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Abstract: In order to develop nutrient rich personalized food, the effects of different guar gum concentrations on
rheological, gelation, 3D printing, microstructural properties and functional groups of purple sweet potato gels were
explored by rheological analysis, scanning electron microscopy and Fourier transform infrared spectroscopy. The results
showed that apparent viscosity, storage modulus, loss modulus, L*, gumminess and chewiness of purple sweet potato gels
increased, the micro pore size decreased, and the gel network structure was denser with the increase of guar gum
concentration. The water holding capacity of purple sweet potato gels was 80.49% and the gel strength was 72.67 g when
guar gum concentration was 1.6%. The addition of guar gum significantly improved 3D printability of purple sweet potato
gels. When guar gum was added at 1.2% and 1.6%, 3D printed purple sweet potato gels had good formability, the average
accuracy deviation was less than 1%, and the stability deviation was less than 5% after 6 hours of storage. The addition of
guar gum would not produce new functional groups in 3D printed purple sweet potato gels, but mainly strengthened
interactions of CH, bonds and O-H bonds. This study provided a theoretical basis for the development of 3D printing of
plant-based ingredients, which was very important for the personalization of functional foods.

Key words: purple sweet potato; guar gum; 3D printing; gel properties; microstructure

RS EHEE: 20230222
HETH: “twiZ " BRELSAAFRAB (2022YFF1102000 ) ; B R i AL FFA5 5408 (32102001)
TEBEIN: BE (1998-) , B, MEHR A, B 61 Rk TE SR PA4%, E-mail: caileiaomori@]163.com.,
*EEEE: BF (1987-) , 4, W&, BEHE R, AR @: R#Fm L5 &R, E-mail: fljaas@126.com,

X4 (1976—) , 4, ¥, B R, AR @: R LY & 4, E-mail: lidajing@163.com.,


https://doi.org/10.13386/j.issn1002-0306.2023020220
https://doi.org/10.13386/j.issn1002-0306.2023020220
https://doi.org/10.13386/j.issn1002-0306.2023020220
mailto:caileiaomori@163.com
mailto:lidajing@163.com

544 5 21 ) %, % IUR

SISO SRR 3D FTENRHAE RS S 11 -

3D FTER N FRMGAA il 1, J&—Fhil o B E U
Rk A Py R F e 45 A BT AR, 3D FTENE IR
HELTF 20 Hh4d 80 4FAR, ZEib LU -4, B
R FALAR S Y7 DA s iR, R T
A B T AR R AR A4, &5, 3D FTED
FoARE B i1 2 = e A B i . B dil- PRI SR
R R SN T e VA M W ST e S S S w1
FEGEe B HAT 1k, W E AR IR IG5
71 RZEAE IR E AT TR, 3D FTEN. A
PEEM N HE S ATy H B A RIFAYaT$TED
PETTRE 72 R T E5S 3D FTEN, Anfi (BEK | 3%
KAF G REERANFEZE) T B AL KT 5y
B RN RO s RO R TORE AR Th4s
2O AR AR

VEEAER— 4 A s AR A A Y, H 55 (po-
moea batatas L. Lam) ANMUEEZ AL B FIERMEY),
WRAT. H Tk BraglE S il E 22544,
WS SrEn . IEEards v K h R £
Wy . Al Z AN A IR U, SR S H N —
B, RIS IR E W AT TERSZ KR E % . SEAAEE R
HAy R A tEohge, andrsfe . 3R . 1R
P RGEANFNE . BEARIMAR R . TH5TFREH,
LR A A SR ANAN AT AR BR SR A IR B 3R R
F1E%, 1 A2 A SR 5y DR AR AT SR, T PR
3D FTEpUE

