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Abstract: The physicochemical properties, physical and oxidative stability of whole fruit oil body (WOB), peel oil body
(POB), and seed oil body (SOB) via water extraction were investigated in this study. The results showed that SOB had
significantly higher contents of total sugar (49.58+0.30 g/kg), protein (12.00%+0.37%), essential amino acids (41.99+
0.23 mg/100 g protein), and total amino acids (103.25+0.38 mg/100 g protein) than WOB and POB (P<0.05). In contrast,
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WOB exhibited the highest total phenol content (2.59+0.02 mg/g), compared with POB (P<0.05). POB had the highest lipid
content (92.88%+1.70%), and significantly higher than WOB and SOB (P<0.05). Additionally, the apparent viscosity of
three oil body emulsions decreased with the increase of shear rate and showed the shear-thinning behavior. At the same
shear rate, SOB had higher apparent viscosity, storage modulus (G'), and loss modulus (G") than WOB and POB. SOB also
had significantly lower particle size, lipid hydroperoxide (LPO), and thiobarbituric acid reactive substance (TBARS) values

than WOB and POB, whereas SOB exhibited higher absolute zeta-potential and interfacial protein adsorption rate than

WOB and POB (P<0.05). Principal component analysis confirmed that SOB had the highest comprehensive score.

Therefore, SOB extracted from Idesia polycarpa Maxim seed, demonstrated the superior physicochemical properties and

stability. The research would provide the essential technical support for the processing and utilization of Idesia polycarpa

Maxim oil body.
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JHAEAR(Oil body, OB), J&—FhI A7 AEF-F 4l i
I HEHERS, JIZAEAE TR ZRR . THERFF . I
FRFFFILEA: 365 Drim AR AE ) AT FEPN TR
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[ERall
Fl&(BCA %) maat by TR HoAth—
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FIE 4 °C N 20 h, ZRIGHERESR U, I AR
FEMLREFE 3 min, FH =2 20A033 08, 1545 20 4% LU A
THINA 20wt% FYLENE, FH NaOH A1 HCL #57R
P pH = 7, #£ 4 °C F . A 10000 r/min &5.0> 30 min,
B FRZLE, T 20wt% EEPES W, 34 pH &=
7,7E 4 °C . LA 10000 r/min &5.C> 30 min. MIINA
20wt% FEFEA WAL BRIT UG, — BB B0 2088, A
3 K, B Ja—IRPEEA TR 20wt% B HERHA O e
BT K ., BIEHECAL 10% Y OB FL#k, TE 90 °C
AT AT B KN 20 min, SR TS ED, 14D
J5 8 pH 2 7, LA 0.04% 37 (PC900) , Jit A
4 °C VKFER AR o WA RS R 4 °C U
14 d, BUEERFE] ) 0, 3. 7. 14 d. Hip el Rz
FhFHEHCH Sl 1Y) OB FF il 43 5l iy 44 Sk & SR T g 14
(Whole fruit oil body, WOB) . & fiz il iIE 1K (Peel oil
body, POB) . F F i1 5 14 ( Seed oil body, SOB) .
OB F AT, S, Bl &3R5 6 e 75 206
RSB TR T HRE, BAR Ny FRESTE-80 °C R AT
48 h THRALEE, SR 5 FH L 25 UR TR ML TR T,
A ARE S B AR TS o

1.2.2 JFURbCRESR | SR L BT 18 3 A Bl o3 s
1.2.2.1 JFAFOKEREIE  SRAH GB 5009.3-
2016 H TR,

1.2.2.2 JEA A BT & i e
2016 HYER CHhERIES,

1.2.2.3  JEA AR 435 i i I e
2016 5 JFAsL K 31,

1.2.2.4 JsoRb B A SRl AR S B
S R0

1.2.3 OB YA IS

1.2.3.1 OBHIZE B E RIS Ding Y 1y )5
o HURTIS M OB 43R 4% 11T ot St iR 4
(SDS) (w/v) #E W, P& % i€ 1 min, 76 4 C,
12000 r/min £5/F F B5.0> 40 min, W4 F3EFEW, #H
BCA 2% OB R,

1.2.3.2 OB 5 &EMIE R GB 5009.6-2016
Hh R CGHR R

1.2.3.3 S EIE AR -mIRIAINE OB
HrEE, MRS Dubois 2522 (1 IR & . FRER
1 g TS5 OB, HILAZ] 250 mL FYZS IR, HIA
25 mL £ FIK, 10 mL £:1R, IR F S EIE 5]
BRI TR, 2 VBRI, PRI KIS H K f# 1 h,
VG g, IR UuEE, G IR A e, B a
25 % 250 mL, FE4) £ 0. B 1 mL AYFEFINME, InA
1 mL KW (50 g/L), ZZM2 A 5 mL KEIR, X
RFFE 10 min, IRHERRS], WHI ==, 76 490 nm A
TR CAE o AASTRI R B A 25 WA v W R E AR
2k (y=9.0367x—0.0178, R?>=0.997) , HEHibr v th 2%
HE RS

