R R D R L e

R 1 gg B gagé Rt Rt b EEEEE AT : i Egé ERegd &EEI

5 g ZEESE EE BG FEFEE I ey Ed8 o g 3 &§ 1“5?;‘ gES Y

fHegy fad e i %gégzgg P ggif R

sy~ 1 BE STEyESE g ESES ggﬁ PR e

s & 17 Bhef (si o ped o SNl P ik

s & TR & E = Eg gggg 8
2 g §¥ EE
: B W g 5

i =2

Kl 2-7 JNFRTT VLSRN BKO B4 80 &
Figure 2-7 Fingerprint spectra graph of six extraction methods of BKO

F: YMI1,YM12,YM13: BKO1; YM21,YM22,YM23: BKO2; YM31,YM32,YM33: BKO3;
YM41,YM42,YM43: BKO4; YM51,YM52,YM53: BKO5; YM61,YM62,YM63: BKOG6
2.4.6.3 BKO @it GC-IMS RIEh7SER S 24

N T BB AR R R UK BKO H VOCs 92 57, 18 3h 4 PCA fifF
A PCA B, 4 0 A AT LUIBEE PC AT (1 T R 38 VP AR A 2 ) PR A P A

Z 0, i 2-8 FiR, FEARZIEIEE BRRHUNES, KR RN

ZE5. AiREW], BKO1 5 BKO6 FF il Z [ PC1 Rty 5 A W W1 7 2 ia 3%
F W] CP M SFE %X BKO () VOCs i & Z 7 . 1EAPUEHRE BKO F i
H1, SE.UAE 5 SEP #2HU) BKO # i Z [ElVE4E PC1 A BOE R EE S, 9] VOCs
TEFPR EZERAK, HINFZAIAE S = EZER . BKOS #filH VOCs 2K 3L
CINER MU WA AR R Z AL FIR A E JERREUY BKO fA7E& Fh2E A
W2 5

GC-IMS I E R TR, XL VOCs AT LASRIX 73 A R 5 LR BT -
PRI, VOCs FIEHT FITEAN T g BKO JRUSK 57 f0 35 v FRI 3 (1t P8 0 47
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Principal Components
T

ooooo

2000.0 . .

il
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Kl 2-8 7N A7 i 5 B BKO 1 3 7y 7 i
Figure 2-8 PCA analysis of BKO
2.5 KRB
AT AR AT R JEORER A AN 18] 75 12543 BB BKO . T X AN Rl B 12
FiTf3 BKO M7= 2. IRMiRALA. W& PR LA A BT AT 2T A b, 4R
WY TIEE R SRR L ES . AR B, AT SR A
HS-GC-IMS A% BKO K IEA BT 1 0. 50 h.

(D G150 AR BT 50 R : FEVEVE (CP) « BHRIE IR EUE (SED.
B O EGE (UAE) | JRIBSBh QledeBtE (SEP) « JKE§E (AB) .
Hlln ft CO2 ZH% (SFE) o AFIT7 L BKO HIFF 3 IFEN1E 30.95%~49.49%,
BKO F i (0.39~0.59 mg KOH/g) Flid A b{A (3.97~5.84 meq Ox/kg) AKX,
BIFFAARE R I BOARHE . C16:0. C18:0. C18:1. C18:2 #J/2& BKO H I E ) flig
DI o

(2) AN[ETTIEFTH BKO B B 55N 384.67~597.14 mg/100 g. B-7 i
B 2 BKO Wi FE MEMEE. SAFmEEEN 632.09~1227.62 ng/100 g,
Sy Ho-2E BB (530.96~1080.31 pug/100 g) « B-EEE (36.51~81.65 ug/100 g) «
y-AEEB (1.10~2.27 ng/100 g) AES-AE B (0~0.05 ng/100 g>) Hik. 7E 6
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=
Py

P $2 B 5 v B, BKO ¥ A P 58 4> % DPPH H 2 (1938 B fg /1 36 B A
116.55~294.08 umol TE/100 g s JEAR 1562 %) DPPH H H 2 13 bR g 1T
5.99~8.67 umol TE/100 g i [A]; 12yl B Y% DPPH H H 2 ()75 bR e /1 7
47.25~86.61 pmol TE/100 g JH 2 [f] .

(3) 7F BKO F L% 58 i 67 Fl VOCs. Hr CP 2 25 1, SE 2 11 7, UAE
713 B, SEP ¥ 11 B, AE ¥ 18 Fh, SFE ¥ 26 Fi. 1X 67 Fl VOCs ' SLALFEEE
M. M. B BRAH R LAY . PCA AXHTRB, XL VOCs 1f LA RIX 40 A
VRSB, Bl EWFFt 78> % B SFE A1 AE ¥E7E4REL BKO A B R4 3.
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£ 3E TEFHERHAE BKO IEFRAF S

3.1 518

BKO R RE S, AR R 2 530 BKO 77 S IR B B 2 5+ o 10
TP T &, SR VR S FL R o 2E B0 O B () DGR R 3 o TR, TR N
¢ BKO (i 3 4L S o0 1 2 R s L B iy s, o 40 e FL 28 B A (i 0 4
FER S B E B

AFTERHEE 2 FAF O IA SR BKO B oA R, 38 5o v 2k i -
PURRAT RAT IS ] BT 3 (UPLC-QTOF-MS) 3 it ANRIS2HL 7 2 BKO AR BT 20 i) 22
5o HIM2%EAR BKO FE R RHERR T . AT B TERG T ARSI 2%
BKO fIR 2 B, I e o3 HE 2 T 0 A 2 IR 3R Ge vk 40 i bR, 4 BKO Hi)
PR BRREAT T VELNR VR B AT, HERR ST T LR R AL S RS AE o B FUIE
IRANRS T A FEHREUVER BKO 28B4 5 s L], il i e ke
R b TF R AL 1 U S (0 B0 FE it AN S BV HE e
32 MRIERE
3.2.1 LG

S JFE AT RER 2 2 B BTk 175 Fh 7 VA SR ELT BKO. 43712 BKO1, BKO2.
BKO3. BKO4. BKOS5 fll BKOG6.
3.2.2 SEHIK

OGS SEIRE. FIEE. AT BERE SIS B BB R T A R S
323 FWiRE

LC-MS/MS AR 385 5 1% 15¢ F AW T - 25 [H Waters A 7] s MIX-200 £
TR AT i 5 IR A R JTW-2017HR & 38 A R B Lo WL T 75
W LR S A PR A 7] ;. Q-Exactive Plus Jit 3 14 T 28 BR B A BR A 7 5
LC-30A 8 = S0 Gt U8 T H A By 24 7] KQS200E B A i e W T B LL &7
FHMRAHA,
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324 KWHE
3.2.4.1 #H&EHIE

FREL 0.01000+£0.00100 g FEAT C4w 51 2 mL B0E, K 1.0 mL iR B #
W CCHE: FHEE=1D AR S S O0EH . 752500 r/min EE T EEIRG
1 min. B E—3HFBE 10 pL (£ 0.1 mg) , AN 20 uL 10 uM K F5
BA TR 970 L JEE W, #% 1| min J5, 7F 4°CZ4F R 12000 r/min
B0 10 mine A5 HL 120 pL _BiEW, @it 022 wm AHLERILJE S, ¥ 2t
BEHL P BB A o, T LC-MS/MS 23 #1. 75> BKO SRR E, 15
FIFERER (QC FEM)
3.2.4.2 LC-MS R

i R R 5 B = RO B (UPLC) M BT (MS/MS) 4K
i #i% H Thermo Accucore™C30 #% (2.6 pm, 2.1 mmx100 mm) ; JiEIAH (J0
A 0.1%H AT 10 mmol/L HIREE) Bo7 . AMH: LMK (60/40, VIV) ; B
M. OISR (10/90, V/V) 3 RAIBREEGEMAR 7 EAT 704 ¥146 A/B N 80:
20 (V/V) , 2 min N 70:30 (V/V) , 4 min 4 40:60 (V/V) , 9 min A4 15:85
(V/V) , 14 min A 10:90 (V/V) , 15.5 min A4 5:95 (V/V) , 17.3 min A 5:9
5 (V/V) , 17.5 min 5 80:20 (V/V) , 20 min N 80:20 (V/V) ; FEKENO.
35 mL/min; AN 45°C; HEAEE N 2 ul.

