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The traditional treatment for inflammatory bowel disease (IBD) is often limited by its poor efficacy and high costs. Malnutrition
has been closely linked to the occurrence of IBD. Clinical data have revealed that medicinal food ingredients may be more effective
and safer, and thus, they can be used as an important part of functional foods. As a high-quality drug-food homologous ingredient,
Jiegeng (JG) provides a wide range of pharmacological effects in addition to basic nutrition. In the present study, a functional food
(FF) was developed based on the fermentation broth of JG, combined with four nutritional ingredients: Yimi (YM), Chixiaodou
(CXD), Baibiandou (BBD), and Shanyao (SY). Subsequently, a 3% Dextran Sulfate Sodium Salt (DSS) water-induced mouse
ulcerative colitis (UC) model was established, and the functional validation of the FF was carried out by gavaging the mice with
low and high doses of functional foods (250 mg LFF and 500 mg HFF). The results showed that FF restored the body weight of UC
model mice by 4.250 + 0.250 g, reduced the DAI score by 0.255 + 0.025, restored the colon length by 1.064 + 0.087 cm, and reduced
the spleen index by 0.102 + 0.019. Furthermore, FF decreased the serum concentrations of the inflammatory factors TNF-a, IL-
1/8h, and IL-6, while increasing the concentration of the anti-inflammatory factor IL-10 and alleviating the inflammatory response
in mice. Pathological analysis of the colonic tissue showed that FF restored the structure of the mouse intestine and reduced the
infiltration of inflammatory cells. FF has good stability and is favoured by most people.

1. Introduction

Inflammatory bowel disease (IBD) is a spectrum of chronic
inflammatory diseases of the gastrointestinal tract, including
ulcerative colitis (UC) and Crohn’s disease (CD), as well as
some unspecified forms of IBD [1]. In recent years, IBD has
become a global issue, with problems such as a long course,
difficulty in curing and controlling, an inclination to de-
teriorate, and potential for disability [2]. Current traditional
treatments for IBD offer poor results and a range of side effects,

while antibody drugs tend to be expensive and not covered by
health insurance [3]. According to statistics, IBD affects over 1
million people in the United States [4] and over 2.5 million
people in Europe, with medical costs of 460-560 million Euros
per year [5]. This high prevalence and huge medical burden
have posed an immense strain on human survival and ne-
cessitates a healthier, safer, and sustainable treatment.
Malnutrition in patients with IBD can contribute to
major pathogenic factors, such as impaired epithelial barrier
function, defective bacterial recognition, antigen delivery,
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autophagy, and dysregulated T-cell responses leading to
abnormal innate immune responses [6, 7]. Patients with IBD
typically experience varying degrees of malnutrition during
the early stages of inflammation, which can exacerbate the
condition. Furthermore, the progression of IBD in-
flammation, drug, or surgical treatment can further con-
tribute to malnutrition, and the two interact with each other.
As a result, it is difficult to manage the disease long-term
with conventional IBD therapy [5]. Consequently, diet plays
an essential role in the treatment of IBD as a sustainable
treatment strategy [8-13]. Studies have demonstrated that
a number of medicinal food ingredients have potential
clinical applications in IBD. For example, Ziziphus jujuba
var. spinosa (Bunge) Hu ex H. F. Chow contains sour date
polysaccharide that can enhance intestinal barrier function
and activate AMPK [14]. Fermented Perilla frutescens (L.)
Britt, which contains caffeic acid, rosmarinic acid, lignan,
and apigenin, can inhibit NF-x¥B and STAT3-mediated
proinflammatory signaling pathways and promote Nfr2-
mediated antioxidant defense [15]. In addition, Puerarin
obtained from Radix puerariae lobatae fermentation can
downregulate NF-B and proinflammatory factor secretion,
stimulate the Nrf2 pathway, and alleviate intestinal in-
flammation [16]. Most of the drugs in use for UC patients are
limited to targeting a single protein and often cause adverse
effects. Therefore, medicinal food ingredients can be utilized
as a complementary or alternative therapy for the treatment
of inflammatory diseases due to their multitarget, low-side
effects, and potential to improve patient nutrition.
Functional food (FF) is a type of food with specific
nutritional and health benefits which can reduce the risk of
diseases, in addition to providing essential nutrients. It is
similar in appearance to traditional food and can be included
in a daily diet as a healthy and sustainable option [17-20]. In
recent years, the potential benefits of functional foods on
human health have been explored [21]. Natural functional
nutrients can control proinflammatory cytokines, thus al-
leviating gastrointestinal inflammation [22, 23]. Clinical
trials have demonstrated that, after taking FF as part of a diet
plan, a decrease in inflammatory parameters and prevalence
of gastrointestinal symptoms can be observed [20]. A well-
balanced diet is not only beneficial for the malnutrition
associated with IBD but can also help repair intestinal
damage and maintain a stable condition. In some cases, such
diets may even be used as an alternative to drugs or surgery,
making them an important aspect of the treatment strategy
for IBD, providing advantages to many IBD patients.
Platycodin D can inhibit inflammatory pathways, pro-
mote AMPK expression, and enhance intestinal function
[24]. In our previous study [23], Treatment with the fer-
mentation broth of JG significantly reduced the proportion
of M1-type macrophages and inhibited the expression levels
of NF-kB p65, NLRP3, ASC, and caspase-1 genes and
proteins in the DSS-induced colitis model. This is likely due
to the fact that the development of IBD inflammation is
closely related to malnutrition. In this study, we chose the
fermentation broth of JG as the functional ingredient and
Yimi (YM), Chixiaodou (CXD), Baibiandou (BBD), and
Shanyao (SY) as nutritional ingredients to prepare an FF. We
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investigated the effect of this FF on the DSS-induced acute
UC mouse model, further revealing that JG fermentation
broth alleviated the symptoms of UC mice through the
AMPK/NF-kB/NLRP3 pathway, confirming the anti-
inflammatory effect of FF and its reparative effect on the
intestinal tract. Then, we determined the physico-chemical
properties of FF and performed sensory evaluation of FF.