*JH GB 5009.6-

X GB 5009.4-

1.23.4 RmE&EWNE MR Fisk 82 #iR 7
FEIFFEIMER . ¥ 2 g% T OB, it A 10 mL HH
Bs, FE VKK S 5B TR A 15 min, SR TE 4 °C,
8000 r/min FY 5/ FES.0> 15 min, W IS, %32
PGSR TR, A 9P RO . B 1 mL B2
By, N 5 mL 7K5 0.5 mL f@EAKE i3], 555018
Ao 5 min J&, LA 1 mL {EFIBRFRENTA I, SR)5 76
EHEE 1 h, B E S AYRESL, 76 4 °C, 10000 r/min
FUSAHE T, #5010 min, B IFHE, 76 760 nm Ab{s2HEL
WA . DAASRIHE B B & PR AR vE b il VA v
£k (y=0.1667x—0.0018, R>=0.9994) , FRHEFruERI <1
1.2.4 OB #£HBCREME MG Ntone 2524 iy )7 231
BRI AR AR AP BCR, MRS AN A =0 R g
AR R
e e b o e o, 0 LU IR AR e B IR
TR ARSI (%) = P Ry ey x 100
1.2.5 SIELMRANITHT MRS Tang 62 ik 197
BIMPAE . FRECE B M & 2 20~30 mg 19
VR TR T, A K4S, A 10 mL 6 mol/L
MERTR, 2K 30 min, /OIS HKARAS, e S5, &
Tl A AR b, A EREAE 110 °C, JKf#: 20 b,
KRS sE e S, BUL KA, B 2= 20, Bl 50 mL
FEIMAH, Bk EZEZE 50 mL, WHL 5~10 mL 7K
A, S B S 10 mL 2.0, A B3R 10 mL A5G
BRI 1 mL KA, SRR TG, TS i a3k
fig FH 0.02 mol/L MYERBR I, F3- A 0.22 pm A B K
LR BRI A 2R ST S E LA
1.2.6 Rife. BAZAGMIE  HC OB FLUK, I ABERREL
L2 PR, MR R 100 A, (OGRS TRIAR
SyHT. HU OB FLUE, N AR Eh 2% vh i, T e 22
500 1%, [ FHA AR K Zeta FEASESMHTAIN S HLAY .
1.2.7 S mE AWM FRNE BRI Gong 2529 1Y
Ik, K S mL OB ZHLW B T & L&, 78 25 C,
10000xg 45 R BS.0> 45 min, BUR3EWAH ] 0.45 pm
VERS AT U . (4 BCA I & 8 1 B & &, S
B 2R AD) AT
(Cy—Cs)x 100

G,

o € MR U Sr BOR R 46 & 1t (mg/mL),
Cq N FIEW & BT & (mg/mL) o
1.2.8 RIS A A2 (Lipid hydroperoxides,
LPO) #R¥E Yu &P 5k, B 1.5 mL ) OB FL
WA 7.5 mL B9 5 bt /SR DN W (2/1, viv), iR
Ji€ 1 min, 7E 3000 r/min P25 T 250> 5 min, WA -
5 0.5 mL il A 3 mL FHEZ/E T BREWR(2/1, v/v), Bl
JEHMA 15 pL B9 3.94 mol/L R FIRER AW A 15 ul
1 0.072 mol/L TR VR, IR SIS G 2R F T
WFHE 30 min, S2EUAE 510 nm R AOEOGIE . 4

Ar(%) =
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Ak & S P AR AR TE % W IR A fE il 28 (y=0.2174x—
0.0076, R*=0.9995), #RIEARHEMLZL T4 LPO H.
1.2.9 i A8 B bk 22 % /< )% 4 ( Thiobarbituric acid
reactive substance, TBARS)JIE #RHE Zhao 58
U535, B 1.5 mL 19 OB FLIENNA 2 mL i =42
TR (10%, w/v), 5 5 mL FRACE 218 (1%, w/v)
VAEWRIRA, BEJS 298 20 min, WK EI B 5=, B H)
MRS5S 1| mL S00ES, IRGI7E 4000 r/min 1Y)
FAF T EC 15 min, BUEWEW, £ 532 nm A e
JefE . MRPEEE IR 6 R %L 152000 L-mol '-cm™ it
¥ TBARS fH. AR
A
- exL