Ui ATy WS B T, IREWE N 500°C, 1E B RN RS HLUE
5500V, fEFHA T A-4500 Vi B FURSAR 1 45 psi, AR 2 08 55 psi, R

i1 AR N 35 psis

3.2.4.3 R s b
MR A AS TN 52 ) AR BE ) 18] R B x5 Bt AT e b 1 S et i k47
RGN L BT AR AR 2R ARG A o JE I A A JR U o i v P AT R IS, T

CASEELAE IR A E VE 20 b e o AR s B U3 o = B DY AT Jo 4% 11 22 e o B 0 e X
(MRM) BEAT . £ MRM #5E2CT, PYZEAFE S0 H AP R aT A & 1 CRERE 1),
HEERHABAAR GBI T-H0; AR ek = N e i s e kAR
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fif, PR BT ARG, RIS E DA IR E R BT, R H AR RS
TFIFH, AT o B A0 AT (AR PR AN B A I o SRA AN TR AR (1 g o % s
Ja, I A B I e AT AR A, JREE G ARIEET E BT
3.2.4.4 Guitori

i Ffl Metware Cloud B4 PR J5 ) LC/MS ¥ k47 228 B 41t o047 . il R
EE ST REGIHT £ T (PCA) , B AR E B (VIP) >1
p<0.05 fiiidk H 2 25 22 K R i
3.3 ERE50H
3.3.1 BKO BE BRHIE 1 704
33.1.1 BBEFRESH

K H UPLC-QTOF-MS £ X BKO # dhifAT IE 7 51704, 45 3 41 BKO
1. 3 41 BKO2. 3 41 BKO3. 3 41 BKO4. 3 41 BKO5. 3 #1 BKOG6 1 3 41 QC #
e B 3-1 Box 1 QC FEMIIEE T (TIC) MEME. K 3-1 A, JrE/kE
UitE (FFA) . VEIMBENERR (LPAD . WWILBEIEREH W (LPG) . BE/EME 4 1% k%
(PE) . BRIt H M (PG) FIBEARMEALEE (PD 32 DAt E A UL i [M-H]
MEET. Wik 3-1 B, EIER BN, Hil =l (DG « Hil =k (TG
AR (MG) 25 EETE 7> T 8 7 [MANHT FIM+H] . A& i #E b,
i IR A VAR 9 QC KEAS, BEMHT 10 MREAHEA —> QC FEA . i3 %t ]
— QC FEARFEAT TG A0 HT, AT AP A SRS AR A P 782 o (i g ik
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B TIC ot 4R (540 paink o Sampbe 18 (MAKSEAZTTSn s 1_M) of MAES-4-27 508 IWVISODS_CI0128_V1 1_PTY 303407174 wil (Tare Sormy borien] Max 888 en

PffiiTEY P EEEREEREfREEEHTERTREE

i§i

K31 TICEEK
Figure 3-1 TIC overlap diagram
A A EN)AE TEATES: B: f£P)EE THEAXTES. JEHANLEE 7R ih 2=
B, RIVOR B ()R 30 35 — 50, RV X ) — R AN (R B TR R B, 155 R e P
Ifo NOMESFAE, PONIER 7.
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3.3.1.2 QC #AHEX M

X QC FEATEAT Bz /R IMAHRNE AT, QC FEAZ [A]FFIAH Rk (ki
1D, IR R R RS E Ry, B iR e, AR E TR L. Q
C FEAR AL WA 3-2 s A EoR REE 1, 1B SRR AE AR IR S 46
MRS EMERYF, BARESRTEEN, HEnliE.

QCO1 0.9984 0.9986 o
& &
2 1 /
2 - / QC02 0.9986
K4 R4 -8
4 e i
/ / QCo03 Lo
_ , B
T T T T T T T T T T
0 5 10 15 20 0 5 10 15 20

Kl 3-2 QC FEAAH %A% 73 #r
Figure 3-2 QC sample correlation analysis

e TR QC FEARLFR: fo N7 JT M Bt B QC AEAAH SV B s ], B AR AR 70
e BT, B A AR — MR B A BT TR R R QC AEAS R AH S R 8
3.3.1.3 BKO B REMMIFRIE

J1i G 435 K] PR SR AL A2 I 5 2B 23 9T e o B A e B AR PRV AL Rl o 2 —  BRA T ot
A =GR YE T AR R . B, GP BB R4S S E e T B 5 8 B 1R
R X BEERGE . EAETEEUN, RE A B IR & AR R R
T, X EGUE T DL SR i R T R S S O B AT S A A R E PR A T2 AR
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EETEATN, TG 7 5. . WWES TRAINGY, @I RBE ST 75
TR T InaY. A& P53 QTOF ik, ] DURSHHI ke i b ks
e oy &, IRl SEERE L, AT a R BT T, BK
O Pt L% 5 230 Fiflg IR, Wkl 3-3 Fiis, REAY N 6 MR 285 (GL. G
P. FA. SP M PR) 117 MK, GLs F 4 K. BHMEE (MG) . ik
Hulr (DG) « =@t (TG) MR H M =FEme2m i (DGTS) ; GP
s A 8 NIEE: WWIMLBEIEER (LPAD | IRIUBEARIEARSN (LPC) . ¥ Uik st H
M (LPG) \ A MBEIEMENLEE (LPD . BEEBEIRGL (PC) « BEARME LBEM% (PE).
BEfmE ol (PG)  MBEISMENLEE (PD ; FAH 1 MK W IEN# (FFA);
SPs 7 2 MEK: MAEENZ (Cer) FHEYIMARBENL (Cert) 5 SLA 1 MIEK:
PEERE (HexCer) F1PR [ 1 MIE: i Q (CoQ)

JI 5 (0 2H BB AR RE AR e, AN RIS (R ARTE R I R SR AN LU ] AR AE 22 5
A, g5 2H B 2 DR A 3 7 3Bl AR i R R AR [ T i A AR A o 3 43 A i
LA, RIAEAS LSS A 3 (¥ i S 8 B o5 B 2R R o S e g, my
PAASTH] T AREA b E R BR A 0 1 I o 18] 3-4 A-F JEIR T 8- A RE AR R 2K 41
D EZS AN

M FA

GP
PR
M sL
sp

Kl 3-3 #9 g A% A it b 1 B Jo 25 )
Figure 3-3 Lipid types in bayberry kernel oil
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BKO4 BKOS. BKOG

ig

EEIIIIIIIIIIIIIII H

Kl 3-4 A [E] J7 9 52 B M A% A il 9 I8 J5 . 2% 4H R BE TR 18
Figure 3-4 The composition of lipid subclasses of bayberry kernel oil extracted by different
methods

W FREEAAER MU, AP RN st 7R & Le ) 220 .
3.3.2 BKO ERHIEE
3.3.2.1 AEFHZEZEA BKO HiERSENEE N

I BT A PARE N IR B TR SR, WLUH T ERE . A8

MR = 2t (A3 31D

Hor Ay ZRFFIIAR I TRIAR, Ao B A BRIE A, C ARENARIKE, M
R AT

BKOI. BKO2. BKO3. BKO4. BKOS5. #il BKO6 H 4 5 [ A g i & &4
Wl 9 20005346.8432 . 14360108.3797 17640751.2624 . 17031959.3190 «
17768780.5372 F1 16150743.4373 nmol/mL . V.35 & JIg i & & B 5 1 o thin 3%

3-1 7R, TG (99.84597%-. 98.85154%- 99.68276%- 99.46513%-. 99.43327%#!
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99.64840%) fE BKO1-6 41+ 5t K, K& FFA. DG. PC. PI #il PE. BKO3
Hif - e (DG) & ®EAEMTA BKO FEAT St s, SR Nm R kIR
M EEN. DG AMUAT LMEFARIEE4EAE R (Wn AL Dy ERTKD FIR, i&ARE
oS B I RS B, AN R R R RS E . e Ah, FEEeE i i
DG & & H s AW ITER, 7T 6EA BT FRAGC 0 A0 5 o3 AR SROws 1) XU
(1331341 #E 7520 BKO H, Bl (PC. PLAI PE) WIS EBAEHEER, XK
ANFEFEELTT 2% BKO B s B3 o $RELCL 2. JERHRA AT AL B 26 A 3 T e
SHIXLER, PR A BTG BKO MRS g,  LARTHILE
FAME S ThRERFIE .
* 3-1 BKO1-6 & WREMRR S E A2 (%)

Table 3-1 Percentage (%) of total lipid content of each subclass in BKO1-6

f8ff (%) BKO1 BKO2 BKO3 BKO4 BKO5 BKO6
TG 99.84597 98.85154 99.68276 99.46513 99.43327 99.64840
DG 0.03182 0.04423 0.04927 0.03886 0.04788 0.04561
FFA 0.08646 0.18471 0.25877 0.22392 0.45016 0.47923
MG 0.00037 0.00088 0.00048 0.00046 0.00055 0.00050
LPC 0.00026 0.00052 0.00021 0.00033 0.00027 0.00026
PI 0.00915 0.01401 0.01121 0.01193 0.01021 0.01549
DGTS 0.00029 0.00051 0.00034 0.00041 0.00049 0.00034
LPA 0.00010 0.00020 0.00017 0.00016 0.00011 0.00016
LPG 0.00004 0.00006 0.00005 0.00005 0.00005 0.00005
PC 0.02015 0.02656 0.02564 0.02615 0.02250 0.02422
PG 0.00049 0.00068 0.00059 0.00052 0.00052 0.00069
Cer 0.00001 0.00003 0.00001 0.00001 0.00001 0.00001
Cert 0.00000 0.00002 0.00001 0.00001 0.00001 0.00001
CoQ 0.00012 0.00019 0.00008 0.00013 0.00014 0.00010
HexCer  0.00006 0.00007 0.00005 0.00004 0.00005 0.00007
LPI 0.00015 0.00021 0.00016 0.00016 0.00016 0.00019
PE 0.00456 0.00429 0.00507 0.00547 0.00456 0.00512

3.3.2.2 FEIFEEERY BKO B E st E s 4T
W 3-2 frow, WA R 2= BKO i E AR, -S89 3239.
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92~34765.23 ug/g 1 6243.85~39010.99 pg/g. KRB AGEfGER, 709 &H
1120.94~4215.78 pg/g A1 732.55~2632.87 pg/g. M4k, BT BKOI1 1 BKO3 4h,
BRI E] D> T RER, S LE 54.74~151.30 pg/g. /R4 BKO I FRER & &
BAR, ABIHAERAMAN G TR 10 E AR B, T RRER of LAFEAR N5 46N EP
A F1DHA, A B FIEbif R s . d—L 0 BR, BKO HHAIfE i
[ Al T s L, XK BKO EREWTRRAL R I 2 RE k. IR i iR
FRIRER 25 5 22 e P R R FLE RN (B S AR R e Ak, ik — Bt TS ik 1 Ak . {H
HERMZ, 75F BKO MBS IR & B2 . RSO RIRTTERT
A BARIUMAE, FEORRER S I HE TR & . 0, BRI i R A R (AR 4L
2= 2B S TR (AL AN B, XS BKO BSRIEATIN T 7 XTIk <. Rk,
e e, N RN FERIE BKO KRR G, LA s (e S - A T
BEREME . IX LR 5O N R AL BKO 76 & S AT B S (13 S o
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% 3.2 RIS BKO 1 8 R0 B Cuglg)