2. Materials and Methods

2.1. Food Ingredients, Reagents, and Test Kits. YM, CXD,
BBD, and SY were obtained from Jia Qi Tang (Hebei, China),
while vitamin complex powder was purchased from
Hangzhou Minsheng Health Pharmaceutical Co., Ltd
(Shandong, China). DSS was obtained from MP Biomedicals
(California, USA), and ELISA Kkits for the detection of in-
flammatory factors IL-6, IL-15, and TNF-a and anti-
inflammatory factor IL-10 of mouse serum were acquired
from Hangzhou Unitech Biotechnology Co., Ltd. (Zhejiang,
China).

2.2. Preparation of the Fermentation Broth. The fermentation
broth of JG was prepared according to the method of Wang
et al. [23]. Dried JG was ultramicronized into powder.
L. rhamnosus 217-1 was cultured in the MRS liquid medium
at a constant temperature of 37°C overnight. The fermen-
tation medium consisted of 100 mL of water, 0.5g of yeast
powder and 2 g of glucose, and was sterilised at 85°C for
30 min. After cooling, L. rhamnosus 217-1 was inoculated
into the fermentation medium at a ratio of 2% and then
incubated statically at 37°C for 48h. After thorough fer-
mentation, the supernatant was taken and centrifuged at
10 000 rpm for 30 min to remove impurities to obtain the JG
fermentation broth.

2.3. Preparation of the FF. The nutrient content of the four
raw materials (YM, CXD, BBD, and SY) was calculated
according to the Chinese Food Composition Table. The
amounts of these medicinal food ingredients were de-
termined in accordance with the General Rules for Special
Medical Use Formulas (GB 29922-2013). In order to sup-
plement the nutrition of FF, the substances to be added were
identified according to the Food Nutrition Fortification
Standard (GB 14880-2012) and the General Rules for Special
Medical Use Formulas (GB 29922-2013). The 100 g of nu-
trient powder was mixed with 100 mL of the JG fermentation
broth and dried at 55°C until it reached a constant weight.
Finally, the mixture was crushed into powder using a crusher
and stored in a light-proof seal at room temperature.