. C 2 TBARS ¥ & (mmol/kg), A St
B, e NEE/RIEYGER%EX(152000 L'mol '"cm ™), L &t
(1l cem),
1.2.10 FASAPERR  ARYE Liao 250 HRMIIT LT
AR 2EMN A A A TS i A8 {30 5 B OB
PR 288 B2 FIDRY 58P, AE S (GY) A AR = (G") il
11 0.1~10 Hz BRI P AARFT I, B2AEA 0.1%.
1.2.11 ¥ 3 3 3B £ B Wk 5% ( Confocal laser
scanning microscope, CLSM) i i 't 1 1 H 2R
A5 W AR W2 43 B LU A - OB L MR 1Y O 435 44
MY de Chirico ZE0 #{liik 19 )y vk - RS &l .
10 mmol/L 1) % 1% £k 2% v %5 W % OB FL W i B¢
10 1%, B 1 mL # B¢ )5 LI AJE 2 6 e B 21
ek, SkXF OB W aE B AR I #E T 4, G n,
10 min J5, BUAL (4 )5 19 OB FLUE I H-, 48 W a3t
B, i 60<3h i 7E 488 nm I 633 nm B9 IEPEIE
ORI T io R A4
1.3 HIEAIE

AT S8 F PR T 3 ki AT . SLEG LR
DLV $9 48 5 i 22 2 X3RO, fdEFH SPSS 25 4X
PRSI TEEE I BETH T o BARRHAR 2R 7 225307
(ANOVA) #:474387, A Duncan J5 5087 b AE 2=
[HI 25 5% . P<0.05 T i EPE2ZE R A G4 X,
IR BB G VAT TS o T . A E R I8
Origin 2021 £
2 HBRE5ESH
2.1 EAXES O
2.1.1 WFERIEAR S5 B 1 PR T W
D2 SN SN Rl B [ ) T = i U FON a1 )3
S LA 2R AR T & i 2 TR R,
IRANE & B R TR (P<0.05) o LLA-FF+
TR T W TR SR (P<0.05), il
9.82%=0.07%, BRIKZ, FHE N 8.07%+0.05%,
SR, SN 6.55%+0.15%. P T E S E R, N
HdA A AR A SR A BT B R R, 13X 5 LA
P JERHRE AR G0 AR ISEEE o4 AL TIE

507 =
. JI5
B K5y
EE KAy

IR P2 iy
BT R A o
Fig.1 Analysis of the basic components
of Idesia polycarpa Maxim

e ARE/NG FHE R R AS [R5 8] 22 55 8 3 (P<0.05),
K2, K3, K 6lA,

ST IR R T AR B b T AR AR, TR
FHEER SRS TEREMRE ., KaysaEAmE
FIHILAITT R >3 1> 1 . RS i s 2K
PRI Ay SR B >3 B> b7, B8 1 K S S el g
W) B FR BRAT O, X AR RS B 5 N D ReAT HE 2 R
B RERFAL S S 2 5 B, X 545 DhRE
YA,

2.1.2 U#+ OB EAR WS40 &l 2A 25 WOB,
POB. SOB W& MR E & &, HAPIEHE &8>
87.94%~92.88% (3% ), WOB. SOB H [ ig i & &
REMKTF POB(P<0.05). =Fl OB &HE A H &N
5.71%~12.00%(T-3L), Hrr SOB #2045 2] i 2 (1 )51
FRN 12.00%+0.37%( T 3&), 3 = T WOB Hi
POB(P<0.05) . Bk, 8 H & &7 M, SOB>
WOB>POB. J&Ji& & J7E, WOB. SOB JC il # 22

5 =3
A 14_-%55‘3 Wﬂﬂﬁi‘a - 100
b a
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S
60 —
i
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40 £
pYjug
j==~3
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Lo
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Fig.2 Protein and lipid (A), total sugars and total phenols (B)
content of Idesia polycarpa Maxim oil body
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5 (P>0.05), —FH IR & & W F LT POB(P<
0.05) . IXWA]HESEHAE e, =R S A .
R BTAE B BN R I 3B

=R OB FYEBE . S & & VLK 2B, SOB (1.5
HRE ST WOB A1 POB(P<0.05), “& 49.58+0.30 g/
kg, POB ISV s 1%, iX T R 5 FORH Spl & &
SEIEAHKEP, =R ILARF OB 1.8 M & &k 2.00~
2.59 mg/g, WOB., SOB Ay A& i B35 = T POB
(P<0.05), Hodp WOB YA &8 2.59+0.02 mg/g,
XA RER H LA R A b ) B S RS T
o
2.2 HBEAMERNER

LA LLAR AN [RIERAL A ok, 38 i /K 32252 iy
=F OB, W& 3 . =R [EEB A LLAR FFREAS
) OB $EHUE Ny 22.39%~34.08%, H:H WOB K
PEBCR 7, A 34.08+3.88%, WOB 5 SOB HYFEHR
KB EET POB(P<0.05) . HJFEHE RGeS LR T3
RV BT S IR 5T LA A -, PRtk WOB 42 HX
SRR, T LR 2R 2 H g S T 2 5 s, AR B
%, BB 58 1 BUASPA, B POB $2BCREAIG -