BRI, RS e B4S 3D FTENEIEARAY BT VI
AT, (HFTERL S i EE A B TRl 1Y) B S e
FARLS NI E . B iR BAARVE AT e
FESE RN V2 TR T, AR,
IKIARREMS i A L R TEDPERE. Huang
ZELON G g 2R B, U TINSE K ISR REAE B AE RE K B AR
R BTG REE, L s I RS IR SRS AR
HA BRI TEIERE . TR G IE—FE L H R R
¥, BB B-(1,4)-D-H @It F4555 a-(1,6)-D-2
FUBE A CAOMIGE R A Y. TR SR a b2
LEMIPLE T HEAA BRI K L R EE AR P LA
RIFZEHAM: . BRI, TR S E A B e & s p
HHETZHNH eah, B TIRR G E SRS
BT YE, RS VRN B % sl . BRI MLIE AR R . REAIG
IR SR FIREAIR AR IESF R . RTI, JIIR SR 58 S8
Ji& 3D FTENGEE T i g4/ PRk, ASBF IR P4
TIRIR SN 2 BRI i AR e |« BEICREYE L 3D 4T
B4 | OIS H4) B B RE TSR, LA A P 3 4
TE A A s i it -t v S8 ™ W I SR I, AL
PR EM T 3D FTERERAEESAR P .

1 MRlEREE
1.1 #MRI5SEE

IRy BN XM R RIS B AR
"l JNORERE Ariral, it A REE RS o

FOODBOT-D1 Z £ 4 3D FTERHL B & ED

FHEABRA ] HR10 BIFAMYL EE TA {ERAAFR
O3] CT3 BUBTAMY SEEER A PR F]; CM-700d
RIta22{Y  HARMJEREHEIEAFE]; EVO-LS10 %4
iR fEEROR 2RI AN E] Z2X-27 1Y
(B AR LT AR 7EE] Bruker 23 H] S
1.2 SLWHE
1.2.1 FEEHAE  ARPE A ST AR a0 S R A T
BIFES G AT T SC S, Sy 5 R BT oK EL 1:5(w/
w) LLIITRAE, A 0.0%. 0.4%. 0.8%. 1.2%. 1.6%(w/
w) IR GBS, A HERE 10 min, ¥ T (85+0.5) °C /K
W 30 mine AR IEHAR] PR EEE 35 LLBY 1R 7K
S . Bn, BHRGYIAE 4 °C T ERE 4 h DA
TE B
1.2.2 PeARREEII R 38 e A A A a5 SR A 11
TARRRE . 1R 40 mm A TR A A e B, [A] R
1000 pmo )& B ZE AT AR 9 3 5 R PR — s B i ik
W, LB IE AR GrZ8 % o i Seimad PRimd i e B4k
PEARG SR X I, DA CRAE I LR R X N . s
ASIISE : 76 1~200 s BYPIER R34, a2 SR8t
BEFIZEMERERE . {di ] Power law AR PEHEHA TS S

=k(p)" 2 (D

o ¢ S SRUKL BE, Pa; k S HA B R 4K, Pas™
y NBIPIER, s n s T NFEE.

BHASEEME . FENAE N 0.1%, FRILE N 1~
100 rad/s | ) 2 55 5 R A ) s AR B (G L PAEASS
B (G") FRFER T (tan=G"/G") -
1.2.3 FpkMEME =% Tang S5 #0977k 3¢
TR K 1 g SRR FHUE A, BT 50 mL
B, IRFE 5000 r/min 1 4 °C R 85,0 15 min.
U ) SRR, IO SR B LU L I T . FF
Vi ez A wa e

T?TWK‘Ti(%):%XIOO W @)

o m AR BT, g5 m, S ESONET SOV
TEACFIRE S BB TR, g5 my, SO B0 FITE LR
PR, g
1.2.4 BERGREME 2% Liang 580 §iiR 09 )7k
TR RE 5 EE e AR, il B 4y
HTASCM S e . IS EK: TAS [FIFETESK, &
5 TEAR R 50%, ik )1 5 g, PR 1 mm/s. 34
I AR R B R T e SOREEE SR
1.2.5 OFEMNE  FHHFRR 220005088 2B
MO . SRS BRI MBI (AR IE N =D Tl s, Bl
L*(GERE) | a" (Ltt/aga) Fl b (B A/ d5(0) . B2s
(AE)THHEAANT:

AE=Li—LY +(ay-ay+b,—b)y 3 (3

XH: L, o N by oS HARSL AR E, L, o™ N
b ISR SRR Sl 04 0 B




<12 - £ Tl B4

2023 4F 11 H

1.2.6 3D FTEN A7 15 mmx15 mmx10 mm( K x
Y <5 ) PO ST T AR, IGHR = 2 IR N 100%,
NZFITR)ZEFEE TN 50%, BEL EAA A 0.84 mm,
FTEREE N 15 mmy/s, FTERIRJE N 25 °C,

