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Abstract: This study investigated the effects of hot pressing, solvent extraction, aqueous extraction, and aqueous enzymatic

extraction on the quality of tea seed oil (TSO) and systematically characterized the physicochemical properties of oleogels
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prepared using monoglyceride (MG), beeswax (BW), rice bran wax (RBW), and y-oryzanol/S-sitosterol (SO) as structuring
agents. Results indicated that the fatty acid composition of TSO remained consistent across extraction methods,
predominantly comprising oleic acid, linoleic acid, palmitic acid, and stearic acid. Solvent extraction achieved the highest
yield (94.92%+2.68%), with lower acid value (0.46+0.01 mg KOH/g) and peroxide value (0.03+0.00 g/100 g), along with
higher a-tocopherol (249.78+15.84 mg/kg) and squalene (186.56+10.99 mg/kg) contents. However, it exhibited lower total
phenolics (111.11+£8.96 mg GAE/kg) and total sterols (3695.82+215.45 mg/kg). In contrast, aqueous enzymatic extraction
yielded 85.55%3.64% oil, with comparable acid value (0.59+0.01 mg KOH/g), peroxide value (0.02+0.00 g/100 g), a-
tocopherol (225.91£13.75 mg/kg), total phenolics (144.58+2.87 mg GAE/kg), and squalene (177.96+1.48 mg/kg) to solvent
extraction (all P>0.05). Notably, it demonstrated significantly higher phytosterol content (4867.15+265.33 mg/kg) and
environmental compatibility, establishing it as the optimal method for balancing extraction efficiency, bioactive retention,
and sustainability. All four oleogels exhibited oil-binding capacities exceeding 93%. MG- and SO-based oleogels involved
van der Waals forces and hydrogen bonding, while BW and RBW oleogels relied solely on van der Waals interactions. X-
ray diffraction revealed f and f’ polymorphs in MG, BW, and RBW oleogels, whereas SO oleogels exclusively formed S
crystals. Texture analysis indicated that SO oleogels exhibited the highest oil-binding capacity (99.23%+1.68%) and
hardness (5497.80+508.83 g) but poor spreadability. Conversely, MG oleogels balanced moderate hardness (746.47+
58.29 g) and oil retention (97.80%+1.39%), rendering them suitable for solid fat replacement. In conclusion, aqueous

enzymatic extraction is the preferred method for TSO production, and MG-based oleogel shows optimal potential as a solid
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fat substitute in food applications.
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Table 1 Physicochemical properties of tea seed oil extracted by different methods
LY=L 7 Mk TRk KN LIPS
(%) 56.74+2.02° 94.92+2.68° 78.3242.33¢ 85.55+3.64"
(65 (25.4 mm) EAR- 1 2.9+0.1° 1.8+0.1° 1.5+0.1¢ 1.8+0.1°
B 49.5+0.5¢ 40.5+0.8° 51.240.2" 58.5+0.7"
4y (mg KOH/g) 1.08+0.03" 0.46+0.01¢ 1.26+0.02° 0.59+0.01¢
Ak fE (g/100 g) 0.030.00° 0.03+0.00* 0.03+0.00° 0.02+0.00°
Ky BAE R (%) 0.06+0.00° 0.18+0.01° 0.15+0.01% 0.12+0.01°
X% 0.964+0.070° 0.922+0.08" 0.960+0.070° 0.924+0.070°
Proesaik 1.4700+0.0004° 1.4680+0.0003" 1.4700+0.0003* 1.4704+0.0005"
WifE (g 1,/100 g) 85.92+0.14° 88.70+£0.47° 87.31£0.47° 87.30+0.13°
Tk {E (mg KOH/g) 186.81+3.22° 179.91+3.54° 187.7143.94° 183.46+1.14%

T B R Y E bR iR 22 26 s R TARIE A R T8k R AEAE B M2 57 (P<0.05), F2~F3[A, 25.4 mmZE/s 162 4 A L @RS 1) G RE M 25.4 mmi il
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5 R EEEn 2 5722

