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[ Abstract] Objective To experimentally validate the effects of a self-developed heat-stable thickening agent on
the textual characteristics of enteral nutrition solutions of standard concentration and its applicability in improving
dysphagia. Methods A gradient of different doses of the self-developed thickening agent (1.0 g, 1.5 g, 2.0 g, 2.5 g, and
3.0 g) and three commonly used commercial thickeners were mixed with 23.391 g of a complete nutrition formula powder
dissolved in 85 mL of purified water to prepare 100 mL standard concentration nutrition solutions. The textual
parameters (cohesiveness, viscosity, thickness, and hardness) of these nutrition solutions were measured using a texture
analyzer at various temperature gradients (20 °C, 40 °C, 60 °C, and 80 “C) to compare their thermal stability. A dysphagia
rat model was created via epiglottectomy to explore the effects of the thickener on lung tissue damage scores and levels of
inflammatory markers. The rats were divided into a test intervention group, a positive control group, a negative control
group, and a blank control group (no surgery and normal feeding after fasting for one day), with 15 rats in each group.
After fasting for one day post-surgery, the test intervention group was fed with the standard concentration nutrition
solution thickened with the self-developed thickener, while the positive control group was given a standard concentration
nutrition solution thickened with product 3, and the negative control group was fed a normal diet. All groups were fed for
two weeks with food dyed with food-grade green dye. General conditions, body mass, and food intake were observed and

recorded. After two weeks, abdominal aorta blood was collected, and heart, liver, spleen, lung, and kidney tissues were
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harvested and weighed to calculate the lung tissue organ coefficient. The organ conditions were evaluated using routine
H&E staining, and lung damage was semi-quantitatively analyzed based on the Mikawa scoring criteria. Blood
supernatants were collected to measure the total serum protein and albumin levels to determine the nutritional status of
the rats. The expression of IL-6 and TNF-« genes in lung tissues was measured by RT-qPCR. IL-6 and TNF-a protein
expression levels in lung tissues, lung tissue homogenate, and serum were measured by ELISA. The aspiration incidence
rate was calculated. Results Within the dosage range of 1.0 g to 3.0 g, the self-developed thickener in the test samples
exhibited superior thermal stability in cohesiveness compared to the three commercially available thickeners, with a
statistically significant difference (P<0.01). The differences in the thermal stability of viscosity and hardness between the
self-developed thickener and the three commercially available thickeners were not statistically significant. The viscosity
stability was optimal for the self-developed thickener, followed by the commercially available thickeners 1 and 3, with
thickeners 2 being the least stable, though the differences were not statistically significant (P>0.05). Product 1 showed the
best thermal stability in thickness, followed by the self-developed thickener and product 2, while the product 3 exhibited
the worst performance, with the difference being statistically significant (P<0.01). The self-developed thickener had the
best thermal stability in hardness at temperatures ranging from 20°C to 80 °C, followed by products 1 and 2, with product
3 being the least stable. However, the differences were not statistically significant (P>0.05). Animal experiment results
indicated that the body weight gain in the positive control group and the test intervention group was lower than that in
the blank and negative control groups (P<0.01). The spleen coefficient of the intervention group was lower than that of the
positive control group and the blank control group (P<0.01), while the heart, liver, and kidney coefficients were lower
than those of the blank control group (P<0.01). The differences in the lung coefficient of the intervention group and those
of the other three groups were no statistically significant. Levels of TP and ALB in the test intervention group, the positive
control group, and the negative control group were all lower than those in the blank control group, with statistically
significant differences (P<0.01). ELISA results showed that serum IL-6 levels in the blank and test intervention groups
were lower than those in the negative and positive control groups (P<0.05), while the difference in the other indicators
across the four groups were not statistically significant (P>0.05). There were no statistically significant differences among
the four groups in terms of lung tissue damage pathology scores, or in the levels of IL-6 and TNF-« gene expression in
lung tissues. The aspiration incidence rate was 0% in all groups. Conclusion  The self-developed enteral nutrition
thickening agent demonstrated excellent thermal stability and swallowing safety. Further research to explore its
application in patients with dysphagia is warranted.
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Table1 Comparison of commercially available thickeners