2.4. Animal Experiments. Six-week-old male C57BL/6]
Kunming mice (No. SCXK (Lu) 20170026) were obtained
from Jinan Pengyue Experimental Animal Breeding Co.,
Ltd. (Shandong, China). The mice were randomly divided
into five groups: blank control group (Normal), model group
(Model), positive control group (Control), low-dose FF
group (LFF), and high-dose FF group (HFF). Each group
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contained 30 mice, which were housed in wire mesh cages to
prevent fecal ingestion in a temperature of 21 +0.5°C and
relative humidity of 55+ 5%. The mice in the model group
resumed normal diet, whereas the mice in the positive
control group were given mesalazine (0.5 g/kg-d). The mice
in the low-dose and high-dose groups were administered FF
by gavage (250 mg and 500 mg, respectively, each day) for
two weeks (0-14 days). During the feeding process, the mice
were weighed at a fixed time every day and the Disease
Activity Index (DAI) scores were assessed daily from the day
before DSS administration until the end of the experiment
(=7 to 14 days). Following the final administration, the mice
were fasted and dehydrated for 12h and then anesthetized
with sodium pentobarbital. Blood was collected from the eye
vein and then centrifuged at 3500r at 4°C for 10 min to
obtain serum, which was stored at —80°C for measurement.
The mice were then euthanized and dissected to obtain
spleens, which were immediately stored at —80°C for further
measurement.

2.5. Disease Activity Index (DAI) Scores. Daily observations
of body mass, fecal traits, and occult blood were conducted
on the mice at fixed times. The severity of the disease was
determined using the criteria outlined in Supplementary
Table 1 to generate a Disease Activity Index (DAI) score.

2.6. Spleen Index. In brief, mice were euthanized by de-
cortication, and the spleen was subsequently immediately
dissected and removed. The tissue was washed with phys-
iological saline solution and blotted with filter paper to
remove residual water. The spleen was then weighed, and the
Spleen Index was calculated using the following formula:

spleen mass (mg)

spleen index =

mouse body weight (g) x 10’ M

2.7. Histopathological Examination. The colonic tissues of
mice used for histopathological examination were imme-
diately washed with PBS and then fixed in 10% neutral
formalin buffer. Following embedment in paraffin, the tissue
was sectioned and dewaxed before being stained with H&E.
Subsequently, the tissue was sealed with neutral gum and
placed under light microscopy to examine pathological
changes based on the method of Erben et al. [25]. The score
was obtained by summing the degree of inflammatory cell
infiltration of intestinal tissue, depth of the lesion, degree of
crypt destruction, and extent of the lesion; the scoring
criteria are provided in Supplementary Table 2.

2.8. Mouse Serum and Assay. The mice blood of each group
was collected by orbital blood sampling and kept at 4°C for
two hours. The samples were then centrifuged at 3500 r/min
for 10 minutes, and the supernatant was placed in the re-
frigerator at —80°C. The levels of TNF-a, IL-1f, IL-6, and
IL-10 in the serum of the mice were assessed using
ELISA Kkits.

2.9. Physico-Chemical Properties of FF. The physical and
chemical properties of FFs largely determine their pro-
ductivity and mass acceptability. Therefore, the solubility,
stability, and pH of FF were evaluated. FF was brewed with
different amounts of hot water to see its solubility, its
pH change was tested by acid-base titration, and its stability
was tested by standing at room temperature for 6 h.

2.10. Sensory Evaluation Methods. As an FF, sensory eval-
uation by the public is crucial. The acceptability of FF was
investigated by randomly inviting 50 people to rate and
assess FF with reference to a 9-point hedonic scale [26, 27].

2.11. Statistical Analysis. Each experiment was repeated
a minimum of three times, and the results were statistically
compared and analyzed using SPSS 26.0 software and
expressed as the mean + standard deviation.

3. Results

3.1. Formulation of the FF. Four drug-food homology
ingredients—YM, CXD, BBD, and SY—were chosen for
preparation of the FF. The energy content and nutrient
content of each 100g of the four ingredients were de-
termined according to the Chinese Food Composition Table,
as shown in Supplementary Table 3. Based on the General
Rules for Special Medical Use Formulas, the dosage of each
ingredient was determined as 22 g of YM, 5.5gof CXD, 11 ¢
of BBD, and 49.5 g of SY per 100 g. In accordance with the
Food Nutrition Fortification Standard and General Rules for
Special Medical Use Formulas, the ingredients and dosage
were chosen to supplement the required nutrition of FF. The
formulation and nutritional composition of the FF are
presented in Tables 1 and 2, respectively.