1.2.7 ¥EHMEE LA ENE SRR MRS TEN S A
i AR AT B, T AT T EVRE s S A 2 TR ) 2=
AT . TR

S,-T
E="1x100 7 (4
1
S,—-T
E,= ——"x100 2 5
T,
E—E;a % (6)

2 B, 1B, S SR R A0 s B AR X e 25
%s; S, FIT Sy, 43 3 R T EN 5 AR & 18 1 FN s 2, mm;
T, A1 Ty, 535 AR s s B B 8 ML, mm; B, J2:
TR TR i B AR 2 A P E R ARS8 32, %o

FaoE e FITENE R R 4 °C VKFEIRAT, 57
HIFE 1. 2.3, 4.5, 6 h JFiNEFEF RS, 1T
PRI IR ZE I T T BN e T .
1.2.8 kgl A AT TN JS AR S EA T
ARG HT o S5 s A5 2 H AR 1 7 01 A Al
M, SEOEE: TA4/1000 [FHFEHSK, K45 LA 30%,
M 1 mmys, bk 1o 5 go IESEREEE, R,
PIERPE, B3, e, PR .
1.2.9 OWRZEAIEE S Eik S $#R 0 o
FEVEME M. KRS TEDRE B2 R T8, SR
AMEETE 10 KV RIS 300 135 WAL bR T T B 13
SRZEAA
1.2.10 ‘EREMIMIE  FIHE RS L T AN GRS RS
An TR BRI E . AR S AR ik, R
R T e R L B A A0y L 100 H i85 HH, A
HL AR 2T ARG TE 4000~500 ecm™' FUIEEC T 4
i, EHE 32, TR OMNIC 9.2 #4EXT R AR %K
a4 T [ ShIELRAE v S S-S54 7
1.3 B

JITA S T A IR, G S DL B E R E 25 R
Ro iBaT SPSS 26.0 FRAFXSEHE AT R R 2 Ty 25570
M, KA Duncan K517 B 2 PESAT, B3RS
b P<0.05. {fiff Origin Pro 9.8 /£,
2 HBRESH
2.1 J/REBFTERERRR T A2

AR R TR B AL 3D FTENE Ry B2
4. WA 3D FTENR B S M RN 12 HLAS 3 H Y 3R
KGR, B2 OURE BE N 122 2 A I DT (e A4 LT B
H, I HUR S LAFEMP RS M TR ReoE ™. &l 1A
JIT7AN, S8 SRR I 1 2 UL B2 i 25 BY DT 3 (A 1 I T e
fIG, IX R £ R i R LR (BB E LA . 5o ke
i EE, WK 2R T8 114 55 S5 e ELAG B v ) 00

B, HLAUURE L BERE TTUR SRS AR T BB i g v o
WF5EERWI, 3D FTERST R MR XS A4 b hn 5y 41 7
AR, PR ST DI AR E 2 S B )
anze 1 P, n<1 USRI HL A LA 55 UG 1k
1720, X RSB BBV N H T 3D fTENZ A 1tk
Hb, BRRE FR L & BEAE TR SR ES & B B i AL,
PE— UL S INTUR SR REAS HE o 55 B BEI i 2R W

A 170§
90}
@ i N
< v
< 30t :
il VoL
£ £ 0.0% I
= - 0.4% : T
®O10F - 0.8% 2T,
©1.2% Palelnn
+ 1.6% P
"
10 30 100 250
TP (1/s)
B 7000 [ = 0.0% v 1.2%
< 0.4% + 1.6% .
£0.8% o
5000 | .
,f.? * * * N
&
i
3000
i=
2000 |
1500 L : :
1 10 100
SR (rad/s)
C 1100
800 | AR v ]
@ . e . 3 v
&
iﬂgﬂ 500 |
o) * 0.0%
55 . . 1 + 0.4%
00p , o+ * £0.8%
t * 1.2%
« 1.6%
200 1 1 1
1 10 100
SRR (rad/s)
D 020 a
N S b
— —
0.16 R
M0.12f
1= 0.08
0.04 |
0.00

0.0 0.4 0.8 1.2 1.6
TR SIS (%)

BT TR R SN I T 5% SR ) it A e
Fig.1 Rheological properties of purple sweet potato gels with
different guar gum concentrations
TE: AWK L B N B BER i ; C W BIAERLEE; D Sy Hiike