BT ORI 7 SRR 2 iR 2 WA E
Fig.1 Apparent characteristics of tea seed oil extracted
by different methods
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TP, T R A E R IR AR IR R I TR S
BN, SRR PEESR, BEIE AR et SRR
2.1.2  AS[AHRECT XSS P B W5 R £E A 114 5 nik)
FHE% 2 T A1, 4 FRERE7 XA A TihlE I R 2 ak
HISEIR EEAARIAEA IR ITRR I AR 2E 5 b, e R
5514 (SFA. UFA. MUFA . PUFA) 4325 b 4542 B
Fr=CEI I 22 5% (P>0.05) ., {£ Delfan-Hosseini
AR g Pl R B T BRI =0 E U kv R
ARNB IR & B A W s, IRIn] LA H, S5t
Kl EFARMTE A C16:0, C18:0, C18:1, C18:2, H.
AN FNE W5 iR B S 78.58%, Hivp C18:1 F
C18:2 ZFNZy 5 AN FIRE NI BRI 98.71%. 53R
HH, C18:1 XHRIHZEENE . MEHEAE | (O MBS . BEAR
5 LU T2 A 45 22 P g R (R A8 P T [ A s skl B — 2

2 ARITTESEIUR A HRFIh B IR DT TR AL

Table 2 Fatty acid composition of tea seed oil extracted

by different methods

BIITR (%) Pk WRNR yiSiilteS INURER
C16:0 17.73£0.10°  17.74£0.02°  17.54+0.07° 17.770.10°
Cl16:1 0.02+0.00°  0.03+0.01*  0.03+0.00"  0.02+0.00"
C18:0 3.67£0.17*  3.51£0.02°  3.73+0.08°  3.65+0.17°
Cl18:1 53.08+0.66°  53.57+0.17°  53.06£0.27*  53.10+0.65°
Cl18:2 2436£0.47"  24.07£0.17°  24.58+0.25" 24.43+0.47
Cl18:3 0.24+0.02*  0.23£0.01°  0.22+0.00  0.16=0.02°
C20:0 0.04+0.00°  0.04£0.00°  0.04+0.00"  0.04+0.00°
C20:1 0.80£0.07*  0.76£0.02°  0.76+0.03"  0.80+0.07"
C22:0 0.03+0.00°  0.02£0.01"  0.02+0.00°  0.02+0.00"
C24:0 0.04£0.00°  0.03+0.01°  0.03+0.00°  0.04+0.01"
YSFA 21.51£0.13"  21.34£0.04°  21.35+0.07* 21.52+0.12°
YUFA 78.49£0.13°  78.66+0.04"  78.65x0.27°  78.51£0.12°

YMUFA  53.90£0.60°  54.36+0.16*  53.85+0.51°  53.92+0.58"

YPUFA  24.59£0.49° 24.30£0.16" 24.80+0.25"  24.59+0.48"

TE: SFASRH MG NI R; UFAFRRAM G VTR MUF ASZ SRS
1i2; PUF A 2 AR FIAR TR o
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TR 4 o

2.1.3 AEFEBOr XS A RE i v AR T 5
ma BRI RS L AR RK B H Y 5S
R o242 B WS B VS EIAE 199.98+16.71 mg/
kg & 249.78+15.84 mg/kg 2 [a], BT =X .35 52 0
Hog i (& 2) . Hrp s iR skl ny s a-
A E W e e, PRI R, X5 R AR HRiE
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I3, SEEPEE AR RS R oA B A
Ao ARG K BT A RN a-A= T
By S 222.23422.53, 225.91£13.75 mg/kg, B
IRAE TR AR, (H B A5 S R, A F
T ] LURORRR B LR B, TS RR S i ARk
1By BN B g DU RS R T 20, DAIMTATEAR R
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Fig.2 a-Tocopherol content of tea seed oil extracted
by different methods