3.2. Effect of FF on the Body Weight of UC Model Mice.
The UC model mouse was successfully established after one
week of feeding with 3% DSS. Figure 1 showed the change in
body weight of each group of mice at the end of the ex-
periment compared to the beginning. As shown in
Figure 1(b), the mice in the normal, control, low FF (LFF),
and high FF (HFF) groups all experienced an increase in
body weight. The model group, however, still lost an average
of 2.096 £ 0.91 g of total body weight after 14 days of normal
diet following cessation of the DSS. In comparison, the
positive control group gained an average of 5.041 +£0.42g,
the LFF group gained an average of 3.75+0.21g, and the
HFF group gained an average of 4.08+0.076g of body
weight compared to the baseline body weight. Furthermore,
the body weight gain observed in the HFF group was similar
to that of the positive control group and 2.72 times more
than that of the normal group. This suggests that the LFF and
HEFF groups exhibited a significant improvement in weight
loss caused by UG, particularly in the HFF group. In addition
to the therapeutic effects of the JG fermentation broth,
a variety of nutritional components may have also con-
tributed to the regulation of appetite and increased nutrition
to restore body weight.



TasLE 1: Formulation of nutritional components of the FF (100 g).

Ingredients Dosage
Yimi 22g
Chixiaodou 55g
Baibiandou l1g
Shanyao 49.5¢
Whey protein concentrates 11g
Plant menaquinone 4.4ug
Folate 22.2ug
D-biotin 22ug
NaCl 30.332mg
Selenium enriched yeast 1ug
Glucose 0.86¢g
Vitamin complex powder 0.109¢g

TaBLE 2: Nutritional composition of the FF (per 100 g).

Nutrient
Ttems Per 100g reference value (%)
Energy 1201.3k] 14.3
Protein 21.74¢g 36.23
Fat 136¢g 2
Carbohydrates 58g 19.3
Dietary fiber 2717g 10.87
VA 151.43 ugRE 18.93
VD, lug 20
VE 3.303mg 23.59
VB, 0.71mg 50.7
VB, 0.69mg 49.29
VB, 0.05mg 3.57
VB, 0.1ug 417
VC 5mg 5
VK 44ug 5.5
Biotin 2.2ug 7.3
Pantothenic acid 0.5mg 10
Choline 5mg 111
Niacin 2.226 mg 15.9
Folate 22.2ug 5.55
Fe 3.024 mg 20.16
Cu 0.52mg 34.67
Zn 1.09 mg 7.27
Mg 29.86 mg 9.95
Ca 107.61 mg 13.45
Mn 0.61 mg 20.3
K 270.23mg 13.5
p 93.06 mg 13.29
Se 3.7 ug 7.4
Na 83 mg 4.15

3.3. Effect of FF on DAI in UC Model Mice. As illustrated in
Figure 2(a), Dextran Sulfate Sodium (DSS) administration in
mice resulted in weight loss and bloody diarrhea, which are
similar to the clinical features of human ulcerative colitis
(UC). These inflammation-related parameters were mea-
sured to calculate the Disease Activity Index (DAI) score.
After one week of DSS treatment, the DAI score was around
2.2 in all groups of mice, indicating consistent severity of
IBD symptoms. Following the cessation of DSS treatment
and the introduction of drug or fructo-oligosaccharides (FF)
intervention, the DAI score gradually decreased in each

Journal of Food Biochemistry

group. On day 14, the DAI score of the mesalazine-treated
group had decreased to approximately 0.4, which was similar
to that of the high-dose group and slightly higher than that
of the low-dose group (Figure 2(b)). These results indicate
that the administration of FF had a beneficial effect on the
weight loss and blood stool of the DSS-induced UC
model mice.

3.4. Effect of FF on Colonic Length in UC Model Mice. At the
end of the experiment, the mice were dissected in order to
measure their colon length. Figure 3(a) reveals an intuitive
representation of the treatment effect of each group.
Compared to the normal group, the colon length of all other
groups was significantly lower (P <0.01). However, the
colonic length was significantly higher in the mesalazine and
FF-treated groups (P < 0.01) compared to the model group.
The control group had a colon length of 7.460 + 0.26 g, which
was slightly higher than 6.557 + 0.43 g in the LFF group, and
6.733 + 0.48 g in the HFF group. The ability to alleviate colon
shortening in the high-dose group was not significantly
different from that in the low-dose group, indicating a lack
of dose-dependent relationship.

