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Optimization of subcritical butane extraction process for sea buckthorn

seed oil and its multidimensional quality analysis
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Abstract: [ Objective] To explore the extraction efficiency and quality of sea buckthorn seed oil obtained by subcritical butane extraction.
[Methods] Taking extraction yield as the evaluation index, response surface methodology was adopted to optimize the process parameters
for subcritical butane extraction of sea buckthorn seed oil (Y-sea buckthorn seed oil). The extraction yield, physicochemical properties (acid
value, peroxide value, iodine value, saponification value, and insoluble impurities), fatty acid composition, lipid concomitants (vitamin E,
phospholipids, tocopherols, squalene, and sterols), total phenols, total flavonoids, DPPH radical scavenging rate, ABTS ' radical scavenging
rate, and FRAP antioxidant capacity were compared and analyzed across sea buckthorn seed oils extracted by supercritical CO, (C-sea

buckthorn seed oil), ultrasonic-assisted extraction (E-sea buckthorn seed oil), and traditional solvent extraction (S-sea buckthorn seed oil).
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[Results] The extraction yield of sea buckthorn seeds pretreated by ultrafine grinding combined with flaking was 78.97%, significantly
higher than that obtained by conventional grinding or ultrafine grinding alone. The optimal extraction parameters for subcritical butane were
as follows: a solid-to-liquid ratio of 1: 10 (g/mL), extraction time of 64 min, and extraction temperature of 52 “C. Under these conditions, the
extraction yield of sea buckthorn seed oil was 95.21%, which was 5.54%, 3.21%, and 1.25% higher than that of C-sea buckthorn seed oil, E-
sea buckthorn seed oil, and S-sea buckthorn seed oil, respectively. Y-sea buckthorn seed oil had the highest iodine value and the lowest
saponification value. The main fatty acids in sea buckthorn seed oil were linoleic acid, a-linolenic acid, and palmitic acid. The vitamin E
content of Y-sea buckthorn seed oil was 182.5 mg/100 g, with relatively high content of squalene and total sterols. It also had the highest
total flavonoid and total phenol content, as well as the strongest DPPH radical scavenging rate, ABTS  radical scavenging rate, and FRAP

antioxidant capacity. [Conclusion] Sea buckthorn seed oil obtained by subcritical butane extraction possesses relatively stable

physicochemical properties, high levels of nutritional and bioactive substances, and strong antioxidant capacity.
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seed oil by subcritical butane extraction
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a- P JRRTR A hE T2 5 4 R o IV 3k T AR I0 B R S N A o 75 Tl
JU R, X LA A0 AR A K T L R T B O B L A
WA D, CU BRI P R Wk R B BT
HoAth 7 30 (P<C0.05) , KN [ 42 J 72X Vb SORF T 19 o= 0 JBK 12
TSR Y-VD ORI R 00 A R R AR A R
i W T A BT S (P<C0.05) o X 5 R R

Ao~

By ORIy 6 A5 R AT 6P

(2) TG 07 £ Bl 20 4R R E(Ve) NN AE B
B AR T 0 1 B R A A 2 [ B R O R Y A b
FIFE R, BB o By 0 4R Ho | a-V 115 1
Jo g i, P A AL BE b T fsm oK Y. ik el
B,V WORE I V& Rl 182.5~216.5 mg/100 g, 5 L
a-Ve -Vl y-Ve. 3L RFEAE , Ha-Ve i &, 15 Ve
S 1Y 6.93%~8.77%. C-TP AT MY V. 5 a-V, & HE 5
BRI B4R B T 38.85 mg/100 g X 2 T IR
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x5 DBHBPENTRARESE

Table 5 Composition and content of fatty acids in sea buckthorn seed oil %

JIg 5 iR Y-V ORI C-Vb Ui E-Vb ok S-vh kR
A 5L R 0.200.00° 0.22+0.00" 0.20-£0.00° 0.180.00°
(SRS 0.14-+0.00 0.14+0.01 0.15-+0.00 0.1440.00
A R 8.1040.00° 7.8040.00¢ 7.9140.03¢ 8.0420.01°
Lk 0.05+0.00 0.06+0.00 0.06--0.00 0.06--0.00
fifi i iR 2.8240.02° 2.98+0.01° 3.00+0.10° 2.8240.01°
AR 0.4340.00° 0.44740.00" 0.45+0.01° 0.4340.00¢
1Ly g iR 0.1840.00° 0.24+40.00" 0.2040.00° 0.1740.01¢
il R USP T 7y 0.164-0.00" 0.164-0.00" 0.1540.01%° 0.1340.00°
Ty ) T 7R 0.5040.00° 0.51+0.01° 0.46-+0.00° 0.4740.00°
MR 13.3040.00° 13.50-0.00° 13.0040.00° 13.354+0.01°
Tk — R 0.230.01" 0.240.00" 0.230.00™ 0.22+0.00°
RIATHTI 47.30-+0.00° 49.60-+0.00" 49.4540.01° 47.4040.00°
-V JRR TR 26.50-+0.00° 24.10-0.00° 24.7040.00° 26.5040.00"
R IR 0.0840.00" 0.070.00° 0.070.00" 0.070.00"
0L G 7 R 12.07+0.02 12.03-+0.00 12.1240.02 11.960.01
AR 5 TR 87.910.00° 88.020.00° 87.910.00° 88.014-0.00°
PN 0L R i R 14.03+£0.01* 14.2540.01* 13.69+0.00° 14.04+0.01°
2 AN M0 i 1 R 73.88+0.00 73.77+0.00 74.22+0.00 73.97-0.00