Table 3-2 Effects of different extraction methods on BKO free fatty acids (ug/g)

A i R BKO1 BKO2 BKO3 BKO4 BKO5 BKO6
FFA(10:0) 653.88+9.56° 595.47+3.314 597.83+£12.72¢ 711.42+12.96 488.76+18.25f 569.43+5.59¢
FFA(33:0) 585.05+17.76 342.03£3.61°¢ 407.61+8.92¢ 467.43+7.92° 467.74+12.47° 430.57+11.66¢
FFA(20:1) 60.47+4.32F 743.11+£2.86* 247.53+4.66¢ 181.36+4.68¢ 346.04+6.21°¢ 390.11+8.86°
FFA(18:1) 3239.92+60.32¢ 14133.86+47.68° 14081.03+12.89¢ 13677.35+20.02¢ 29618.77+5.52° 34765.23+66.48*
FFA(16:1) 50.64+0.62f 344.49+12.27* 74.11+0.68¢ 124.75+5.694 154.94+4.61°¢ 204.80+8.02°
FFA(36:0) 1701.08+21.342 1284.45+12.62F 1417.98+19.86¢ 1593.19+12.27° 1456.50+6.084 1473.5348.96¢
FFA(35:0) 1932.15+12.38? 1254.92+16.44¢ 1457.51+6.61¢ 1558.12+13.75° 1573.80+8.64° 1488.51+9.69¢
FFA(34:0) 835.79+12.88° 452.76+8.91F 587.94+10.80¢ 611.22+4.47° 591.40+8.26°¢ 544.46+11.71°
FFA(18:2) 6243.85+40.81°¢ 4803.15+66.81° 19318.18427.83¢ 17635.27+16.69¢ 37243.40+12.28° 39010.99+47.56*
FFA(29:0) 77.68+0.26° 88.09+0.62° 95.85+2.86% 86.67+0.77° 81.62+0.98¢ 72.43+1.71F
FFA(16:0) 1120.94+37.02f 1938.98+71.23¢ 2228.26+12.38° 1823.65+23.81¢ 3372.43+15.24° 4215.78+15.43*
FFA(18:0) 732.55+6.80f 2632.87+6.87* 1116.60+1.68¢ 826.65+11.08° 1339.20+42.21°¢ 1913.09+3.75°
FFA(28:0) 62.93+0.06* 57.58+0.50° 50.89+0.12¢ 48.70+0.76¢ 49.36+0.03¢ 55.44+0.89°
FFA(18:3) - 82.68+0.92° - 151.30+£2.35* 54.74+1.21¢ 58.44+0.90°

J58is 17296.95+108.32f 28754.43+271.46¢ 41681.32+118.28¢ 39497.09+89.82¢ 76838.71+142.86° 85192.81+172.232
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3.3.3 FEZERR BKO RIBERAZ HIB S TH It 04

B2 G T, FER B IR B R LGS BRI T, AR m 4B i 2 A
NI R 3 T SE PRI B, A T8 AR B R AE HEAT T 90 5 i 50350, oo,
PCA F3H & —Fh TG W B QRN (1 2 4ERE S 1 H 40 A 7RISl @it PCA 75 F
BKO F£ff (BKO1. BKO2. BKO3. BKO4. BKOS il BKO6) [{Iig 5 2H it
BEATHERE4E A, ATDUBE O B USEE] BKO1. BKO2. BKO3. BKO4. B
KOS5 #1 BKO6 X 75 Ff BKO Z 57 JZ K/ & 3-5 YiX 75 HH BKO 1 PCA 1371 Kl
P R AR 2 T R P S e R AL B 2 TR 22 57 o BB —F gy (PCL) FIEE = 3 iy

(PC2) M BTTIRFIE R 71.54%, XFHHIL 1 PCA 73T B, FEAN AR H2 IR

JREFR IS B AT LLIX 43 o NI eT LA A HLE R BKO A3
5> 2 PC2 saiik, 1 BKO1 #1 BKO2 fEFIA E /¥ s =5 B,
KR BRI (HCA) DUBRE % Fh A8 & 2 (8] R 56 F I L8 IR BT A 4 (¥ AR
PR, N 3-6 Fim. 48RRI, AR A TE ST ARG R B R4
o BEAN, SKEOCEEIS AR I K AL S AT T IR0, I BKO1-6 (54
WRARBLH A% Hd, BKOL & k2B RRIREHL S, Hik
7& BKO5. It4, BKO3 #il BKO4 o ith 5 BKO2 ML ### . BKO2. BKO3
A1 BKO4 H (¥ g A A 4 T et 458 e R E UK . 53— J7 1, BKOS il BKO6
AR Yiz = T BKO2-4, 3282 TR AR $ B 18 584 T R B R R )
HCA W45 15 PCA M E45 H—30.

BRI S, NHZAAFEIER A, K PCA A1 HCA A] F TR BIA R J5
AR BKO Al 2 5 .
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Figure 3-5 PCA of kernel oil extracted from bayberry by different methods
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Figure 3-6 HCA of bayberry kernel oil extracted by different methods
E: Az I RAE, Class AR — 405195 B: B AEMIRRREONAR LR, £
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e ZasiY

3.3.4 BKO HH B EZERIERIHIL
TEXTUR T, % IR TG 249 & e & 810 99%, X ] Agsm | —
AR FE AR % E . ST 6= X BKO BT, AW Attt
Rlk, T OPLS-DA %Y (¥ EE =3) 1531 s HEERGY, Vb
3 AN ) S R B AR 22 R R . [N &5 B AR B A0 AT A P {E/FDR (. (B
FEE =) REMGERA (FO HRE— Dk 2 R X T P Lo
HehRitE: IR R ZEX IR RIS 22 508 2 A5 DL Rl 0.5 A5 RLF, WA 2
FRE . EXBRIHT e R EANE, SERER BN, LR EERER
RARZEREHZN. LLBKO1 fE 82, # BKO2. BKO3. BKO4. BKOS.
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Figure 3-7 Difference multiple bar chart
7F: A: BKO2vs BKOIl; B: BKO3 vs BKOI; C: BKO4 vs BKOl; D: BKO5 vs BKO1; E

BKOG6 vs BKOT; WA £ 0] I 22 (5 KRR, 4 €0 I 52 A 00 Jo ) 22 A B R e R 4L 1o
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Figure 3-8 Differential lipid radar map

VE: A: BKO2vs BKO1; B: BKO3 vs BKO1; C: BKO4 vs BKO1; D: BKO5 vs BKO1; E
BKO6 vs BKO1;

S— =7

FH U 146 b 4 65 5 15 21 1) 22 57 B R 10 iR 26 2 B AT R A U — AR AL B 2 ) FA

WL HE & AR R, 45 RN 3-9 A-E.

AUt KT BKOL PRI & B 75 52 i T o+ 1L TG i
B, KA

He e

I T HUBET T 3 B0 i R B = B . AEASHIE T, e I 2 14

SPs - E & Cer Al Cert, ‘B4R B X5 1 )2 W) 35 B 2H Bl 43 (137, BKO2
HH) Cers Certs CoQ Fl LPC & & B % & T HE 4. BKO6 Hf] FFA & & &5,
HE BKOS. 4k, BKO3 H FFA & & W3 5T BKO2 f1 BKO4, iX—455n]

AE FH 76 7 8™ A B 2 A RO R ARSI A0 4 I % , 15 0 248 B oA sk I -5 9 701 0 422

51



LRUTRRE R 22 A S

f AR, AT i vk i (0 A B AR DU 30, BKO4 Hh GP & iie i, AL
% LPC. PE Ml PL. BiE2 M b 1 — KRR 0T, 76 & Fh e BT RE b R 44
AR, AR R E F . U4 E TR 7S 2 06 T A AT A SR
(1381, BKOS # DGTS & & FHAhJL4A. BT BKO3 4b, BKOS H[#) DG & &
W m T HE BKO H. XFY TR BA RN EITHERR . PR S Mg
(/R U, itk BKO HA B Mg rvE T fe 5 H & H KEH DG k. M2,
IR AL 5, BKOS Fl BKO6 fBh-F- 2 iR i 4 e i &0 e 3% . 2 R Geit 0 i
IR, AFEFREUNEN BKO 125 B . S Rskyl, XTI 7T 45 3 A
[F) i H 5 V2 % AL 1 5 M S T 11 DL

B
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K 3-9 Z 5l R KM (IRl it 7 K AED
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Figure 3-9 Differential lipid clustering heat map (according to lipid classification heat map)
7F: A: BKO2vs BKOI; B: BKO3 vs BKOI; C: BKO4 vs BKOl; D: BKO5 vs BKOI1; E:
BKOG6 vs BKO1; [ e BR, Wia oz g s B, ARSI R & Bt
JERRIMA RS ETHEANSGE (LeREaEE, SFERRKER) .

Bt R R E AR A 2 e iR B SR R E R R e S E SR
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JEIRZ AR &, dn& 3-10 Fras.