Commercial product Main Ingredients

Usage Instructions

Product 1 Maltodextrin and xanthan gum
Product 2 Guar gum and tapioca starch
Product 3 Hydroxypropyl distarch phosphate (modified

corn starch)

Stage I, I, and Il dosage: 1.0 g,2.0g,and3.0g

Thin, medium, and thick consistency dosage: 0.7 g,1.2¢g,1.7 g

Slight, light, medium, and thick consistency dosage: 1.02 g, 2.04 g, 3.06 g, 4.08 g
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Table 2 Thermal stability of cohesiveness, viscosity, thickness, and hardness of each test sample at different temperatures

Pair, (Pair,%)/pair (%)

Group Pair,/pair

Cohesiveness” Viscosity Consistency” Hardness
Test sample 30 0(0) 4(13.3) 4(13.3) 4(13.3)
Commercial product 1 18 3(16.7) 3(16.7) 0(0) 5(27.8)
Commercial product 2 18 5(27.8)" 7 (38.9)" 7 (38.9)" 6(33.3)"
Commercial product 3 24 7(292) 9(37.5)" 12 (50.0)" 11 (45.8)°

In this study, the cohesion index of the same sample under 2 certain temperatures (i.e., 1 temperature pair) was analyzed by variance. If the difference is
statistically significant (i.e., P<0.05), then this temperature pair (Pair,) show a significant difference in the cohesion of the sample at these two temperatures (for
example, if there is a statistically significant difference in the cohesion of commercial product 1 at 20 °C and 40 °C, this is considered "1 pair" of significant
difference). Conversely, if the difference is not statistically significant (i.e. P>0.05), the temperature pair (Pair,) indicates that there is no significant difference in
sample cohesion at the two temperatures. The sum of the number of Pair, and the number of Pair, is the total temperature logarithm (Pair,). By calculating the
proportion of Pair, to Pair, (Pair,%), the thermal stability of sample cohesion can be assessed. The higher the Pair,%, the worse the thermal stability of the
sample cohesion. This method allows the comparison of the cohesiveness between samples at different dose gradients and commercially available products at
various stages by ANOVA. The evaluation methods for viscosity, consistency, and hardness are similar. The higher Pair,% is, the worse the thermal stability of
viscosity, consistency, and hardness are.” Data pairs showing statistically significant differences in ANOVA analysis.” P<0.01 among the groups (Chi-square test).
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Fig 1 Changes in body mass gain, organ coefficient, nutrition, lung tissue injury, and H&E staining results of lung tissues in rats fed with thickened

nutrient solution for 2 weeks

" P<0.05, HP<0401, vs. blank control group; * P<0.05," P<0.01, vs. negative control group; 5 p<0.01, vs. positive control group. n=14 in the positive control group and

the test Intervention group and n=15 in the blank control group and the negative control group.
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n=14 in the positive control group and the test Intervention group and

n=15 in the blank control group and the negative control group.
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Table 3 Expression of IL-6 and TNF-a proteins in lung tissue homogenate and serum in rats fed with thickened nutrient solution for 2 weeks

Index Blank control group (n=15)  Negative control group (n=15)  Positive control group (n=14)  Test intervention group (n=14)
Lung tissue
IL-6/(pg/mg) 15.85+4.03 18.48+4.75 18.24+7.44 17.2646.53
TNE-a/(pg/mg) 39.83+9.32 41.60+10.58 40.87+10.51 40.54+17.21
Serum
IL-6/(pg/mL) 21.7246.03 27.6917.69° 27.41£2.45° 21.61£7.29"°
TNF-a/(pg/mL) 86.32+18.79 94.04+18.74 87.30+26.40 88.82+28.17

" P<0.05, vs. blank control group; * P<0.05, vs. negative control group; * P<0.05, vs. positive control group.
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Fig 3 Postoperative lung tissue staining in rats fed with thickened nutrient solution for 2 weeks
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