3.5. Effect of FF on the Spleen Index of UC Model Mice.
The spleen is rich in lymphocytes and macrophages, which
are closely associated with humoral immunity. The spleen
index can be used as a marker to assess the strength of the
body’s immune system. As shown in Figure 4, at the end of
the experiment, the spleen weights of all groups increased
compared to the normal group, with the model group
exhibiting the highest spleen index (P < 0.05). These results
suggest that DSS ingestion stimulated the mice’s autoim-
mune system and caused inflammation or reduced the ef-
fects of inflammation. However, the spleen weights of the
control, LHH, and HFF groups were reduced by
0.19+0.06g, 0.08+0.24g, and 0.14+0.09g, respectively,
when compared to the model group. This suggests that the
inflammation in the mice treated with the drug or FFC was
improved and the treatment effects were ranked in order of
mesalazine, high-dose, and low-dose groups.

3.6. Effect of FF on Colonic Histopathology in UC Model Mice.
As shown in Figure 5(a), the colonic wall of the normal
group mice was structurally intact. The mucosal and sub-
mucosal layers formed folds that protruded into the in-
testinal lumen, and there were a small number of contents in
the lumen. In the model group mice, whole-layer necrosis
(including the mucosa, submucosa, and muscle layer),
edema, and massive inflammatory cell infiltration were
observed in the intestinal wall, with the mucosa being de-
tached. The control group mice exhibited only localized
mucosal degeneration, with little to no necrosis. The lesion
scores in the LFF and HFF groups were limited to superficial
mucosal degeneration and necrosis, not involving the
submucosa or muscle layer. As shown in Figure 5(b), the
lesion score in the model group was 14, while the control and
HEFF groups scored consistently 3 and the LFF group scored
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FiGure 1: Effect of FF on body weight of mice in the IBD model. (a) Body weight changes in the mice. (b) Weight change compared to the
initial period (*: P <0.05, **: P<0.01 vs. normal; *: P <0.05, **: P<0.01, ***: P < 0.001 vs. model).
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F1GURE 2: Effect of FF intervention on DAI of mice and DAI values of each group of mice at the end of the experiment. (a) Effect of FF on
DALI scores of UC model mice. (b) DAI scores of mice in each group at the end of the experiment (*: P <0.05, **: P <0.01 vs. normal).

5.5. From these results, it can be concluded that drug or FF
treatment can reduce colonic lesions. The effect of the HFF
group was comparable to that of mesalazine, and the LFF
group showed a great improvement compared to the
model group.

3.7. Effect of FF on the Level of Inflammatory Factor Content in
Serum of UC Model Mice. Analysis of the serum levels of IL-
6, IL-15, TNF-a, and IL-10 in mice revealed significant
differences among the model group, normal group, and the
intervention groups. As shown in Figure 6(a), IL-6 levels in
the serum of model group mice were significantly higher
than that of the normal group (P <0.01), while IL-6 levels
in all three intervention groups were not significantly
different from the normal group. The control group with

mesalazine intervention had the greatest reduction effect,
with only 8.516+2.09 pg/mL higher IL-6 inflammatory
factor levels than the normal group, followed by the LFF
and HFF groups. As shown in Figure 6(b), IL-1f levels in
the model group increased significantly after DSS ad-
ministration and were significantly different from the
normal group (P <0.01). In the three intervention groups,
the serum IL-18 levels in mice decreased to near the levels
of the normal group. Further, Figure 6(c) revealed that the
levels of serum TNF-« in the remaining four groups of mice
were significantly different with the normal group
(P<0.01), indicating that DSS could increase the con-
centration levels of TNF-« in the serum of mice. Compared
with the model group, treatment with mesalazine and HFF
significantly reduced the concentration of TNF-a by
30.025 +2.05 pg/mL and 13.366 + 1.89 pg/mL, respectively,
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though there was still a significant gap to the concentration
of the normal group. Lastly, Figure 6(d) showed that the
concentration of IL-10 in the HFF group was
33.863 £ 1.75 pg/mL, which was the closest to the normal
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group, followed by mesalazine and LFF. Compared with the
model group, treatment with mesalazine and HFF signif-
icantly increased the serum IL-10 levels in the UC mouse
model, demonstrating their beneficial effects in reducing
the inflammation caused by DSS.

