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Optimization of enrichment and purification of polyunsaturated fatty acids
in Portulaca oleracea by urea inclusion method
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ABSTRACT: Objective To optimize the process conditions of enrichment and purification of polyunsaturated fatty
acids in Portulaca oleracea by urea inclusion method. Methods Polyunsaturated fatty acids were enriched and
purified by urea inclusion from the fat oil, which obtained from the extraction of fresh Portulaca oleracea by Soxhlet.
Taking the total content of polyunsaturated fatty acids (PUFAs) as an index, its content was determined by high
performance liquid chromatography. On the basis of single factor experiment, the purification process was optimized by
response surface design, and the differences of physicochemical properties between fresh Portulaca oleracea whole
grass oil and purified PUFAs were compared. Results The optimal enrichment and purification process of urea
inclusion method was as follows: The volume ratio of urea to ethanol was 1:10 (V:V), the mass ratio of urea to fatty

acid was 12:1 (m:m), and the crystallization temperature was -20 °C, on which condition, the predicted PUFAs
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content was 110.76 mg/g, and the actual value was 116.00 mg/g. In terms of physical and chemical properties, there

was no significant difference in the acid value of the purified PUFAs. The iodine value and peroxide value increased

significantly, and the saponification value decreased significantly (P<0.05), indicating that the unsaturated degree of

the purified PUFAs was higher, which basically reached the purpose of this experiment. Conclusion The

enrichment and purification process is simple, convenient and suitable for the separation and purification of fatty

acids in Portulaca oleracea, which can provide reference for the development of polyunsaturated fatty acids in

Portulaca oleracea to functional foods.

KEY WORDS: urea inclusion method; whole grass of fresh Portulaca oleracea; high performance liquid

chromatography; polyunsaturated fatty acids; physicochemical property
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i 6 mL, #B7 1~2 min fARIIE GRS HF R & 3595,
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BIASAE S VA

(3)5%F MR R VAT P i
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Table 1  Single factor experiment design factor level table

REIZEE  JREMEVIR  AdiRE 45 f ok 1)
7y (m:m) rC /h
1:5 4:1 -6 6
1:10 6:1 -12 12
1:15 8:1 -18 18
1:20 10:1 —24 24
1:25 12:1 -30 30
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Z A58 B AR %) PUFAs 7 55 FS2 0 o e iz i B s v R 2=
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Table 2 Level table of response surface design factors

JR%/ LB IRZR B WiR 45 dhifi 2
r:n (m:m) 1°C
1 1:10 12:1 -18
0 1:15 10:1 -24
-1 1:20 8:1 -30

(3) i B (i 2

aEA:: Compass Cg (250 mmx4.6 mm, 5 pm); i
Bt HEE- L6 -0.5% B B K 1 (60:22:18, V:V:¥); ik
26 °C; FillE 4 210 nm; i#: 1.1 mL/min,
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Table 3 Response surface design test scheme and results