BKO2 vs BKO1 #1 BKO3 vs BKO1 FZH 3L R %= R AR A 1 4~ BKO3 vs
BKO1 A1 BKO4 vs BKO1 PIAH 3L A Z 5+ l5 it A 4 1~: BKO3 vs BKO1 1 BKO5
vs BKO1 BZH I L [A = 7 A8 A 6 4 BKO3 vs BKO1 fil BKO6 vs BKO1 Fi4H. [
HLFRZESEAFA 14 BKO4 vs BKO1 1 BKO5 vs BKO1 20 1) 34 [ 2 5 iR i A7
2 1~; BKO2 vs BKOI. BKO3 vs BKO1. BKO4 vs BKO1 #11 BKO5 vs BKO1 !l
BKOG6 vs BKOS HAMILFRZR IR 37 4. X 37 Ml 53 2 5l o
TF4rH08 31 B TG 3 Al FFA. 2 Flt MG. 1 Ff DG. X Sedd 41 1) 4H5 3k 1) 22 57 i it
DL 3 ) (4 22 53 i 5 431 T REAE XS T 75 BKO FIX 43 S AR SRAR B - i 6 o
LB EEAEH .

BKO2_vs_BKO1

BKO6_vs_BKO1

BKO5_vs_BKO1

BKO4_vs_BKO1

Kl 3-10 £ =R HRE
Figure 3-10 Differences in each group Wayne diagram
W B EARRIRA, EEHS N RRCRA 2 WG 25 A, WA EE
BT AR OB R 2 e T A 2
3.4 RENG
FEIX IR FL 4, R UPLC-QTOF-MS X #2 U f) BKO #E4T 4 [ fig i 41 2%
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3HT. 4% BKO1. BKO2. BKO3. BKO4. BKOS #1 BKO6 [/l /i 4 i3t 47
SEMERIE B 4. I8Id 2 0T o b DA R 3 2 R R O, 45 R 37 Fl
SeEZE R . REE AR RN AT AR R AR £, LAX 3 BKO [N
FREREUVE, LA E BRI & 5 AN . ASEF ST B T BKO RIR R4
J, WESE T ANRISREUVE RS R MR B A5 . AHIE T 45 R BT T i BKO )
LN, JAKRSE B F s A IS S, (it BKO IR AR .

(1) AL eV, A BKO Ffh IS 5E 230 MR 17 MK, €
BH13 %] BKO1. BKO2. BKO3. BKO4. BKOS5. il BKO6 H % 5E i & fig it
LB BN 20005346.8432. 14360108.3797. 17640751.2624. 17031959.3190.
17768780.5372 11 16150743.4373 nmol/mL. TG & &7E BKO £ 5 HL i K,
HIXRZ FFA. DG. PC. PIflPE,

(2) 1@ PCA M HCA K2 ugit 7, &I BKOL &H &+ & KRB
LAY, HE BKOS. Bh4h, BKO3 fil BKO4 &ox Hi5 BKO2 LS,
BKOS 1 BKO6 HIfR iz i T BKO2-4, HCA M 8245 5 5 PCA WEE45 R —5,

(3) XEEAFR AR K BKO LI I & 2 7 5, i i k3, Ha
37 PR EEZE SRR, X 37 M%0 B3 2% AR AR 0743 ik 31 F TG, 3
fft FFA. 2 M MG. 1 DG. X TAFEJ7ERI BKO B3 Z 3G %€, A
fE24 BKO st it bR ic 4, R AN RS2 BT V2% T BKO Jl i A2 46 1 22 5,
FAIT AR g 53 4L BKO PRGN DA% i B pPA
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£ 45 BRI CREHRNRENR MRS

4.1 5|8

MR s R R AR g, B A ANME. BT IR
5y RO BT IR R MR A P R B 2 AT T IR AT Cheng 25 AR L
BL, WA I 1 DR A A e, B & 2R E IR . T
FINT TR, MM IR AR A S T AT KRR . Cheng 2159
MR I BEEANEARSEET 90%, BlsZI Ml EARSEN
60.5%. SR, WHFA- il & A —FSEMBUERE T, WSS, BRE
BT L H ARV P 05 A5 17 L B P . R R IR £ 1 PRI D401, (LR,
AT AR ) R A SRR TE BRI T 2 S BhE, HE A, [
M, RS WAL 20 3o T TG b B I TR A% (RVRE R B e v PR R AL, AELRSE A 3T
TR REXT FL R A P22 — A, R MR A TR A (BKMD #EAT RGERT AT
BAFICAEE  XAMUA B TR TR, JE AT AT R D RE 5 o
BHR LB L1815 .

A9t B 1E RGP WM A T GG v 2 A P I S R R ST R AR, 9ER
FH V860 2 U 92 X M M A B TR 47 P 8 A B 538 X 8 55 F9 BKOML 3E4T
TN, ST A RS . EUERRLL . WAKYE R MO SR, RN T % BKM
R R, ELBOR FREOT SRR B, e e = R B MR, 38— 404
RN IR, IR MR A (R 0 T % B B R B i R S Bk 18 2,
I RS A () 4 VSR P e JEL A B AV 5 AT 0 7 P R 1 2 R 7 1)

42 MEME SR E
42.1 5k

A 2.2.1, WA AT bR W B 22 e mRatGR A IR A 7 .
422 UFE5RE

VD-6030GT B2 T4 T Lk A S AR A s TW-2017HR & 2 EH
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YR O YL R =R A AR A A . ASC1800 I £ /MG Al T I
WIS SRR R AR S-4800 A4 R ATHAH 7 A T HIL A s 756 A1
HRAT W36 BETHIE T R ARG IR A A 2695 B s RORUH (il Ul T3
Waters A 7] -
4.3 SERTFE
4.3.1 HEARRHIE

KIS 2 #NFHREUS % (CP. SE. UAE. SEP. AE. SFE) #il# BKO J5
IR, K BT B TR T = I H 15 ) BKM.
4.3.2 BKM 182K E

BROTPATIRE 6 iR, ARWF:

A 4 B 2B 5% 0/ — JRNERI TR (@) N i
s R (o) = I (o) (4D

433 EFCHIENNE
43.3.1 tRETERBIFIZ

FE R A A AR AER 10 mg, HFEEABERSE 10mL, 3k 1 mg/mL
AT FRME R IETR . B 1 mL /9 1 mg/mL )35 A E AW, H R4 )i Bk
A 20 pg/mL. 40 pg/mL. 50 pg/mL. 60 pg/mL. 100 pg/mL. 140 pg/mL 7
AT AR S T o AE IRV TR PN 0 R SR R BT R R R R
y=65.06x-177.86 (R?=0.9982) , un|l 4-1,

KE O

56



TR R A 18 5

9000
8000 y = 60.06x - 177.86
7000 R2=10.9982

6000 e
=s000
g 4000
3000 .
2000 .-

1000 -

o

ot

.

0 50 100 150
WEE (pg/mL)
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Figure 4-1 Standard curve of amygdalin

43.3.2 BKM FEBCERIEMNE

K- Mirzaeil'*fl Hosseinzadeh %5 A\ 42114 7732 (i A 78 55O MM 5 () BKM
R A A . B 1 g WURIRE S 2 E T 50 mL H#EJE R, BRI 10 mL
R, R 0 B4 28 R HE 10 h, 2RJ5 A 5000 rpm 2540 10 min, H{ 2 mL
ARSI 0.22 pm EPERS, AL 2 S RO F TR BRSO
4333 BKO HEFLCHEENE

2% Mirzaei 55 NIRJE, BSEE . AHHH BKO1 mL, 1A 3 mL 2
TK, IR 3 h G . SRE A 1 mL IE k%, FF7E 180 rpm N7/ EA
he SEEXMITVE, AT DUE AR B AR B R 25 . A 0.22 pm
FLAR R R i 25 v 2 mL K VR, JFEERE AR AR, BT ERE . SR A HPLC
M C18 A (250 mmx4.6 mm, 5.0 pm) 7055, MR 25°C, WAL
fE: /K=15:85(v:v), i N 0.8 mL/min, #EFEE 20 pL, SEAERTIE 0.22 pm K R
TR, KK 214 nm, SEIREE 3 K.
4.3.4 BKM RIFR 4012

KX EE NS T 1 IME s, & e BGEE AR, TN 1%MFF IR
W CERREE 1:15, wiv) 1E 90°C/Kiam izt 8 h, &Ef% 1 h #— IR, &
Ja BRI AR R T, BRI S ) BKM. #3H4% 5~ CP-BKM. SE-BKM.
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UAE-BKM. SEP-BKM. AE-BKM. SFE-BKM, f%#&EE{IHSE.
4.3.5 Bi&EfE BKM MERK D 57

SRR NI v, A L0 AN A MR By K T 25 5
BKM FEAERIR NEHE 7 R, BEKGPEIFERI . TN G 30
min, AEFESRNFE SR R ER T BE S R HE L0 AN G0N BKM 34T B
T
43.6 BiEE BKM FIREBRER ST

A GB5009.124-2016 At 771234 T AL, Al 264 40 - A E IR 57°C;
JRBFE 135°C; RAFTIERE CBYD pH St FEBEIL s A K B A 440~570
nm; P A2 AN AT AR B9 20 514 0.40 mL/min A1 0.35 mL/min; 2347 B 18] 3£ 59 min.
4.3.7 BiEfE BKM BIIR KI5 B A M 54 A3 E

2 Y S NS T IE IR I UME S, 5 AR R AT IRK B 2L 5 o R
2.0 g FEG T EOE I 30 mL Z/KIERE, 75 30°C/K 48+ /K 30 min,
T+ 4000 r/min B0 15min, {53 FIERERICERE . WOKFEETHE AT

WK Fe 4 = ”‘Zm;:‘l %100% (A 4-2)

Hh mo NAFIIRER R E R (@)« m NEOLENESE (g) « m NEDL
EREEREER (9 .