AT



544 5 21 ) %, % IUR

SISO SRR 3D FTENRHAE RS S 13-

REEE . RG-SR BUF R A R — 2 TR
IR NLJRERESE i 2 T UM BEIRAAS 2R BOFUUR 2, SX AT fiE
TR GRS FBE EATAE R Rde A 35 KT
Z Al SEREE SR MR R RIS, 5 S TR e il
YR, (A SR FOR BE R T

1 ARUURG AT BB A 2 80
LA HEE ()

Table 1 Consistency index (k) and flow index (n) of purple
sweet potato gels with different guar gum concentrations
TR A (%) k (Pas") n R

0.0 314.80+12.80 —0.83+0.01 0.996

0.4 439.31+20.84 —0.90+0.01 0.997

0.8 572.02431.55 —0.89+0.01 0.996

1.2 700.70+38.70 —0.88+0.01 0.993

1.6 1045.87+87.38 —0.93+0.02 0.988
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Fig.2 Water holding capacity of purple sweet potato gels with
different guar gum concentrations
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Fig.3 Gel strength of purple sweet potato gels with different
guar gum concentrations
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Table 2 Color properties of purple sweet potato gels with
different guar gum concentrations

JIR SRR (%) L a b AE
0.0 29.48+0.21° 8.25+0.18% —5.88+0.09° -
0.4 29.48+1.01° 9.68+0.18" —6.18+0.17¢ 1.68+0.57°
0.8 30.56£0.53° 9.28+0.16° —5.56+0.18° 1.59+0.35°
12 30.57+£0.43% 9.19+0.20™ —5.51+0.13" 1.54+0.29°
1.6 30.86£0.42° 9.05£0.29° —5.38+0.12° 1.71+0.36"

e [RIFNR RIFRE 3R 26 573 .35 (P<0.05) ; 3 [ .
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Fig.4 Images of 3D printed purple sweet potato gels with different guar gum concentrations
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Table 3  Accuracy and stability of 3D printed purple sweet potato gels with different guar gum concentrations

JUR GBEHR N (%) K (%)

FaETE(%)

1h 2h 3h 4h 5h 6h
0.0 2.56+0.38" 5.67+0.41° 7.24+0.33" 8.45+0.20" 9.63+0.70° 10.6120.80° 11.20+0.88"
0.4 1.63+0.58° 3.17+0.40° 4.57+0.19° 5.89+0.53" 7.31£0.53° 8.66+0.44° 9.15+0.39"
0.8 1.04+0.34° 2.75+0.33" 4.19+0.15° 5.50+0.13° 6.05+0.06° 6.53+0.13° 7.05+0.33¢
12 0.81+0.49° 1.97+0.23¢ 2.61+0.35¢ 3.46+0.49° 3.91+0.51¢ 4.13+0.46° 4.66+0.27
1.6 0.82+0.35° 1.4240.21° 2.10+0.34¢ 2.64+0.26° 3.15+0.26¢ 3.55+0.34¢ 3.80+0.19¢
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Table 4 Texture properties of 3D printed purple sweet potato gels with different guar gum concentrations

JUR SN (%) 0.0 0.4 0.8 12 1.6
W (g) 14.00+2.00¢ 15.33+2.31¢ 25.33+1.15¢ 38.00+0.00° 48.00+3.46
#PE (mm) 2.2040.28° 4.7440.12° 5.58+0.35" 6.01+£0.55" 6.03+0.11°
FhitE (mJ) 0.300.10° 0.70:£0.00° 1.27+0.21° 1.40+0.30° 1.83+0.12°
IR 0.72+0.18" 1.12+0.11° 1.26+0.16" 1.33+0.09" 1.33+0.04°
& (g) 11.33+2.08¢ 18.67+1.15° 36.33+5.69° 57.67+4.73° 68.67+5.51°
REAIEE (m)) 0.27+0.06° 0.87+0.06° 2.10+0.46" 3.63+0.78° 4.33+0.21°

TE: FATANR 5 BRI 25 57 .35 (P<0.05) .

0.0% 0.4%
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Fig.5 Microstructure of 3D printed purple sweet potato gels with different guar gum concentrations (300%)
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Fig.6 FTIR spectra of 3D printed purple sweet potato gels with
different guar gum concentrations
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