BSOS, RWATEA DT 2 NI (DI ey A KWL BRI ORI pURAs drit
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TAEGE IR B, S8R R BN PR R A R Wb A
PEAT584, (TP iE4ifby PUFAs Hif 4 JAth PUFAs £ 1 -1 0 1 79.50
Bk, Bl 25 b T I, Hofth PUFAs #2212 40 5 2 0 -1 -1 76.70
Ko GEALLE 3 AN ER PUFAs & fE, S0 [ 58 45 it [a) 3 0 | B 1928
6 h AT 5 2 i il i
4 -1 1 0 90.45
22 REBERZEEESAUCIZHUERS DR S | . 1 "
221 et @ R & AR '
Sty IR R R 25 AT, RBURR S Z R A L 6 0 - ! 71.87
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EE%%H_M? Box-Benhnken ”ﬁﬂﬁﬂﬂ@lﬁﬁﬁ‘]i?im 8 0 1 1 72.91
Neszny, HOFRMEER AN 3 PR, 0 | | o 114,09
222 ot E Rk IR R £ AT '
X 3 Fedmit T BlIE A, 15%] PUFAs & (V) E 10 -1 -1 0 85.94
T 7 B : Y=83.35-5.524+2.988-4.77C-9.034B+5.544AC— 11 0 0 0 84.02
0.39BC+11.114°-1.22B*-6.94C?, 1E a=0.05 TFH/KF T 5| " o 0 0 £0.40
PR BENE, BUH RN ¥=83.35-5.524-4.77C~
9.034B+5.544C+11.114%-6.94C%. 13 ! ! 0 8249
]y 22 0 B R (R OIS, SR AR e 40 14 0 0 0 84.47
P=0.2050>0.1, *ﬁﬂiﬁﬁ P=0.0026<0.01, %‘%%ﬁt*ﬁﬂ%ilﬁx 15 0 0 0 87.90
&AL BEANREELL . 45 SR ST IR 2 A R R % ) 0 4 104.05
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Table 4 Analysis of variance of response surface method design test results
7 2R S5 H Y15 FiA PiE B
Y 1640.01 9 182.22 10.59 0.0026 *k
A-JREEL, 243.48 1 243.48 14.14 0.0071 ok
B-JRIG L 70.87 1 70.87 4.12 0.0820
C-45 iR 181.79 1 181.79 10.56 0.0141 *
AB 325.98 1 325.98 18.94 0.0033 ok
AC 122.95 1 122.95 7.14 0.0319 *
BC 0.60 1 0.60 0.035 0.8569
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FAE)
5 2R ST FIF B ¥ir F1E P{H FEN

A 519.53 1 519.53 30.18 0.0009 o
B 6.23 1 6.23 0.36 0.5664
c 202.96 1 202.96 11.79 0.0109 o

SR 120.51 7 17.22

P e 77.85 3 25.95 243 0.2050

B2 42.65 4 10.66
B 1760.52 1 6

T *3OR P<0.05, 2253, ¥R P<0.01, 2R

; 1175
81 120 A: JREELL(V:P)

’l 1
Fig.1
223 @EAER AR EIE
F#% 5 AT LIAE ), PUFAs AL R HIME A 110.76 mg/g
EE¥ S ERE 116.00 mg/g AT, “F¥15%25 4 1.75 mg/g, i
W M ASE 7R Ty A 5 SR B0 BE S, ) P o 7 TR 720
IR B WAL E L4 D158 PUFAs T 221719,
224 LW IRE I BR 69 B2 IE AT A 4k R
£ 6 GiRLEIR, v il Ak 5 T sk
PUFAs Z[HJR{E2 S AN 4 (P>0.05), it AbiE . BYELI&
BAME A 35 25 5(P<0.05)., Shik ialifk ) PUFAs 5 484k
{8 M4 A s, SRR Ak PUFAs H i 2458
i, siE IR, AR EtERE, SRR RAEMEIS P,
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HRHE AR N J LR/, PUFASs (14 5 47 2420

1:17.5
A: IREEH(V27)

A HAE X PUFAs B At 107 i

Response surface of interaction to total content of PUFAs

3 & i
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73.9015%>27.6104%., 1Pl FSCsent b, ABIRE S 2w
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X R — 25 Hihif EL 15 5545 PUFAs JRITIRALSINAE . 77
TR Fe SN RE B S IO S5 H At T BRIE B SEmt
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Table 5 Experimental results of enrichment process validation

SEHS PUFAs B & B TN E/ (mg/g) PUFAs & & it 32 PR{E/(mg/g) AixHiRZE/(mg/eg)  FHME/(mg/g) FIiRZE/(mglg)
1 110.76 122.88 12.12
2 110.76 101.63 9.13 116.00 1.75
3 110.76 123.47 12.71
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Table 6 Comparison of physicochemical properties between
whole grass oil of Portulaca oleracea oil and purified PUFAs (n=3)

1 EARAE/(2/100 g)

PRALFEBR Ty i 4 alifk¥) PUFAs
T2 {8/(mg/g) 70.125+0.010° 70.125+0.020°

3.430+0.087° 10.959+0.073*

HLE/(g/100 g) 65.988+0.229° 97.615+0.074*

BAkAE/(mg/g) 364.650+0.121° 255+0.102°
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