H: AR FHRRRERA S22 L (P<0.05), K 3. K 8 IA,

2.1.4 A[EHREOT 2SS R R g S 2 i 2

I S AL BEEAT M HE H i3, IR NE2 Atk
SRR, I REIE i RRAIUEE S BT 4578, $2 g
BOE TR ER, FR I 3 nl 0, 76 LLEE Y 4 FhZsntFr
TR By 2, PR R S e, SR E T
148.39+7.01 mg GAE/kg, 1Mi7K BEE 0y By 254 i & =
WARXT R 55, 1551 144.58+2.87 mg GAE/kg, W #1E

PR S T s A R EA . S IEIE]
Ff, I TR 2% AR 7 9 i 1k B R 1 5 R DU AR X ARAIG,
419 126.324+6.40 mg GAE/kg A1 111.11+£8.96 mg
GAE/kg, HFEFZIEE M Z W5 R, 225 035
(P<0.05), X ULHIAS R BT 20 25 A L 25
BTN o PRI Z T LLRERS B4 O B 2 ok
TR Z B )5, AT RES A R L i A e e
AFERIE A, ] T 22 W A AR 1 A, NP3 T
ZAEANERRAT DG . IR, PR SR IE A
3 R RAR P BB 22 Wy i R A vh o T G
PRI Z2 W AR BEA BRI SR
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i
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Fig.3 Total phenolic content of tea seed oil extracted
by different methods

2.1.5 ANEHRBOT 26 ZS P Frim v M 8 | AR S
BERgRZm  FFE 3 AT, PRI RS HE AR TR S
PR R . A7 220 TR o- A R LA A WS
s 5 FpAE A £ ms, Hoh 2R S s, Z IS
R A s a1 —8 . BE P I B
IRPEHUA SR FIHAT, - 22 A B TR b R
e i s K R DUIE 7S I . S5 £ I R R S I e
L HAA P TS FINR R IR FRTR A0 S & 2 B
(RTRIPIFN s (EARF RIS, VE A FFIRFIE
P 5 P A 2 T 1 1, RIS LA R B A RS,
B ALK P B DA B A A A 4 A ¥ R IR YT R AR )
HEPY. LA SRR, $EHr 2O et F AR A £
B B AT — 2 MISEIR

TE ST AT T T, WFSR S s U A SR LY
A% X TP A R B B AT 160.47+9.86~186.56+
10.99 mg/kg Z ], HAEFNZHEEZ A A &
I o 3 e T HWEE (P<0.05), T 5 7K BEEEE FN7K 5

# 3 AR SRR R AR

Table 3 Phytosterol content of tea seed oil extracted by different methods

HEY) £ B (mg/kg) AEk BERNR T Kk VIR
fhgls 160.47+9.86° 186.56+10.99* 174.62+12.45® 177.96+1.48%
FEHE 2235.55+203.03° 2240.71£150.26" 2472.42+118.89° 3190.84+209.36
P 1399.54+117.23" 742.04+76.70° 827.79+62.69° 985.62+21.71°
AT R 559.75425.76" 489.52+35.59" 443.49422.54 328.93+32.66°

a- TP IR
R
A

238.43+19.62%
59.97+7.13°
4493.23+129.03°

199.17+15.53¢
24.38+2.12¢
3695.82+215.45°

210.114£22.64"
20.38+1.65¢
3974.19+100.89°

257.86+8.55°
103.90+6.58°
4867.15+£265.33°
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) 2.4~11.4 5067,
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20
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Fig.4 FTIR spectra of tea seed oleogel prepared
by different oleogel
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Fig.5 X-Ray diffraction patterns of tea seed oleogel prepared
by different oleogel
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Fig.6 Apparent characteristics of tea seed oleogel prepared

with different gelling agents
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Fig.8 Oil binding capacity and hardness of tea seed oil oleogels
prepared with different oleogel agents
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Fig.9 Rheological properties of tea seed oleogel prepared by different oleogel
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