3.8. Determination of Physico-Chemical Properties of FF.
FF was obtained by adding (not adding) different amounts of
hot water, and it can be seen from Figure 7(a) that different
concentrations of FF had moderate pH values and did not
differ much from each other. Figure 7(b) clearly shows that
FF has good solubility. The concentration of 50% FF was
sufficiently thick that it could stand on a toothpick, could be
shaken by hand without spilling, and could be hung in
a glass. FF at 25% and 20% had good flowability and a yo-
ghurt-like texture, and only a small amount hung on the wall
of the glass. FF at 10% and 5% has a similar texture to soya
milk and milk. FF without hot water is crispy and without
hard lumps. After standing at room temperature (25°C) for
6h, a small amount of precipitation was produced at the
bottom of samples III-V. Sample II was thick and homo-
geneous without precipitation. Sample VI was completely
dissolved without precipitation. The physical and chemical
properties of substances affect production and marketing.
Brewed FF is stable in nature and hardly affects con-
sumption. For long-term consumption and preservation, we
also consider making it into biscuits.
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Figure 5: Effects of FF on colonic histopathology. (a) HE staining of mouse colonic tissue in each group (top: 100x, bottom: 400x).
(b) Colonic tissue score (**: P <0.01 vs. normal; **: P <0.01 vs. model).

3.9. Sensory Evaluation of FF. Participants tasted and rated
the FF on a 9-point hedonic scale, and the feedback is shown
in Table 3. The FF was approved by 88% of the participants.
46% said that they enjoyed it a lot and gave it a very high
score (>7), rating the FF as having an even colour, a delicate
taste, and an intense aroma. Of these, 36% said they would like
to have another drink, while 10% thought it had the colour and
texture of cooked cereal, with good taste and nutrition. Sim-
ilarly, 46% of the participants expressed an average level of
liking and the colour looked appetising but not as tasty as
expected. However, as a FF, we have tried to make it effective
and at the same time bring enjoyment to people’s tongue.
Compared to traditional food, FF still falls short in terms of
flavour and texture, but there is no denying that FF has been
a great success. Only 12% thought that it was a little yellow in
colour and tasted a little strange. No participants showed any
complaints about the FF. This positive feedback was to be
expected, as JG is fermented by lactobacilli to give it a fer-
mented aroma in itself, and we added a variety of carefully
selected nutrients. Prior to the study, participants were asked to
confirm that they were not allergic to cereal-based foods,
without being made aware of the efficacy of this food. It is
encouraging to note that, even just as a common food, it was
well received by almost half of the participants. The taste and
aroma can be further adjusted according to the desired out-
come during the production process. If a special diet could be
developed to provide a sustainable treatment for IBD, this
would be highly attractive to patients.

4, Discussion

Dietary changes can promote the formation of either anti-
inflammatory or proinflammatory components [28, 29],
leading to the development of FF to treat a variety of dis-
eases, such as diabetes, cardiovascular diseases, gastroin-
testinal inflammation, and neurological diseases [30-32].
Plant-derived foods contain a plethora of nutrients, fibers,
and polyphenols, which are increasingly popular for the use
of probiotics to ferment them, as demonstrated to be of great
benefit to overall health [33-39]. These findings demonstrate
the potential of developing nutritional formulas for IBD
patients by combining medicinal ingredients rich in plant
polysaccharides, unsaturated fatty acids, and small-molecule
active ingredients with probiotics with explicit functions.
Fewer studies have been conducted on the treatment of IBD
with JG, and there is no development of FF for IBD patients
based on the JG fermentation broth. In this study,
L. rhamnosus 217-1 was used to ferment JG and effectively
release its active components. The JG fermentation broth
was used as a functional component, and YM, CXD, BBD,
and SY were added as nutrients to cultivate FF for IBD
patients.

UC usually inevitably leads to weight loss and exacer-
bates malnutrition. Both HFF and LFF restored the body
weight of the UC model mice well, 4.250+0.250g and
3.891 +£0.175 g, respectively. This was accompanied by a re-
duction in the DAI score of 0.255 + 0.025 and a restoration of
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F1GURE 6: Effect of FF on the levels of inflammatory factors in serum of UC model mice. Figures (a-c) and (d) show the changes of IL-6,
IL-1B, TNF-a, and IL-10 inflammatory factors in serum of mice, respectively.

