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Abstract: Three-dimensional (3D) printing is an excellent technology for creating food products of
any shape and dimension, with desired flavors and nutritional compositions. This study aimed to
evaluate the effect of apricot pulp content on the stability and printability of bovine gelatin gels.
Brix, pH, Texture Profile Analysis (TPA) and image analysis after 3D printing were measured. Bo-
vine gelatin gels (5%) were formulated with different concentrations of apricot pulp (30%, 50%, and
70%), and cylinders of 3 cm in diameter and 1 cm in height were printed. An increase in firmness of
the printed gel was observed with the rise in the pulp concentration. Concerning image analysis, it
was observed that as the concentration of apricot pulp (AP) in the samples increased, there was
minor deformation of the height dimension. There were no significant differences (p > 0.05) in pieces
for the cylinder area, and all presented a 12% area deformation. From the results obtained, it can be
said that the 70% apricot pulp sample has the best texture profile and is the sample with the slightest

deformation.
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1. Introduction

According to the World Health Organization (WHO), it is recommended to consume
at least 400 g per day of fruits and vegetables for a healthy diet, but this average consump-
tion is only two-thirds of the minimum recommended amounts of fruits and vegetables
[1]. Daily consumption of fruits and vegetables protects against chronic diseases thanks to
their content of vitamins, antioxidants, sugars, minerals, and bioactive compounds, and
helps us to maintain a high quality of life [2,3]. In this scenario, a novel technology in the
food sector, such as 3D printing, could play an important role in developing formulations
containing fruits and vegetables, increasing their consumption, and promoting healthy
habits.

3D printing allows the development of complex shapes by layer-by-layer deposition
of extruded material through a nozzle [4]. This technology has great benefits such as the
customization of products according to consumer needs, the creation of different struc-
tures, the use of alternative nutrient sources, or the reduction of food waste [5]. To carry
out 3D printing, food materials must be printable and extruded through the nozzle. Fruit
and vegetable purees are materials that cannot be extruded in their raw form but need the
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addition of other materials such as hydrocolloids [5-7]. These polymers are used to
thicken or gel aqueous solutions and could improve flow properties suitable for printing
with just a small amount [8]. Gelatin is a natural polymer notable for its gelling properties,
glossy and clear appearance, and clean flavor profile that melts in the mouth. This hydro-
colloid could be of interest in preparing fruit hydrogels [9,10].

The main objective of this study is to evaluate the effect of apricot pulp content on
the printability and stability of bovine gelatin gels. More specifically, the printability of
apricot gel was evaluated in dimensional terms (area and height) in cylinders of 3 cm in
diameter and 1 cm in height, and the stability was evaluated through Texture Profile Anal-
ysis (TPA).

2. Materials and Methods
2.1. Raw Materials

Bovine gelatin was supplied by Sosa Ingredientes S.L. (Barcelona, Spain) and apricot
pulp was supplied by Jumel Alimentaria S.A. (L’ Alqueria de la Comtessa, Spain).

2.2. Apricot Gel Preparation

Gels were formulated with 5% bovine gelatin (220 BLOOM) with different concen-
trations of apricot pulp, 30%, 50%, and 70%. The bovine gelatin was dissolved in mineral
water at 60 °C. It was allowed to cool to 35 °C and the apricot pulp was added. It was
stirred until homogenized, and 40 mL of the mixture was added in 100 mL syringes. The
gels were refrigerated at 4 °C for 40 min. After this time, they were tempered until reach-
ing 25 °C.

2.3. 3D Printing Process

A commercial 3D printer (BCN 3D+, BCN3D Technologies, Barcelona, Spain)
equipped with a pasta extruder nozzle designed for food materials (BCN3D Technologies,
Barcelona, Spain) was used for printing gels. The 3D printing system consisted of an ex-
trusion system (syringe plus pump) and an X-Y-Z positioning system using stepper mo-
tors. Printing assays were carried out at room temperature. A cylinder (3 cm in diameter
and 1 cm in height) was designed using Thinkercad (Thinkercad, free software, Autodesk,
Inc., San Rafael, CA, USA). Once the figure is modeled, the Slic3r program (Slic3r, free
software, developed by Alessandro Ranellucci) will be used to configure the printing pa-
rameters: nozzle speed 20 mm/s, layer height 1.63 mm, and 100% rectilinear infill. A noz-
zle diameter of 1.63 mm was used to print all samples.