%% Huang 25 N[O J59%, BUBHE BKM, H B8 S HIR G, 54 % 10 nm
J, 1EAS R AT RS, g 10 kV.
4.3.8 BKM HJ HS-GC-IMS 73#fr

K HS-GC-IMS il =Fp4H 7575 T BKM F£ 5 H) VOCs. %42 1147]
ATETAR O NS T IR R B 5 2 g e Ja BIR RSN 20 mL T i,
£ 60°C N LA 500 rpm PR FEE FEE E 30 mine SRJ5, 7E 85°CHF A F it &t 2%
B T AE G (0.5 mLD) IS 3 1, A& 73 B2 A8 WAX (43 (15 mx53
mmx1 um) , RN 60°C, 1M & T IEHFGIERIZ R E )y 45°Cradim < UE A E
<, B9 2 mL/min, 2 min, 10 min F3A0%] 10 mL/min, 20 min P34 505 100
mL/min, 100 mL/min £&%F 20 min. 584 ELRFFAE 150 mL/min. %8 2.3.9
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FITIA 5 56 FF R ) VOCs BEAT 32 PERAE LA KRR B 73 34T
43.9 BERSHTIRIZ

SIS FTA A G E T 3 HPAT L5, B 4 M AL B T Design-Expert 13
A1 SPSS #ifth:. BEMERIE KT p<0.05 FnZEREE. ERMKLHIK M Origin
AT
44 BRE SR
4.4.1 FBRREF AR SRR

BT 5 RS IR A I i) T i, WORRIBUR JS R o & R R 20
HEFFAI AR 2 (44.25%~53.67%) RIVHEAFEZESR . WK 4-2 s, SCERgsiR
R, EMEIEMENIRE S, FOVEE T ZRER S, (HEPURIEECICERR ),
HAmRE, FEHRAmEEZ. R, @ISR CO M MZEAEEE —,
B F 48.09%. G FELESEHIS AR R B R B, B R AR R A
FLIEA HUETNE (46.97%) VRS B HLIE R B (46.80% ) F/K % (46.87%)
FITHR AT, A HLVA T BRSO ARG B0, (BN () A e e AP AE—E
19534 . IKEEIEA B T ORGSR B AR I B 7R sy, F BRI, B
Re iRk b i g i L ok, ENTE M RS- Uk b2 B BRI . P A B A DL RIVE
TR RAR, R 44.25%, (HHAR A i m . P L 75 i Bh S U2 4R B g4
HeH WSRO LR 1% 77708 i s IR R m s Rl iz s
G5 T MR BRI 45 2R BRI
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Figure 4-2 Yield of BKM by different methods (%, wt)
442 BRBEAENESCEHEESEMNEN
4.42.1 BKM 1 BKO #EB-HR=Z

W AN EVE £ TUE UK A R RO iR T A A, B, A S

[68.141,149,150) - RS IR 50 LAAS A JBe i 77 VA SRAS MM AR A K R Ikt . AR R R 4-1 1)
HHR SR, KA MIEE TSRS 8N 20.34 mg/g, ASF 7 IEHREUL)
BKO W5 A H & BN 64.83~92.83 ug/mL, A[Efifg 75131 BKM Hh 5 45
ZH S VG 26.12~33.58 mg/g. AR K E AT SRR T EULE, &
WA ) e AR R, RPN R . Ak, SRR 2 B A K R B
ARG, T PR A A T AR, AR G TR IR N KR E R R . R,
TR AT RO SRR I KU AL/ . TERE A, SR SEP VAHR L) BKM
A AT R, ZR TR AL B Y 1 U R TR AR N IR AL EE AR
RESS ML HEE A I R R B, T R PEAR MM IZ A R R B2 & & . UAE
AR BRI AR R T A AR, A R A TS &
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BAK. EAERRE, SFEEMRIMBARS, sl H SRR, riek
CO {E il A AR TR 1w A . SR, SR CP A 2R s
RS ERE, RWMGREES I P S H S BRI, &2E, X
ARSI 125843 1) BKO HH TS TR 123 B, AN 2 DO A A fd e i
B, W IUES RO BKO 2 e VEPPAG IR A 7 e, R oy e B
ANORAEE SR R BEE 1 36 . 0 BKM 5 A5 A & A B, AT
FEREE.
R 41 Mgz A s A A S B o S A

Table 4-1 Distribution rule of amygdalin content in kernel of bayberry

PtZA~ ORARED) sy i

20.34+1.46
FEHE (mg/g)
CP SE UAE SEP AE SFE
HEIZA 1SR (%) 30.95+0.17¢  46.71+0.72°  49.49+0.65*  45.64+0.49°  46.85+0.49%  48.33+0.57%

BKO h#EF{-HEE(ug/mL)  92.83+£3.23*  83.20£1.73  76.33+£3.59°  64.83+£0.55¢  78.78+0.82>¢  73.10+2.87¢
MM (%) 53.67+1.76°  46.97+0.40%  44.25+0.63°  46.8+1.05%  46.87+0.97%  48.09+0.99"

BKM F A - FH 48 (mg/g)  33.58+2.48'  31.30£0.71%  28.47+1.23%  26.12£1.49°  30.17+0.75®  29.00+1.08

4422 BRCHEECESENSEMRE

WRAE SRS R A S BB, 26K 4-3. 1R 4-1 R LIS
B, Btz B A A R R AU R R, ok e R A S OO
. XEREW, A ML T B AT A BRI SR A, T T
FrhrEARm IR o SR, ERER AR, RAVORM B BGE L FE A~
AT ARFA A, A RS BN R X B G ] e 5 U RE et A e
HVERIA R, AT REARAE v A R A K i ik, I S BOL & 8 B3 T .
I 5 3 HUNTEE o 5 A I SR DG [ T AT Rt b o A1 5 &, U RIS
BRI R AT T, w A H 2K T8 ) o AKBRARTE FLIE T BRI
RAE SR RE A S E T AR AR R, X A H BRI AN K.
4-3 AT LA, ARSI A R PR A e R . e, SEP
IR MEARZA™ T B A A B i 9 B3, RO IR T REAE IR UL R T 51 & 1
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BRI KA [N o o UAR W, R FEMRE R SEP VAR, (HE A
IR P AR A B S . AHEE R, CP VLR VR R AR o AR 2% A, R
FF U RON REFRE S FRe vk, SEOLRRMRRER. thit, HABRDU AR
B TR RIS R AR R, AT REXT S A AR e I . SR e %
FERESEP A T AN HIRE o i P] BE NI 27 A K R B, B
FETNE s 1o I A B 18]t W] B R o e

W T4 KR, o AT AE AL AT P IRE A AN AL S2 SR BT ¥ S A B 2% AT
IR 5o 5 A AR N AR a] UK A 2 AR, SR R
i, BRIRES AR ERAEE, SHESEEZN 0.5~3.5 mg/ke!52,
DRt — e R PR T Bt AR RR B IR A0 AR o D 17 A5 At i R R A B8 e PRI A
FIOME, FZAFRAEEAT B A 2, IXFEAMU BB A RS O H & &, IE
e A% AR 1) 22, N AR & Woin AR AR I 1 alATig iz

PR A ERE (%)
I b AT HROR (%)
s A RRIGE (%)

0.17
SFE4 68.58 I 31.25
0.18
AE- 69.53 ! 30.28
0.15
4 SEPA 60.11 [ 39.74
g 0.19
B UAE 61.95 | 37.87
0.19
SE4 72.29 I 27.52
) 0.14
CPA 88.62 [ 11.24
-~ T T T T /1

0 156 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 100
HAAH SRR (%)
Kl 43 Ruld b S CHESENTR
Figure 4-3 Migration of amygdalin content during oil extraction
4.4.3 BKM BIRR B R
AARGS DAAS R 7R3 L) BKM A JEARL, 705 E T 90°CITE IR /K, Xf
BKM #HT 8 h IR AL . MRHER 4-2 Frngs &, Bi#EE)5 1 BKM a1 1)
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R ICT RA A RRE G o X R IR & I F A A S B RRICR
A WE R, ot SFE M SEP VAR I H A7 i L BR AR - &1 I 5403 5 , BKM
A S RS 1.85~3.28 mg/g, AHILTFARBEALIEMFES, W EE
Ak 90%PA Lo Ak, CPIAWARIRR T ST & &, BARLRHMCR IS
— %, 4TS RE 2 D FLAE TR RA T PR - B, REAFRITTE R H
FRANIR], (B2 B # AL B 5, o A A 1) B ol P 1K, G R AR A8 vl A
SRR, il A 2EREOR . 28RN, B A R R ERACR N R
— S5 Rt RN [ s A B AR O A AT A A e FL S BT A
&I RORALHE, BKM i A 25 & 2 ] LA RRAG,  #E— PR
THEBENEE.

