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Effect of Phycocyanin-Peony Seed Oil Pickering Emulsion on the 3D Printing

Performance of Potato Starch Gel
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Abstract: [Objective] This study aimed to improve the 3D printing adaptability of potato starch gels for special-shaped
food products. [Method] A potato starch gel with a mass fraction of 15% was used as the continuous phase, and
phycocyanin-peony seed oil Pickering emulsions were incorporated at different mass fractions (2%, 4%, 6%, 8%,
and 10%) to investigate their effects on the shape-forming performance, rheological behavior, and water state of the
system and the post-printing product quality. [Result] The mass fraction of Pickering emulsion significantly affected
the printing performance and quality characteristics of the system. Appropriate Pickering emulsion addition
promoted the conversion of part of free water into bound water. The product of the PE-4 (Pickering emulsion added
at the mass fraction of 4%) group exhibited a coordinated color and an intact shape and showed superior shear-thinning
behavior, thixotropic recovery, and viscoelastic balance, demonstrating the best comprehensive quality.
[Conclusion] Phycocyanin-peony seed oil Pickering emulsion can effectively improve the 3D printing performance
of potato starch gels. The findings provide a reference for the edible expression in special-shaped forms and for the
development of creative food products.
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Table 1 ~ Criteria for grading 3D printing performance
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Table 2  Criteria for sensory evaluation of the printed samples
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Fig.2 Effects of Pickering emulsion mass fraction on the rheological properties of the samples
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& 0% RIEEA M Pickering 2 x D E M B AL 3D FTEN £ Ak

IR

2.5 Pickering LR E DB REIFHEMN

HE 70 LLE B, S B S o b ES RN
Ul , H b ME 4 XME KR 2 5 T o (E 480 E , R BT
DL gk (0 FAR (i . B Pickering 7L T & 77 £
Tha PR RS HOR R AR . Horh PE4 £F
i () LB B K, 4 i o0 B2 e ey, IX AT BB BH T IE &
Pickering FL ¥ AT ¥ BCECRR T 3 BIUR 38 &) 1) 5 1 45
e, A6 ) T35 WA AR I E AR AR 3 A0 4 B, AT Y iR AA
R B BN A Z R, PE-6. PE-8 #f i 1)
LB B LT B 1 i B A € 3 IR s PE-10 A% i 1 L7E
B B HAE T PE-4 £F 5, % B $2 & Pickering
FLIR 5T & 7 A B R SR AR THAE s FE

0r a L

o H =
d
50 —:’.::ll::::::::.‘::':::::::::{E}::::::::::D:::::::::D

TTEYTY
b

=20

PE-6
FE il
[F] — 48 W5 A [F] /N5 2 BEROR 4 1] 22 57 12 3% (P<0.05) 6
B 7 Pickering Uik i = 5 # 3 4F S & F 6 Fvh

Fig. 7 Effects of Pickering emulsion mass fraction on the

PE-2 PE-4 PE-8 PE-10

color characteristics of the samples

PE-8 Ff i (1) o i 2 X0 f K, 1 i 48 (U RRAIE B
23 1 Pickering FL R 5T & 73 B o bE 245X E
WKL, E ORI, S RERWE, B M
Pickering FL AN X 5 e K i 1) 85 €458 B, 38 v] A
P E BT, BEEARKARKE G
) BRI, KPR AR A S0 T M
G IR BE KAy BOR S BN BURNY . I nE &
Pickering FLy A F) T 4E FF 3 & H A2 € 7 A0, ff
PE-4 Ff i [ 25 & 8 3 & P A 5 i & R & B
Pickering 7Ly 848 FF & W5 5 (0 A B 3 o, (HAR R
AR E T B VAT BN S A AR T N R fx 2% 5 BUE
RS —PRA . 25 G E N Pickering
AT A A A A ) R IR B B P O
FRAE it Ho b PE-4 K i () 25 5 (0 P R IR AL
2.6 Pickering Z.i& R 7 BUAR FATED ¥ R A9 45

