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Preparation and Stability Evaluation of Pumpkin Seed QOil
Microcapsules Using Pumpkin Seed Protein-Modified
Flaxseed Gum as Wall Material

LIU Zhanxia, WU Hongbin"

(Institute of Agricultural Products Processing, Xinjiang Academy of Agricultural Reclamation Sciences,
Shihezi 832000, China)

Abstract: Using pumpkin seed oil (PSO) as the core material, pumpkin seed protein nanoparticles (PSP) and modified
flaxseed gum (MFQG) as the wall materials of microcapsules, pumpkin seed oil microcapsules were prepared by freeze-
drying method through different combinations and proportions. The effects of different PSP/MFG mass ratios on the
interfacial tension, storage stability, stability, encapsulation efficiency, microstructure, and in vitro digestion release
characteristics of pumpkin seed oil microcapsules were investigated. The results showed that compared with the control
group (P4), the stability of pumpkin seed oil microcapsules with different PSP/MFG mass ratios was significantly changed.
Among them, when the PSP/MFG mass ratio was 4:5 (P4F5), the microcapsule size was the smallest (199.06 pum), the

interfacial tension was the lowest (22.03 mN/m), and the three-phase contact angle was 89.665°, showing the best surface
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wettability and stability. PSP/MFG wall materials could effectively encapsulate PSO, with an encapsulation efficiency of

96.5%, and the highest encapsulation efficiency after storage for 30 days was 88.8%. The TSI value was 0.35, indicating the

best stability. The in vitro digestion release characteristics of PSP/FG microcapsules showed that the stable pumpkin seed

oil microcapsules had the function of controlling the release of pumpkin seed oil, which was characterized by a lower

release rate in simulated gastric juice and a significant increase in release rate in simulated intestinal juice, thus effectively

releasing pumpkin seed oil. By evaluating the performance of the microcapsule wall materials, it was indicated that the

pumpkin seed protein-modified flaxseed gum composite wall material could be used as a good nano-level stable delivery

carrier for pumpkin seed oil and improve its bioavailability. At the same time, it provided a theoretical reference for the

deep processing of pumpkin seed oil and its comprehensive utilization in the fields of food and health products.

Key words: microcapsule; pumpkin seed protein; pumpkin seed oil; modified flax seed gum; stability
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ST R S PR AN oM, SR IO R 1
(Pumpkin seed protein, PSP) #ill £ 5 & BE M LA E P
JRAFI . HAT A 1R, SR HASE PSP 1 MFG i kb
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e E 3, 7E 6000 r/min K .0 10 min ZERUTHE,
PR R AT, BT 4 C vKFE & S5k . 3R .
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BROS T WRRAFIE B A s A= MRl A BRAS 75
4 T (1000 U/g) . 43RBT S 2 M (25 1 =80%,
fifF7iG = 1.5 U/mg protein) B ShZK, B T HetdiAd4 T
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BEFARR T T 70 °C BYTC/K Z B, B AR SR,
WP 5], ARG e, SEIE BRI FAMR T . JoK 2
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B TR AURE B AE D28 K TR BE 100 1, =
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25 °C R, {fifH Winner2005e 3O GH7 B A3 Hr S 72 7
1%, 25 ErEFE 20 (PDD), (i Zeta HLA 43T S0
PTG EE Y Zeta EBAV .

1.2.5 FREGUKMNE S5 8PP JridkiditT
Rl . >R FH ANS ZE6#R4T7:, A PBS %W (pH 2N
7.4, 10.0 mmol/L) K REMAE T A5 B2 0.01~0.05 mg/
mL, B 4.00 mL ¢ M £ 4 ¥ W 5 20.0 pL ANS

%1 FJIKEER 11-S I RRORFIR A REbE 0 TR W O
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Table 1 Preparation formula of pumpkin seed oil microcapsules

with pumpkin seed protein-modified flaxseed gum as wall material

Fite(g)
215
PSP MFG FERM BT (PSO)
1(P4F3) 4 3 1 15
2(P4F4) 4 4 1 15
3(P4F5) 4 5 1 15
4(P4F6) 4 6 1 15
5(P4F7) 4 7 1 15
X HR(P4) 4 0 1 15