BKM &l i mii b B G, S A H S B BRI, A R 13
WHERE . X — B E LA I 2 e MRt 7R 2K, by —
BRI GIE T %M. BTk, KX BRI BKM 3H7TE 775 50

® 4-2 BLFEATS M BKM & &1 & &

P2

1

Table 4-2 The amygdalin content of BKM before and after detoxification

E/CHEE CP SE UAE SEP AE SFE

JRi# AT BKM (mg/g)  33.58+2.48  31.30+0.71a® 28.47+1.23% 26.12+£1.49°  30.17+0.75®  29.00+1.08"
M35 BKM (mg/g)  3.28+0.16*  2.49+0.11° 2.19+0.09¢ 1.85£0.08¢  2.60£0.07°  1.98+0.12<

BER (%) 90.23+0.27°  92.05+0.28%¢  92.32+0.15° 92.91+0.23%* 91.37+0.37¢  93.19+0.24°

444 PiEfE BKM WEFRRBRSH

4.4.4.1 BiEE BKM BEARR S 5

R4 4.3.5 HHIIE 7%, BKM HEA RS IIIE 45 R T8 4-3. IG5
A ULE AN RSB 0 IR R AR i o 0 2 B A T AR o R I A
WOEAS B, HBRE T2 B85 . BKM P EZ s AE A, Hf
SFE-BKM [ [ & & =ik 66.96%, 1 CP-BKM 1 & & & 5K, N 59.28%.
fEfHERM /2, CP-BKM HIRIT & S, X 3 22 PR SR U il g 2R e 52
LB M, SFE-BKM HJlalli & &HUE, Fit, #inFAEBUEE BKM 12 H
HTHEA BERHA.
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R 4-3 AR 7R AR B A b A I IR KA I 5 S B 2 AR R
Table 4-3 Basic components of defatted bayberry kernel meal extracted by different methods after

detoxification

isallEi=Enn CP-BKM SE-BKM UAE-BKM SEP-BKM AE-BKM SFE-BKM

TH (%) 9237+0.68°  92.52+£0.34°  92.99+£1.21°  89.21+1.19>  88.13+0.62"  93.16+0.35
BE (%) 59.28£0.05¢  59.98+0.11°  61.72+0.16"  60.92+0.82°  60.48+1.02>  66.96+0.66°
KAy (%) 10.89£0.02*  8.69+0.08¢ 7.82+0.04¢ 7.89+0.02 9.69+0.06° 9.33+0.08°
JEWT (%) 18.97£2.34*  8.31+0.66" 7.1140.19° 7.4740.05° 6.58+0.77" 3.9240.03¢

4 (%) 1.98+0.01¢ 2.66+0.04¢ 2.09+0.02¢ 3.124+0.03¢ 4.91+0.05% 4.5+0.07°

4.442 BiERE BKM RIS EBSER O

W 4.3.6 T oI5 7715, 25 G BKM 25 & B & 45 51 T34 4-4.
N[5t R 7 20t S R R e B AN RN R R0 o SFE VA1 SEP VAN BKM (12 5
MR, YIEET 60 /100 g, HARMK & ik m . AE-BKM %R &
BRUK, X455 R ok E S NSRS T BACKI B 0 o2 R L. 52
RS ESAEREFZNILFRIEHEXKR. HREENE, HETAEVIER
PREE, I TR R RO VA TR B S TR R BRI, RN AR
FER A TRy BKM BOSRITTVE, HAT T R B R AT 5
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Table 4-4 Amino acid composition of defatted bayberry kernel meal extracted by different

methods (g/100 g)

RHIRFI  CP-BKM SE-BKM UAE-BKM SEP-BKM AE-BKM SFE-BKM
REEIR 5.70+0.15% 5.00:£0.25¢ 5.31+0.18b¢ 5.67+0.02% 3.74+0.124 5.92+0.222
pilird 1.204+0.01° 1.48+0.06° 1.48+0.08° 1.37+0.09 1.2940.112 1.48+0.16
2 RIR 2.37+0.31% 2.4440.122 2.98+0.342 2.69+0.282 2.9940.132 2.86+0.16%
BRI 15.7943.14*  15.60+2.11*  16.28+1.18*  16.00+0.96*  13.87+2.12*  18.88+0.88"
HE®R 2.86+0.05° 2.92+0.42° 3.38+1.092 3.58+0.69" 2.07+0.012 2.90+0.64°
WA 2.10+0.13% 1.9240.42: 2.38+0.61® 2.08+0.03% 1.3740.21b 2.47+0.472
ot = R 0.20£0.01°¢  0.15+0.02¢ 0.2540.01° 0.36+0.02¢ 0.34+0.012 0.25+0.03"
R R 1.97+0.02b¢ 1.72+0.08¢ 2.37+0.27 2.84+0.228 1.98+0.12b¢ 1.92+0.31%¢
B 2.37+0.19%  2.5440.13° 2.2440.04 1.0440.02¢ 2.00+0.14¢ 3.0240.212
SR 1.67+0.23® 1.57+0.422 1.88+0.07° 2.01£0.012 1.29+0.11° 1.94+0.09°
SRR 3.10+0.87° 3.85+0.05®  4.20+£0.59®  3.98+0.16®  3.15+0.02% 4.79+0.48°
%R R 1.9240.03° 2.10+0.21° 3.47+0.34° 3.65+0.982 3.59+0.33% 2.7440.442
KNRR 1.53+0.034 2.28+0.02¢ 3.060.06° 3.64+0.032 3.60+0.05° 3.64+0.212
HER 1.36+0.02¢ 1.68+0.21%¢  1.70£0.16% 1.8440.11° 1.3940.03%¢  2.89+0.05°
PR IR 1.10£0.01¢ 0.98+0.02¢ 1.28+0.03¢ 1.62+0.02° 1.98+0.032 1.67+0.06°
IR 9.47+0.84° 9.34+1.02° 9.70+2.117 10.08+0.34*  10.02+0.27°  10.98+1.14%
HEMME  54.72+8.02° 55.56£5.56°  61.97+7.19°  62.45+3.98°  54.67+£3.81*°  68.37+5.55

4443 BiEfE BKM BRIk I8 o34

A T oin skl b, IR K i 0 R RO Bl TR T K
PEADVRE, T AR SS), ek, st im B R K SR BOL Bl L T 7 i (R AR
VAT A OR DA S B I R o R — SS9 AR R 4-5 e R, AN
iR $ HL BKM B9 K FEE (203.02%~280.57%) A %5, AE-BKM WK T
KN 280.57%, W m T HABSRE 7% . SFE-BKM WK TEECN 255.56%, X
T AE-BKM, H & T SE-BKM. UAE-BKM. SEP-BKM #i1 CP-BKM. HA&Tfj

=, SEP-BKM /K353 =T SE-BKM 1 UAE-BKM ., %45 5140 0] 4544
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PIOUE 25 R TR N TR T
F 4-5 ANFEJTEFRIT BKM WK 45 %1

Table 4-5 Water absorption index of BKM extracted by different methods

CP-BKM SE-BKM UAE-BKM  SEP-BKM  AE-BKM SFE-BKM

mo (FEFER, g 2.0567 2.0861 2.0739 2.0341 2.0249 2.0395
m (B0, 2 10.4361 10.7796 10.4965 10.5067 9.4112 10.1135
my CEER, g 14.7795 15.0149 14.9597 15.1840 15.0924 15.3255
oKFEE (%) 211.22 203.02 215.19 229.98 280.57 255.56

4444 BEfE BKM RIS 54

A & 20 S4800 A4l HLBE, XA FIFZEUIT VAR BKM £ 7000 £ T #4744
MEILTER, HEEEWKIEE M. K 44 (A A3, CP-BKM HIRMAER
el BAHIRMERZAE, A R IR AR A K E M R R E TR A
ANEFNESEMIS B F VA e R B @ AL A= B, ) FARALURH v i 2 i
B Ag0ssl, HE 4-4 (B) < (C) « (D) "4, PLE=F Mk i s R
A MmES T HAER T RIIE G, REIRAR, A —E MRk
SE-BKM [MIRTRLAHN 5] H e B8, A M BE CREFRLLF . R P AR AR BONGH, K
IR RIARN B, FLBREUDN, EoRH—E TR . UAE-BKM IIBURLIIREBCN
AHUN, RIMBARRE, AR Ae ML, FLBRIE 2, 4N AR &
AR I R HIURS, BRIMIR K P s A%, 1A 215.19% . 1fi SEP-BKM
FIRTRL R /NANSS), RTIARS RS, A0 BEn B3, NS BIEIK . BTR
PEIIVERT, WTRES WSR2 K EALBRAN I, 2o H I B2 (R K I P AR K P, 3
WK FEHCN 229.98% o 7K BEEA FH B VR T J5UREZH Mo A O 28, (Rt vt it
HE 4-4 (E) "JLUMELR], AE-BKM IR IAA(EVF Z UM, KPMBER
JFA MR E, SEUKIEEIAT] 280.57%, ©EE T SE-BKM. UAE-BKM Al
SEP-BKM.. X & (KA /K gk i il /K SR AN A RS B2 22 53, Kl I ARIDRE Hh 73
F7KAHHROSO), DR I AT e SR S5, HAR A ARk . k4, SFE-BKM [f)
WoKTEE 255.56%, HLHART % E A, H1E 4-4 (B) AR FPFAEE G R
TG, 7T Re I NI FLBR, H EL/KBRER /N, BRI K HE £ 2 LUK IR R AR,
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Figure 4-4 Scanning electron microscope diagram of bayberry kernel defatted meal
H: (A) CP-BKM M4 (B) SE-BKM MH#iH 4 & (C) UAE-BKM
g & (D) UAE-BKM M B K ; (E) AE-BKM KB (F)
SFE-BKM ] 43 4 HL 45 |81 .