okl

Pickering L ¥ 1 & 73 BOM VR 4T B A & 1 Joi
MR B B2 AR AE R . R o 0 R ME R

109



110

Journal of Food Science and Biotechnology

TR T A AR R A — B, 3 3R N PE-4 4% i B0
¥, PE-6PE-8 Ff it £ {H 41K , PE-10 F it i {1 1%
AT, 0 8. & AR dh 10 B R B G R 2
BB BB/ o 45 R U N Pickering 7L R £
DA KR R R 2 RS T B RIR AT v 5 R AR I
ZLURFAE , 0 FE B e 4 28 sl I SN . Hor,
PE-4 i B A 15 ey 1 28 0 A6 i L M P2 AR 2R 7, 9t
W] 3& & 5 N Pickering FL il AT A AL ER TH K 4T EDRE
min ) 465 ) S P A T R M . B 5 Pickering FLK
JT & 5 gk — 1R FH, PE-6 . PE-8 #F: it 1) 7 il filf
FE MG FE R R T 1) B R R B R 5 R
TR REARPIT R BE DRSS . XA AR H T
Pickering 7L & 73 N A4 & IR 3 R8G5 AT BT
UG T B2 AR SCHERE R BN AR T T EDRE R
W % 55 G L IR0 A A 250 5 B ) 6 55 A5 R A
TEAN 3 R B8 55 R AR R AR B BT R . PE-10 4 (Y
oF I A B 5 s B 4% PE-6 PE-8 £ 5 A Bt 81 FF , {H i
& T PE-4 ¥ i, Ut B Pickering JL ¥ i1 & 7
H v AT /NI S A TR BB S R, T TR S B
BRI 25 R 21 5 2 )3 201 . 47 |, Pickering
FUIR A 0 o A 2 R i R B I 2T O S B AR A
U A SR AR R T T B i B A R . & R

[ R
150 8¢ 20p B 010
YN
— WA
120 16F B {0.08
of .
< z
1 90 MIZ‘ 40.06 Z
3%2 ’§ 4+ @ }i
® 60} = st {0.04 =
B {0.02
ob ol

= RER UAN UES HES BE)
PE-2 PE-4 PE-6 PE-8PE-10
> 1

B i
B 8 Pickering $Lik /i & 5 H 3T & T 47 6P 4% S ) 45 M B9 RS ol
Fig. 8 Effects of Pickering emulsion mass fraction on the

textural properties of the freeze-dried printed samples

BE3I6HI 2026 7 A | ERE5EYMBARFER

I Pickering FLEA R T T% 1k 46 14 5 56 22 L 52 7 W] Jo
B B T X 4%, 1T Pickering FLRT & 2 F0d &
SRR G B3 — M SRR AR e . 7R A
FLEAE T PE-4 ¥R 4T EVRE il 1R 00 A R AR B AR o
2.7 Pickering ZLiBRE D BT FEFITENH REE T

veR:0pA

Pickering 7L ¥ 5 & 73 HOM VR T 47 EDAE 5 1) Jk
B H A R ER o, WK 3. Hr PE-4FE MK
AR 8 AR R T I8 2 % TR AR A5 4 3 i
SR 3 T AR RE A, T PE-10 A a1 R 4 B
ik BRI F . FE 510284 8B & 7 BE Pickering
FUB B & B T 2T 5 BRI E S, &
BH o 2 43 00 AE B I Y L IR B0 v 3 A A
T RE SR R BT AR AR S5 R K,
PE-4 FF il VF 73 B =1, 41 BV 36 B 56 % R0 BRI M IR
TG B R R PE2 FE T K, FESH
B A 2 H 5% PE-8 . PE-10 £ Sy AN WA 2 NI, 5
HIDGR ERB T LB K. BFETSE R
7R, PE-4 FF 5 VF 4 B & 5 UE SE 98 D& & Pickering
FLVR AT A RHE THRE 5 BE 3 T A £ U O
Pickering FL ¥ i & 47 % (A i B 65 RF AIE 1Y
58, (LR A 8 T R 1 T B, AT B IR TR i AR
WAL . R VE 2 25 R R 7R, PE-4 FF i XUBK B
WA B A T v BT A3 BBORE B P 43 B BRI, X
pol 22 A W o = S U =T i SR U S R (B
S, B IR R KUK P i . 1RV o 45 R BOR
PE-4 FF (45 43 B i, FF ool £ 9K J A MEL Vg J A 2 A
P 7 T R LA s PE-8 \PE-10 FE i 15 20 54K
Ut B Pickering FL K it & 4 HOd w5 2 5 BOFF o i Hh
FABL, BAA DR AR E TR, 2L, ANEE
Pickering F. ¥ 7] A R 2038 VR T F1 BDAE i 11 41 0K
B R R TR, S 3 R R A 2R A R
Ji 5 1M Pickering L i & 4r O AL B =, & A
) 72 b B ARG R o R R B 2k

#3 Pickering ILRRE S B HRBEREIT A

Table 3  Effects of Pickering emulsion mass fraction on the sensory scores of the samples

FE i NIV 1y /5y PR AT 53 /55 50/ 5y JSY iy

PE-2 11.15+0.49¢ 14.10+0.57° 16.50+0.42° 22.05+0.78° 63.80+0.71¢
PE-4 24.65+0.21° 19.05+0.35" 19.30+0.28" 34.15+0.49° 97.15+0.35°
PE-6 20.20+0.42° 17.15+0.49° 17.95+0.21° 31.25+0.49° 86.55+1.63"
PE-8 16.90+0.57° 14.80+0.42° 14.15+0.49¢ 27.00+0.28° 72.85+0.07°
PE-10 13.05+1.06° 12.85+0.49¢ 11.00+0.28° 24.05+0.35¢ 60.95+1.20°

TR BAS [F) /N5 7 BE R R 41 1) 22 57 W 35 (P<0.05) 6
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Fig. 9 Printing performance of PE-4 for complex cultural and creative patterns
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