(8.0 mmol/L)IEWIR A 4], 25 °C W 2 min J5il
S8 HAS IR, B 75k R DR 390 nm, & 4T
1+ 400~700 nm, & HTHRAKCEE L2 0 5 FAE Sk &
FOLRPE TR TR
1.2.6 flfAiE S0 ELRCY By g Tl .
T FH A2 £ 00 2 A S A T TSR YR B s e AR s 1) S T
Heflofa o AR A PLOBEE ESE 35 MPa, & #ill s [A]
3 min) BFR T 14 e JTORF T AR AR ol RBP4 L 3K
B R (B4R 2 em, JEEEE 2 mm), SRJ5 R FH L
R TR B HE A S IR K AR A B2 Al A o AR iy
A BANET Sk TR BEREER, B 2 pL SRR S
5] 7~ 22 1, F5 7K AE DE M B ) R 1 Sl e 2E 1 T4 4R,
W AR A A TR AR . RS TR R
B FETEEL 5 A s VR TR, 05 45 SR E 3 BB Y
SPEHE
1.2.7 FmEsk S ARPESCER [16] AT E R
JROKF TH A 2 1) AL T 9K 7, IF AT T — 28
20 pL FEJFFM AR BE ARG 25 o, 78 25 °C 5447
T ShAS B I S o BEARE S 00 AT 5K I e
3 Ko
1.2.8 ARG AR BT ) A n T Re
PERE ST B EAE 25 °C FYIEIEMAGRAE 30 do ME
AN AT (A 25 2H r TORF Y RO 3 i G 3
ALHFR A (DT
KT A =
o
1.2.9 O HE R e M sh J124 88 50 (TSD 43 F1 - B
24 20 mL Pt il 85 B MURS EE T Turbiscan £85E 1443
T AT FH R AR T B 380 v, PR AFAE 58O & e T 5,
PNBE JCRE i X 3k JC 5% B, W TR AE . R B TR R
(55 °C) F &:b& 30 min XFAE S 34—k, L34
6 ho FIFH Turbisoft A4 1 151U 2 Bifi B 18] 22 £k 1
TSI fH.
1.2.10 ARSMERIHAERE L B B AL T
il =2 38 B 1k . BLE W (SGF) I L
il : FREL 2 g NaCl# i T 900 mL Z8 18 /K 7, HH
HCIHFW pHE 12532 ¢ BEAMEERE

@ﬂ%(%):(l - )x 100 2 (D
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1000 mL. F3IZHE (SIF): FREL 6.8 g Ml A4 (A) 1000 [ o g 10.30
fit T+ 800 mL ZEME /K #, FH 0.1 mol/L NaOH &7 los
pH = 6.8, HIiE S ZRW/CK 10 g JBER B AR, S50k _
R SRR GG AE 452 1000 mL, 7F 4 °C F{i# g 1020
17, i IR g loas™
IRSMEALIIE AL S5 5 g B TOFFIM ke e N A 2]
40.10

50 mL LB w A, 37 °C KB HRIETS 2 he pH i
WE 6.8 il H A ABKIE, FEE N 50 mL B35
W, 37 °C /KRR 2 he BB BEBCR A 2«
[EfE 0.5 h BUR & ¥4I k¥, FH 1 mol/L NaOH
P pH 2 6.8 i B A HEGRE, BE/SE I 50 mL 17
W, FER— 251 T RSB 4 he BERE 0.5 h BUR
G EISIIHARIE 10 mL, KR KGR, AL R S A
Sy, A 25 mL A7 imBE, RS AEL, FEBGT
FREE 3 K, GITFAPUAH, TEZEBR At RpaT455)
TH At A He RS R A B TORE I & 2, B R #e =X (2)
T
TH AR TR R JTORF VR T i

) = e . TP
X (2

1.2.11 EOCIERAEBHEDNER  RAMCERER
i 4 A R I T TR T OB 2 A W JE S 2 A
4 B TIOR3 FITC(0.05 mg/mL) FJE 25 41
(0.05 mg/mL) X UL AR T 4L (4, IR /i€ 10 min, 7
B 40 min, HHAFOGHIR A BMETIER, FITC ¥k
R 488 nm, JEF LI AR 633 nm.
1.3 B

BTS2 5 2 /b HEAT 3 Wk, FdiE SR A SPSS 22.0
AT R . SRATFRRIE T 22571 (ANOVA)
Duncan Z2 55 Y5 IR I A AT S B E P AL 220 1 25 5+
(P<0.05). {#iH Origin 2021 A FERE .
2 RS9
2.1 PSP/FG EREHIRIR. S BUtEaEA B