4.4.5 BiEERY BKM BYXRRE 5 5317
T TN i B S5 B 7S AORE R ) B A B AN BRI 70 A, DAL B S s A AR /K 4
WA, B0t = RPN EE S () BKM #BEATH: T RBUWF 7. Tk B BFF A 20 51

67



TR R A 18 5

79 SFE-BKM. UAE-BKM A1 AE-BKM. #% T KKt HS-GC-IMS i = ks
FAFEAT UK B3 PRI 5T o
4.4.5.1 @it HS-GC-IMS &3l BKM #E . MBI E

2% 4-6 MK 4-5 A fior, 8 GC-IMS Kl T =Fh BKM 3% & 11 KUK &

gre JLEEH 35 B VOCs, HA s 8 Mgk, 6 PG, 4 FhEE3S. 4 FhEH
25, 4 PhitbEE . 3 PRS2 FhtknEs, 2 FhEESRAN 2 B S R RL S . Hi

CLRIRER S A TR S5 IR, BB rh 10 2 S XUBR 8 7 2 TR St I
FUEY. B 4-5B @Rt TIE NS SFE-BKM F G RS BH A .
ZEIRRI, AR AL PR T30 3 R T B R R R VA S I R SRR, AT
FHOAKZE 5. Hh AE-BKM 45 H i) VOCs 15 5 51 & 5 T SFE-BKM
UAE-BKM, HIREEHE R . AB-BKM Ff 5 INFE RIS FLEY (VOCs) 2
DU R AR, A5 T 2RI BRI, MDA R — SR e 1) 05 )R
WEy, XEA SRR B AR R B 7 E ST . AHEEZ T,

SFE-BKM #1 UAE-BKM F# it ] VOCs Fh 24y 8 —, T EAL P EIRIR AN — Lk
KA TEIBRNED b, BIRRIE REh= Z R, (HR R R A 2 I H B
AR E . SR, R B0 RUSRAN A T AR T R 2 i 224k, ik 5
RV A RIFE . WREE R A2 7 KBTI E
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# 4-6 =Fh LI EL BKM [ VOCs J& H.

Table 4-6 Three methods to extract VOCs list of BKM

e

F) Ew CAS 5 Jikes ¥R REHEE RERES  FEBRIE/ms 7Y
e
1 (Z)-3-Hexenyl acetate C3681718 CsH1402 142.2 1003.7 363.802 1.32618
3-Methylbutyl butanoate C106274 CoHi1302 158.2 1062.1 615.625 1.40926
Butyl lactate C138227 C7H1403 146.2 1011.9 391.819 1.26006
Hexyl acetate C142927 CsHi602 144.2 1019.2 418.41 1.39472
Isopentyl propanoate C105680 CsHi602 144.2 966.7 267.706 1.35626
Butyl propanoate C590012 C7H1402 130.2 910.9 169.856 1.28314
Ethyl-3-hydroxybutyrate C5405414 CeH1203 132.2 912.6 172.21 1.17389
2-Methylbutyl acetate C624419 C7H1402 130.2 876.4 130.178 1.27798
Limonene C138863 CioHis 1362 1026.7 447.595 1.28611 LR
Limonene C138863 CioHie 136.2 1026.5 446.609 1.67235 TRAE
1-Phellandrene C4221981 CioHie 136.2 1009.8 384.617 1.23493
Beta-pinene C127913 CioHie 136.2 980.7 299.857 1.22086
Alpha-phellandrene (99832 CioHis 136.2 1015.9 406.223 1.68715
(-)-Beta-pinene C18172673 CioHie 136.2 966.4 266.953 1.2167
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5k 4-6
1 (E)-2-Heptenal C18829555 C7H120 1122 9562 245.722 1.25301 LRI
2 (E)-2-Heptenal C18829555 C7H 20 1122 9417 218.277 1.24443 “RE
3 3-(Methylthio)propanal (3268493 C4H;s0S 1042 9114 170.528 1.39841
4 Heptanal C111717 C7H10 1142 8953 149.681 1.33218
B 4
1 5-Methyl-2-hepten-4-one C81925817 CsH140 1262 973.7 283.27 1.21981
2 2-Cyclohexen-1-one 930687 C6Hs0 96.1 923.3 188.014 1.10938 L
3 2-Cyclohexen-1-one 930687 CeHsO 96.1 925.7 191.713 1.41992 “RE
4 3-Methyl-2-cyclopentenone C2758181 CsHsO 96.1 968.9 272.414 1.40271
MEEEs: 4
1 2-Ethyl-5-methylpyrazine C15707230 C7H 10N> 1222 1000.7 354.148 1.17665
2 2-Ethyl-6-methylpyrazine C13925036 C7H 10N> 1222 9952 337.528 1.17966 LRI
3 2-Ethyl-6-methylpyrazine C13925036 C7H 10N> 1222 1003.6 363.742 1.63684 TR
4 2,3,5-Trimethylpyrazine C14667551 C7H10N2 122.2 1011.4 389.971 1.6223
BRI 3
1 Methyl ester-2-furancarboxylic acid C611132 CeHsO3 126.1 974.1 284.345 1.15353
2 5-Methyl-2-furanmethanol (3857258 CsHs02 112.1 969.7 274.295 1.26372 RN
3 5-Methyl-2-furanmethanol (3857258 C6Hs0, 112.1 969 272.75 1.55239 — Rk
MEnEs: 2
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Bk 4-6
1 3-Ethyl-pyridine C536787 C7HoN 107.2 969.8 274.373 1.11836 RN
2 3-Ethyl-pyridine C536787 C7HoN 107.2 956.1 245.514 1.51196 Rk
B -
1 Diethylene glycol dimethyl ether C111966 CeH1403 134.2 951.1 235.762 1.15583
2 Diethyl disulfide C110816 CsHi0S2 122.2 925.7 191.713 1.29519
Ttk
1 Phenol C108952 CsHesO 94.1 986.6 314.814 1.08419
2 1-Methyl-4-isopropylbenzene C99876 CioHia 134.2 1023.5 435.03 1.29724
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Figure 4-5 HS-GC-IMS spectrogram
e A TRLEIKCTASDR 1.0 AT B 20 2 W 6515 S IR SRS S 70 o Ik A/ s AR
RFEREAENAAEY) . B: UL SFE-BKM 1E ARSI, MH AR 2 SFE-BKM Hi1f

{5510, K13 SFE-BKM. UAE-BKM Fl AE-BKM =AM OB 1 22 5,
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4.4.5.2 BKM K VOCs 154 EliE

N2 4-6 A1 4-6 Fr~, SFE-BKM [f) H5 4E P KUk 32 240 & | 25 10
(E)-2-Heptenal. 2% 2-Cyclohexen-1-one. Mkl 5-Methyl-2-furanmethanol
o BRZSANA SRR T SRR 1) B A AN VR i R 1 8 f ks, FLUR B R W B v
TEESE, JEE 2 I AR 7 R R A R OST158 g D) 3= 25 ok B K A4 B A B i
FEWEAG SN AR R, 5 BT A o AR R T R, U R AR XU 1191600,
UAE-BKM FRAE T KUK 79 2 2-Ethyl-5-methylpyrazine, %46 & 4 B A &5 EH
ST HE R IR SRR, B A R A — PR R T 73 1 & SRS . AE-BKM [RFAE
YEXBR AR, B EEER . BRI GRS GY), Hrhaige Uk
BMEBAG, @ RARE . RAEMEFKI, AL, AE-BKM [R5 138
LEMAE T 2 MM A&, U Limonene . (E)-2-Heptenal
2-Ethyl-6-methylpyrazinedeng. SFE-BKM 5 UAE-BKM Lk, 23 H 5 NiEHT
B, EE PRSI R T o A B AR U BE AT RO > — LA R
HIE R AR R SR, G T AR PO A, P TRAL B R R R DR
MRS B — B S, AR sR & SIRAREE, R — LA R 1 SR B
SANREJESEEC BKO [ RER 7 R8N, T a2 5 s R SRR 8L, 84315
JRAEA . B AR MR R R0, DR IRAE AE AT SFE A 2EEL ) BKM 61 £
FERMEYRBFE . (B)-2-Heptenal, 1ENRIIERIIEANT=Y), AMUAE BKO H
e, tHYE AE-BKM TR Il. SFE-BKM Al UAE-BKM H13% 8l T Butyl
propanoate 1 3-Methylbutyl butanoate, {HZIKEHFrAFE, ME 4-6 nLIE H,
P A ) e RO VE T IR BEA G BUIK . s 9K 1, SFE-BKM Al UAE-BKM
[ RIR B TERR S B2 F IR R, FERIIERE FER, @l xei s
VIR EVE R, SRR R T BKM R i 1 AU RHE o

ML FIRAF T RIS H 458, UAE-BKM. SFE-BKM Al AE-BKM 7E KUtk | 5%
FUBCRRRE B RS AR $RBUEAM 2 BKM, JEILH T 55 M XUkAL
&9, TR R B2 BRI E R, B9 T BRI AR R I .
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Figure 4-6 Fingerprints spectra graph of BKM extracted by three methods
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AE-BKM3: JK A A2 A I R R -
4.4.5.3 BKM 1831 GC-IMS MIEIAEmR D 24

NT RS R FE IR 7% BKM H VOCs B2 ISR, R34S PCA
WK T PCA . Wi 4-7 iR, PCL Al PC2 [ RFATTHR R ILF] 96%, K
XA 3 7 REE 78 3 S BIAE A 22 [ (1 3 B2 72 e AR, 3k T A6 2kcA s 7 A (7] e
JIg 75 1% BKM 1 VOCs 4 520 . SFE A1 UAE $2HUH) BKM F i 7E PC1 4l
EEREBHA BB, = PC2 M E B R —EM B R . XE
B, SFE. UAE #1 AE $HUi¥) BKM ¥ i fE FZ R 2 E R BE X T,
A AR o AP — & E S . 455K 4-6, WLLEH, SFE Ml UAE 5
SFE #2 B H) BKM #f i 1 ZRBULAE XU AP S _E 22 72, 1 SFE 5 UAE $2 U BKM
S FERIUEIRE FIZ R, A, AE 2K BKM ¥ i 5 SFE #1 UAE 2
M PRI ity £ 5 S o R M b S I R 9 23 AT RFAE , 3X 7T e 5 AN IR B AR 77
% BKM H VOCs [k IR ELRE 116 K.