2.4. Analysis
2.4.1. Physicochemical Analysis

Brix and pH were evaluated for apricot pulp and gels. The soluble solids content,
expressed as ° Brix, was measured with a PAL-1 pocket digital refractometer (ATAGO
CO., LTD, Tokyo, Japan). The pH values were measured with a HI99163 pH meter (Hanna
Instruments Inc., Woonsocket, RI, USA).

2.4.2. Image Analysis

Pictures were taken of the top and lateral view of each cylinder just printed apricot
gel. These images were processed in the Image] program (Image], NIH, Washing-ton, DC,
USA) to determine the figure evolution. The base area of the figure was measured in the
top view images and the height was measured in the side view images as shown in Figure
1. Differences between printed and tar-get figures were calculated as a metric of variation
of each dimension.
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Figure 1. (a) Cylinder base area; (b) Cylinder height.

2.4.3. Textural Characterization

TPA was performed on cylinders of apricot pulp after 3D printing using a
TA XT.plus texturometer (Stable Micro Systems, Godalming, Surrey, UK). The TPA was
executed with a cylindrical aluminum probe (4 cm in diameter) using a 50 kg load cell.
The texture analysis was performed with double compression with a speed of 0.5 mm/s,
with a rest period of 5 s between cycles and the deformation was 40% of the original
length. The parameters hardness, adhesiveness, cohesiveness, springiness, gumminess,
and resilience were extracted using the Texture Exponent 32 program (Stable Micro Sys-
tems, Godalming, Surrey, UK). All samples were measured in triplicate.

2.4.4. Statistical Analysis

An analysis of variance (ANOVA), with a confidence 95% level (p <0.05), by the Stat-
graphics Centurion XVIII Software, version 18.1.13, was applied to evaluate the differ-
ences between apricot gels. Correlations between physicochemical parameters (“Brix and
pH), textural properties (hardness, adhesiveness, cohesiveness, springiness, gumminess,
and resilience), and area and height deviations, with a significance level of 95% were stud-
ied using Pearson’s coefficient.

3. Results and Discussion
3.1. Physicochemical Analysis

The ° Brix and pH of apricot pulp (AP) showed values of 10.68 + 0.09 and 3.60 + 0.02,
respectively.

Table 1 shows that the greater the concentration of apricot pulp, the higher the solu-
ble solids content and the lower the pH values. Thus, apricot gel 70% (AG70%) showed °
Brix and pH values more similar to those of apricot pulp, due to the higher concentration
of apricot pulp in the samples.

Table 1. Mean values (and standard deviations) of ~ Brix and pH of apricot gel.

Sample ° Brix pH
AG30% 87+(02)¢ 4.457 + (0.006)
AG50% 114+ (0.3)® 4.21(0.02)®
AG70% 14.5+(0.3) 4.013 + (0.006) ©

* The letters (a—c = in columns indicate the homogeneous groups according to ANOVA (p < 0.05).
(AP, apricot pulp; AG30%, apricot gel with 30% of apricot pulp; AG50%, apricot gel with 50% of
apricot pulp; AG70%, apricot gel with 70% of apricot pulp).
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3.2. Image Analysis

In food 3D printing, printability is one of the most important concepts to keep in
mind. Printability is defined as the successful printing of the material by the printer while
maintaining the structural integrity and shape of the printed object [11]. Therefore, image
analysis was carried out to find out the exact reproduction of the desired shape by the 3D
printer and the gel’s ability for self-supporting layers. The parameters measured for the
cylindrical shape were the area and height just after printing.

Figure 2a shows the percent deviations (%) of the samples in height. Significant dif-
ferences (p < 0.05) were observed among the three samples, with a greater deformation of
the height dimension as the %AP decreased. Therefore, the sample AG70% presented a
lower deformation of the height dimension. The increased concentration of apricot pulp
in the samples resulted in higher sugar and fiber content, and therefore, lead to higher
shape stability as it enhanced the ordered conformational bonds in the gelatin gels [12]
and also provided a higher definition of the printing lines as can be seen in Figure 3. Figure
2b illustrates the percentage deviation (%) of the gels in the area. For this parameter, no
significant differences (p > 0.05) were found between the samples, all presenting a devia-
tion of around 12%.
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Figure 2. (a) Deviations of the height parameter of the samples; (b) Deviations of the area parameter
of the sample (30: 30% of apricot pulp content; 50: 50% of apricot pulp content; 70: 70% of apricot
pulp content). Letters (a—c) indicate homogeneous groups according to ANOVA (p <0.05).