1A SR T R TR OIS 3 FI A 8 i A4 SIF.
RRFFIRE B JRA PR 22 1) 4R A%, PAF5 (PSP/MFG
TR TR LU 41 5) PPk A /N (241.82 pm) .
AN[FE] PSP/MFG Jii & b 19 R JTORAI AR &2 11 PDI 34
KT 0.25, iGN KBk A3 A 422 [/ 1B AR
[F] PSP/MFG J5T it L 1% R TR THI R0 25 1 T T
S3AT, 0] LG T AR UR ) S PRE S5 A . P4 1Y
W RN~ 25K 768.319 pum, A~ |6 PSP/MFG Jii & [t
PR R TR T O 2 1 i TR SH B S /N F P4 1 W
51, MFG 248 1 PSP HERMIADELR . PSP 5 MFG
W45 4, JE AR T PSP/MFG & & Bk o8 Bz i 45 44,
W SR M T2 SR AR AIURL, ORI BRI AN ] 33
Hb W S T - 7K 2 T Wl A 7 1 BT ek, 20
SEAE G PRZ A FLAR R Z 8 DL A LA T
Feer 2 [E] fAR B AR FHRE B B e e R R 2, AR
PSP/MFG Jii & LV R TOFF OB 2E, > MFG KT

0
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PSP/MFGE & ki i i kb
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Fig.1 Average particle size and PDI (A), droplet size
distribution (B), and {-potential (C) of pumpkin seed oil
microcapsules with different PSP/MFG mass ratios

F: ARIFRFRRER BE (P<0.05), K 2~ 3 [,

PSP i (P4F5. PAF6. PAF7), PSP/MFG 14 ¥ i )~
[ PSP s/ b S B R kA, 24 PSP /T MFG A
(P4F3), PSP/MFG YRR~ B PSP ¥k 5 B,
/NEEF . PAFS BRI ST e/ (199.06 um), Hik
2 PAF4. PAF6. PAF3 . PAF7 4351 )y 281.17. 315.48.,
333.33. 353.98 um., PSP/MFG J& & [t g 4:5 i,
PSP/MFG UK ltne A4 i) 4% -6 78 S e Wik <= T, JF
e JE I A 2 AU G5 HA, A 385 1 i SR 42,
— P HEsRFA E M . AN[E] PSP/MFEG 5t iE Fe 4 1 JTUK:
TR BER) CHRATANE 1C s, P4 B IR s iE
FELfaT, AN[A] PSP/MFG Jii i FE Y R IR U 2 2 30
AN R ELANE [ B HRL fef, 3X R HH PSP AT MFG JE il T 58
RHESRE M) PSP/MFG # 72 G BEM . FEE MFG Lt
B B 3G, C-F A S W N5 mV I /N -36 mV,
PSP/MFG & -GEEM Y AL 4aXHEE I, 7T LIS 43
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PSP/MFG &5 EEM TR LN 4:5,
2.2 PSP/FG R ERMmERK M

PSP E.f f i R m sk M, iX & F PSP #Y
Sy A P L 50% 11 a3 R 5% 3% Sl i UK M 5k
FEPY(ELFRYY 20% M5B EIRIREE . 29 10% MIIHZEIZ
FRIL . 2 10% TN AIRFEILSE) . ML, FG 19
B K PEEAR, 35 H AT 2514 v s K 3L HT Y
e EAA L, SR, 24 PSP 5 FG DIARFE A LR
G IE I e i, TR S i R s oK MR B S
PSP NN AFAE B A [E R tE . aniEl 2 o, B
PSP 7ERIEFERERE o LA AT, TR Re 2 i 2R T B 7K
PEZETETR . XY PSP/MFG & [Liks]— (8T, 3%
Jisg % 2 1HT B K M s B i KAH, iX R PSP FEUR 4%
R E B AARIRAS . IEA, U R MK T
PRMESEAT B T4 AR K MR B T i S e s e, A
TIZE B SN T A A7 A v s L B Ao
PEo SRR T A R D RETE B N B
EERE X, Z&E LFRATHUKIELERFH FG X PSP 1Y
FMARGKHEEA —E R

1000004
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3 | T .
E i
= 400004
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