74



TR R A 18 5

BRI S, GC-IMS 1) PCA 3 #rk M, ARBiE %% BKM H VOCs K5
Wi 4 LA R VAL S WD R SR AR O 2 FE AR AL . J8Id PCA IIZRE 0 HT, W]
LB AN [FIJBE R 773568 BKM H VOCs B BISEIE, FEoit— D AR AL S T 242
fE 7 BRI .
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Figure 4-7 PCA analysis of GC-IMS
4.5 REING
ST BKM A A5 A4 R i A HOT B iAae , IR F IR I iR i 3 26F BKM
AT IR AT . 33t i B S B AL AR FR 7 VARG BKM HEAT oy i, #R0t
FIEAR R, WoKTEEL WO S5 DL S B R 1y (A Ak ol i FEBL S 4 U7 12
AR ER A, 0% 1 =P ORI G MR iy, 3E— 2D EAT UK 3 234
(1) AFREUTIER AR (53.67%~44.25%) RILH Z 7,
je 7 B By L e S B SR B I B & A LV R SR M7 V2 SEAYD RS, R M V2 IR L AL
SERURSCAR PR A0 e d e o ANF) T VAR IE) BKO Hs A1 5 5 64.83~92.83
ug/mL, BKM A3 58 myu ol 26.12~33.58 mg/g, Lid a4 5, BKM
RS S R RS 1.85~3.28 mg/g, ML TR EAAFMRES, IR
AL 90%LA .
(2) ANI[F 7 V060 ot R R B A 7 23 R 25 = A T AN IR s o R I S 4

WOEAS BB AE R, HB )5 T 25 BB .. BKM P EZ R AR A, CP
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PEHMOERZIR IR T & B . AN RSRIOT R EU L B 2 & A AN [F (5,
SFE A1 SEP A3 BKM MZE IR S B 5, YWIAE] T 60 g/100 go A[FEF77k
FEEL BKM MR KFEELAE 203.02%~280.57%, 45 G0 45 F 1 52 Ji5 & BHL SFE ¥2:+
UAE VAR AE VLS HURRF R 0T S0

(3) @i GC-IMS 73t %€ 35 Mg RYEANALEY) (VOCs) , TRk
AN A T A B0 XK E T . AN[AISEET 7% (AE. SFE. UAE) Xf BKM
(1) VOCs SR AR FE =42 1 R UM, ET 30 7 BKM USRI 22 57 o SRR UG
K FH AN [F) B S BT V5 e 8 3 25 R M Jd JI R P R A D 2H RSORIAR B2, DT S
HE LM NREE. fEX =F7ikd, AE #2BULFTE 21 BKM JEBLH &8
& XU
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E5E FEFRERE

51 FELHR

(D G150 AR BT 50 R : FEVEVE (CP) « BHRIE IR EUE (SED.
B O EGE (UAB) | JRIBSBh Qi BtE (SEP) « JKE§E (AB) .
G S COL ZEHUA(SFE) o ANF 5542 B BKO1-6 (13 R IFSIE 30.95%~49.49%;
BKO # 5 B4 A A (B I 77 S dn it & il AR ifE - C16:0. C18:0. C18:1, C18:2
& BKO P FZ R Ha IR . Fr #2 BN A i) BKO &L 8 B 25 & 384.67~597.14
mg/100 g, BKO H1 FZE R S BEAP-75 I . O SR Seuh 6507 . S A E B
TN 632.09~1227.62 ng/100 g, 73l Ha-AEEE (530.96~1080.31 ug/100 g) -
B-EEM (36.51~81.65 ug/100 g)  y-AFHM (1.10~2.27 pg/100 g>) FfgES-4E
Bl (0~0.05 ng/100 g) ZHpk. £ 6 MIEETTEH, BKO BB FEAR M F0 4 i
FEEC) N DPPH [ & 13 A AN R BE (i BRAE 7. Ih41, 7E BKO 3t 2E
67 ff VOCs, GLFERE. W, B B ARSI . R iR, Xk
JRUER AL G0 RT LR R X 43 AN 5] 7 VE S B BKO.

(2) K UPLC-QTOF-MS Xf AN [A$R BT VA 3RS #) BKO #E47 1 IR 5270
#ro 437% BKO1. BKO2. BKO3. BKO4. BKOS5 fl BKO6 )/ i 41 i3t 47 &
YEFIE BT B 2 G DL R 3 2 R R T I, 45 R4 E 37 ARt
A2 S e T o 2 AN [F R R o m] DL RV E I AE bR 54, BAIX 4 BKO 7S Fh
PEECTIE, AR E B A AN 5 2 470 B o AR 5T B T BKO BRI 4L AL,
UESE T AR VR i g B s . AW S A BT T BKO B TAL
B, AR E RO R A HIE S, (23 BKO FIREFIN A .

(3) 43#t BKM Hi AAZ IR e o S FOT B R, IR F IR I anile it 72
X BKM HEAT R A0 FE . R 85 BKM MIEA S . BIERR S« WK e 3.
DA AROU 48 K4 3 ) JEE s H A TR ) 22 5 o T8 I LS PR R 65 B R U TR R A R st
Jefi%k H SFE-BKM. UAE-BKM Al AE-BKM #f S #E47 KUKk A3 M o & R AR ]
FEIOTIEEXS BKM [ R YA N S PIRI M SERR B 74 T B 5o, i — 0
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e HRRERE . BT S, BESEAImE A2 B XRS5, Hp AE 34280
FRAS T Rt HERA e B0 e o 3 & A R R ALE
5.2 BlEhE

(1) RGHEF T /SMIRIUTVE, #8317 BKO s Shiatb i, I
SE 67 PRGNS, 9 JRIRJ3 B 0 it o 25 ) S (AR 3

(2) GIHrRH UPLC-QTOF-MS iR, HAIH 37 FhZ R G, EnAFR
W7 BKO AR BT RE R, e A o A $ A RR S

(3) RGHFIT 7 BKM [ iR i 2 A F VP LA 97 54, 8 BKM 1)
e B DOELM Y 35 7 PR IR A
53 RE

(1) REARFRCYENIE T SR, (HIRBUSER G RAAIE—E
gl . B, Rkr]DLE—BAGERILT 2, 3RI & EEAF KT Canii
JE VEFIREE . RIUNTAEE) EESE, AR BKO 45380 i BEs E .
Ak, @I R 2 AR T VR IR 5, O Tk Ak A PR A AT AT AR AL SR AR IR o
AWFFEEY], BKO H&E &2 MR, JuHE Cl6:0. C18:0. C18:1 #1 C18:2,
T IR 5 R P i R 25 3 0 5 00— 2D VA o AR SR BRI 7T AT AR I L g i BR 1E N\ A
P IR AR B A7 B L LR (R AR 2808, G LA O o ML R o 815 0 o A6
SETTHIMAER . [FIRF, ) AR R LR & B AUE G e i 7. iR R
7N, BKO "EAR-A HIBE . SIS i S SR, XL BA R I
Mg\ PR R AR AL . AR AT LAE— P PPAl X 28 B B A= B D e, JUH 2 EAT
FEPLR . PEWTT BRACIBERE ST R o BbAh, AHRR AR I L E
(ot s R ) S RE R B R, AT IS I BKO (B B

AT ISE I VERT BKO FIRIRAG G (VOCs) PRI & &= T
RO o AR A LARE— 28 R AU €3-S 5 BORSE S AU i T B AN
SEIOITIEAS B AR BEAT KR ZE 73 4 E B0 17 2R G0 ) IR R 1A MUK & 4 A i
im0 43 AR ARFAE B 35 IR BRI 1 96 R o S I 2 N7 XUMRFAE 34 /2, T LUK BKO
FRJ it o 428 SR 11 3 5 o7 B (AL BB AR

(2) j@id UPLC-QTOF-MS *f BKO (/g 4H 508, KL T 37 ke 2
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SR, IX B ] DAVE 9 R (0 AR 25 T T 0 o R ) A B B
AR AT PAE 2D B Ik 1X 48 22 55 iR Jo A HLARAR A0 it o ) 1, TRIR R AN R dh
JoR R A ) A 2 A R . BeAh, AR R4S I iR R AL BKO 1)
A7 2N v b R — B

(3) BKM HIE7 3l S R ORI 7T, 328 1 AR U % BKM
R RIS o AR T LAE— 25 F 72 B A R b H AR AR I A s Ve o), IR R
FEBL it 0 AN GRAE i U N o BEAb, X6 it iR AU gt — 2D e R 5 Q0% AT
RE AL B I ol AR (O BT R HiE B, 3R T LI E .

2, BKO WIHEHL T 20 B3y ARRRAIE DA K IR o3 20 2% 56 7 THI (R A 5
DN A R ACRT D BEAL R P B AL 1 5 53 10 B ANEEAR SRR o ARR BT FOHS 4k
BT BKO MBS R A DI REVE S B AT S OAR R, HEsh AR s PRi
il S HLAR T 2 N
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