Sample Top view Side view
AG50% . =
|  e—

Figure 3. 3D printed samples top and side view just after printing. (AG30%, apricot gel with 30% of
apricot pulp; AG50%, apricot gel with 50% of apricot pulp; AG70%, apricot gel with 70% of apricot
pulp).
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3.3. Textural Characterization

Food texture is a physical property that is associated with the sensory characteristics
and structure of food [11]. Therefore, a TPA test was carried out to evaluate the texture of
apricot gel samples.

Table 2 shows the different TPA test parameters of the different samples. The sample
AG70% needs the highest force to be deformed, followed by the sample AG50%. Increas-
ing the AP content in the gels caused an increase in hardness, helping to maintain a better
structure of the printed sample. In addition, sample AG70% presented higher adhesive-
ness, with no significant differences (p > 0.05) between the other two samples. With respect
to the cohesiveness parameter, there are no significant differences (p > 0.05) between the
samples.

Elasticity is the parameter that indicates a material’s capacity to return to its original
shape after applying a deformation [13,14]. Only significant differences (p < 0.05) with the
sample AG50%, presenting a higher elasticity than the rest were observed. In terms of
gumminess, AG70% and AG50% are the samples with the highest gumminess, with val-
ues of 1.06 N and 1.2 N respectively. Finally, the samples that presented the highest resil-
ience values were AG30% and AG50%, which took the least time to recover their initial
state over time.

Table 2. TPA test parameters.

Sample H (N) A (N-s) C S G (N) R
AG30% 1.04 +0.09 « -0.45+0.07 2 0.78+0.022 0.878+0.015> 0.83+0.06° 0.46 +0.03 2
AG50% 1.39+0.16° -0.3876 +0.1016 2 0.758 £0.018 >  0.91+0.03 = 1.06+0.14> 0.442+0.0162
AG70% 1.73+£0.152 -0.71+£0.16 " 0.74+0.06® 0.88+0.02" 1.2+0.22 0.37+0.03 "

The letters (a—c = in columns indicate the homogeneous groups according to ANOVA (p <0.05). (H,
hardness; A, adhesiveness; C, cohesiveness; S, springiness; G, gummies; R, resilience; AG30%, apri-
cot gel with 30% of apricot pulp; AG50%, apricot gel with 50% of apricot pulp; AG70%, apricot gel
with 70% of apricot pulp).

3.4. Correlation Analysis

To explain the relationships of the parameters studied in this work, Pearson correla-
tion statistical analyses were performed. The * Brix showed a significant and positive cor-
relation with the hardness parameter (0.9359, p < 0.05). The pH also showed a significant
but negative correlation with hardness (—0.9053, p < 0.05). Deviation in height showed sig-
nificant positive correlations with pH (0.9755, p <0.05), adhesiveness (0.6759, p <0.05), and
resilience (0.6807, p < 0.05). It also presented negative correlations with °Brix (—0.9867, p <
0.05), hardness (-0.9345, p < 0.05) and gumminess (-0.7623, p < 0.05).

An increase in the * Brix of the gels means an increase in the stability of the figure, as
well as in its firmness. Sugars help to stabilize the gelatin gel configuration, thus stabiliz-
ing the final product [12]. A decrease in pH will be associated with an increase in hardness
and a decrease in height deviation. Gelatin has an isoelectric point between 5.0 and 9.0,
when the pH is far from the isoelectric point the gel structure is stronger and more stable
[15,16].

4. Conclusions

In this study, adding apricot pulp to the bovine gelatin formulations resulted in dif-
ferences between samples. As the pulp concentration in the gels increased, the Brix and
pH were similar to the apricot pulp values. The samples with the least deviations concern-
ing height were the AG70% samples, the ones with the best structural stability. The
AG70% samples were also the ones with the best firmness, but not the most elastic. There-
fore, the higher the concentration of apricot pulp in the gelatin gels, the greater the in-
crease in soluble solids content and therefore the greater the structural stability and firm-
ness of the sample.
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