0]
35 jf
30

25 ]
% 20
15
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5-
0

jo*
%

XXX
9 3%
$%6%%6%%%6%% %%

PR (%)

WOB POB

K3 iR AR
Fig.3 Extraction rate of oil body

2.3 [EBLEARM DT

Nz 1 FioR, =Fh OB BIEILTRA 16 Fh, (&
P 1 7K it o R i K DA, BT AR AESS SR R .
WOB #1 SOB 1, B &R i & i i =i, 53912 10.73+
0.56 mg/100 g Fl 15.65+0.66 mg/100 g; POB 1, X
AR i m 2R IR, S 5.63+0.23 mg/100 g.
HETR I = Fh OB 1Y) FEEL4FEMR (4.35+0.36~15.65+
0.66 mg/100 g), H 2 R A &1 (5.63+0.23~9.47+
0.65 mg/100 g), 55 &L (4.13+0.25~10.63+0.53 mg/
100 g), #iE R (3.46+0.36~7.75+0.46 mg/100 g), —
Al i K FE ISR AY OB A, POB AP i B K PR 3
A, 439N 23.34+0.43 ., 18.460.33 ., 18.08+0.27
41.80+0.36 mg/100 g, 1M SOB A4 25K PEE LR |
FARMHEEELRR . TR EIFER B S EMEAIR S 2
B, A 59.34+0.33, 43.91+0.22, 41.99+0.23
103.25+0.38 mg/100 g, X1 i85 SOB W M 5 & m
(TEEmEAK(E 2A) . SOB TR SR 5 A
B & B, DB & E IR A

£ 1 IR AREEIRA M (mg/100 g protein)

Table I Amino acid composition of oil body
(mg/100 g protein)
IR WOB POB SOB
REHR 8.08+0.95" 5.63+0.23° 9.47+0.65°
IR 4.13+0.23° 2.78+0.66° 6.14+0.32°
225 4.92+0.86" 3.13+0.21° 6.19+0.41°
HEm 10.73+0.56" 4.35+0.36° 15.65+0.66°
Ham 4.47+0.23° 2.77+0.15° 6.94+0.16°
AR 3.96+0.56" 2.64+0.22¢ 6.31£0.33"
IR 0.40+0.27° 0.26+0.11° 1.80+0.26"
AR 4.97+1.29° 3.46+0.36° 7.75+0.46°
LR 0.84+0.15° 0.34+0.19° 1.26+0.13°
SseaE 3.43+0.45" 2.62+0.38° 5.42+0.29°
SLAR 6.37+0.77° 4.13+0.25° 10.63+0.53*
Ji% 2R 2.09+0.82° 1.99+0.38" 4.3240.26"
RN 3.7240.53" 2.50+1.26° 5.60+0.17°
L iy 3.37£0.26 2.25+0.36° 5.19+0.63"
AR 1.410.66° 0.63+0.16° 2.48+0.49°
AR 5.00+0.87° 2.32+0.57° 8.10+0.37°
TEAA 26.83+0.51° 18.08+0.27° 41.99+0.23"
TAA 59.81+0.73" 41.80+0.36° 103.25+0.38°
KM AR 32.05+0.31° 23.3440.43¢ 59.34+0.33"
B PSR 27.76+0.23 18.46+0.33¢ 43.91+0.22°

s T EE R TEAA: Wity ZURLIR S 5 s TAA: BEUEERR &t SRk
VESURRR: 22 00R0 . I0 AR I RAR . MR . AR | Ao . 214

W TR

P<0.05,

24 OB FL&GREMSH
2.4.1 OB FLkitt kA2 blIE 4, =F OB FL
WA AR AT B o TR] 4E 1 S PR KA AR
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Fig.9 Confocal laser scanning microscope images of oil body
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Table 2 PCA load matrix of oil body characteristic indicators

B B R AL
FRAFTEAR
PCI1 PC2 PC3

HABUX,) 0.370 0.156 —0.020
N8R (X,) 0.002 0.271 0.962
SHE(XS) 0.121 -0.496 0.146
S X, 0.330 -0.277 0.088
Whits IR (X) 0.345 0.243 -0.076
REHERR (X,) 0.365 0.181 —0.059
FARMEEER (X,) 0.358 0.205 -0.065
B PR SER (X,) 0.347 0.238 -0.074
LPO(X,) -0.381 0.108 -0.027
TBARS(X,,) -0.270 0.376 -0.102
RR(X) —0.144 0.486 -0.123
FHIEE 6.583 3.608 0.794
BTHKZE (%) 59.841 32.804 7216
ST (%) 59.841 92.645 99.861
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Table 3  Principal component score and composite score

of oil body
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