T AT AN R R 22 57 3 (P<C0.05) 6

FUAEUMGE T Ve i P 59 SR USRI T Ve i
WY AN i A [ B IO R v ORIl i R
SR O BEIRAE 4R SR IO b AR A 35 TR
RHAR NI 5 A 0 R O O D B A RN R B
AR B4 I T BRA 5

IR R e ANl (V= IN R R IREN iR AR (B

H o V0 BORR 0 f 0 1l 48.55~58.45 mg/kg, H Y-
VO JORT it > E- VD BIOFF il > C- U0 AT it > SV T I o Y-
VO ORT b A R O b B T A 3 AR U 2 (P
0.05) , 5 Catchpole %5 #F 57 4% S AR T , 3 W] W0 11 S 4%
R TR e i m v i

T 6 B LA HUR AL HE LR 2 R AR 0 S

Fo WHMHPEMEEYARKSE'

Table 6 Composition and content of lipid concomitants in sea buckthorn seed oil

ALy LR A Y- Vb O C-Vb BT It E-V0 ok i S-Vb kR
Vi mg/100 g 182.50+4.95" 216.504-2.12° 185.50+7.78° 206.00+2.83°
a-Vy mg/100 g 166.504-3.54° 201.50+2.12° 170.0047.07° 189.5042.12°
B-Vy mg/100 g 22.40+1.56 22.30+0.99 23.60-0.99 22.8541.20
y-Vy mg/100 g 47.600.99° 37.854£0.78° 34.1041.13¢ 53.40+0.85°
Wi Ng mg/g — — — —
kA mg/kg 58.4542.90° 50.654+3.18"™ 57.454+2.33" 48.55+1.20°
S5 mg/kg 9779.00=351.71° 7 047.75429.34° 9902.904307.73° 7691.754278.25"
IR B ol i mg/kg 559.8059.96" 464.4540.21° 563.954-28.64 204.00+48.22"
e mg/kg 138.0546.43" 150.354+1.77° 183.5546.58" —
AT mg/kg 378.50+1.98° 275.5040.99° 418.004-35.78" 391.25422.42°
AR mg/kg 180.354-13.08" 144.0047.35 182.40+4.81° —
P-4 H mg/kg 8522.30+296.42° 6013.45+35.71° 8 555.00-311.98" 7096.50304.06

TR FAT SRR R R OR 25 5 .35 (P<<0.05) .
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B, VORI R A ) B B R BRI — . YRR
RS LA R 7 047.75~9 779.00 mg/kg, Ho b Y- R i
M i o Y- ORIl L C-YD BIORE 3t B -0 IORE Tl Hh L 4G
SR S B SRR TG S -V BORT T R UK HE 3 A X 5 4R IR
T A B AR P AR ISR A (A B R T (I TR ) B R 4
Rt 22 S A R BOH G, -4 (85 2 & bt 7E VD OFF T AR
S 5 B, N 46.13%~43.57% ., i Y-V ORI o
) 54 HS I S e e, DI T Ak B R R YD R
IOV T 1.44~1.98 %5 , ik — 25 15 W 0 I 3 AR U A

=7

FHES TKERTREDDBRFRTIEAURSERRIN

FIF B4 55 W 45 16 1 A 4 B 10

233 MR ShUEALRE S R TAE, Y-V O Ul
R BT G A B R T C-U O Il B - ORIl
HS-V0 HOFF b (9 o 7 I 5 2 B S5 AP A X 3 R, BT e KRR
R D/ TR D 1 S BAROPE 43 B K e e T A b
PR B AE VD BORF I v o Y-10 BOFF I 9 DPPH [ H BT BR %
ABTS " [ H1 2 R R F FRAP 5 & (P<<0.05) , X 5 s |
S SR A R B I S YA R C bl E b M BT,
T B I 5 T e 25 BV ORIl B AT S 4 AT AR T 1

DRFHIENENRBEEYRSE

Table 7 Antioxidant capacity and active substance content of sea buckthorn seed oil

b BRI MEE/(10 2mg- g ') E/(10 2mg-g” ") DPPH [ HFLIFERZE/% ABTS™ [ 5B E /% FRAP
Y-Ub ORI 28.5640.23" 41.6340.14" 94.18+0.46 79.93+0.34" 0.1640.02°
C-Vb ST 26.1040.06" 39.6740.35 94.1340.63 78.7241.37° 0.140.00"
E-V0 k-0 24.95+0.21° 39.5340.46" 94.04+0.93 78.862.02° 0.0640.00°
S-VbBFF I 20.4540.50¢ 38.72+0.22° 93.97+0.70 78.894-0.70° 0.08+0.01°

T ST RN R R 22 5 W2 (P<<0.05) .

3 &5

WG T ot A VD ORT i A B A T 2 S R R L
1:10 (g/mL) , ZE BUCHT ] 64 min, 26 BUR B 52 C, 4T
ORI B2 TR R 95.21% o K UD BORF Il TR A& v
i R e I SRR LR A R I AT B A B B AR
T3 PR I, 38 B B w1 b A Ak AR 1 (DPPH B H 374
KR BE ) CABTS™ [ Hi 2L 35 Bk B8 ) Hll FRAP 4k B ¥ if i fig
1) o WG T o A IV O I 1 48 TR 2 s T I
B AR R34 FE UMY, 38— A0 Uk W AR [ 3 U7 325 9 A )35
F X5 V0 O I R — s S TR B E S T I
T A IUYD HORE T 5 T i A R 1340 B3 A o T S T %
BT U RN L R R R R S RS IR SN
PR 2 b (O B2 2 38 S 00 M 4 4 T T, R — i
B Tl A 7= 0 AR B A o S5 01 RT R — 2D 5 I
T B AL YD Ok T R ) 4k A R E e L A
B IR TR A3 R AR R S I Bl A AR Al R R
T AR LB
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