the colonic length of 1.064 +0.087 cm. The increase in the
spleen index was caused by the increasing number of
macrophages that infiltrated the spleen. Treatment with FF
reduced the splenic index by 0.102 +0.019, demonstrating
that FF attenuates the abnormal immune response induced
by macrophages. Damage to the intestinal barrier leads to an
increase in intestinal permeability and serum levels of LPS,
which further aggravate colitis [40]. Pathological analysis of
colonic tissues revealed that FF significantly improved the
total necrosis of the intestinal wall, reduced edema and
inflammatory cell infiltration, decreased mucosal de-
tachment, and restored the intestinal barrier, effectively
alleviating the inflammatory response of the mouse colon.
Moreover, a dose-dependent relationship was observed, with
the intervention effect of high-dose FF being greater than
that of low-dose. Furthermore, FF also decreased the con-
centration of inflammatory factors in the serum of mice,
with the concentrations of TNF-«, IL-18h, and IL-6 f de-
creasing by 9.518 £2.986 pg/mL, 29.253 + 1.734 pg/mL, and
104.365 + 11.483 pg/mL, respectively. The concentration of
the serum inflammatory factor IL-10 increased by

23.623 £5.624 pg/mL. This finding is consistent with the
research of Guo et al. [24], who found that platycodon
saponin-D significantly reduced the levels of proin-
flammatory cytokines TNF-a, IL-6, and IL-1f and increased
the levels of anti-inflammatory cytokine IL-10 in DSS-
induced mice, suggesting that the active ingredient of the
FF was Platycodon saponin.

Comparing with previous studies [23], the effect of FF
was highly consistent with treatment with fermentation
alone and the anti-inflammatory indexes of UC mice treated
with FF were not lower than those of fermentation treat-
ment. In vitro and in vivo studies have demonstrated the
potential clinical application value of homologous raw
materials for IBD [41-45]; however, their composition is
complex and their pharmacological effects are wide-ranging.
Though the preparation of FF diluted the JG ferment, the
addition of YM, CXD, BBD, and SY supplemented a variety
of nutrients, which undoubtedly ameliorated malnutrition
in IBD patients to some extent and repaired intestinal
damage in synergy with the JG fermentation broth. Unlike
expensive drugs with side effects and unacceptable ferments,
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F1GURre 7: Physico-chemical property tests of FF (I, IL, IIL, IV, V, VI FF with 96%, 50%, 25%, 20%, 10%, and 5% solids content, respectively)
(a) pH of FF with different solids content. (b) Solubility of FF with different solids content (standing at room temperature for 6 h).

TABLE 3: Sensory evaluation of FF.

Grade Scores Perc(i:/on)tage Evaluation

Like extremely 9 0 —

Like very much 8 10 Rich cereal aroma

Like moderately 7 36 Would love to try

Like slightly 6 30 A bit like

Neither like nor

dislike 5 12 Acceptable

Dislike slightly 4 12 Tastes a bit
strange

Dislike moderately 3 0 —

Dislike very much 2 0 —

Dislike extremely 1 0 —

FF has been carefully formulated and its excellent appear-
ance and product stability along with good flavour and
nutritional value are accepted by the majority of the pop-
ulation and preferred by 46% of the population. What is
more convenient is that FF can be brewed in different
consistencies according to personal preference. FF has good
productivity and mass acceptance and has undoubtedly been
a notable success as a therapeutic food and, to a certain
extent, meets the needs of the IBD population. We are
constantly innovating FFs with different flavours and serving
styles on the one hand, and on the other hand, we are also
working on creating better and more complete nutritional

formulations, by replacing the functional ingredients in FF
and tailoring it to the needs of people with specific diseases.

Previous studies have demonstrated that mesalazine (5-
aminosalicylic acid) can improve intestinal inflammation by
activating AMPK in macrophages and inhibiting NF-«xB ac-
tivation [46]. Guo et al. [24] treated LPS-stimulated
RAW264.7 cells with platycodon saponin-D and found that
AMPK activation enhanced the PI3K/Akt signaling pathway
and impaired the NF-«B pathway. In this study, we investigated
the effect of FF on a mouse model of DSS-induced UC, further
confirming the anti-inflammatory effect of the JG fermentation
broth as a mechanism of action of the AMPK/NF-xB/NLRP3
pathway. The quest for healthy, green, and wholesome foods
has become a growing trend. Countless IBD patients are now
seeking alternative dietary treatments [21, 22, 47]. This is ex-
pected to have a positive impact on the development and
expansion of the food and pharmaceutical industries. Never-
theless, as an FF, further studies are needed to assess its safety
and efficacy in humans before it can be marketed. In addition,
the ingredients of the recipe should be clearly identified, and
people with special constitutions such as those who are allergic
to grains should not consume it. In the future, cooperation with
medical institutions should be explored in order to complete
the clinic-related study of the FF. We sincerely hope that the
dream of sustainable treatment and prevention of the occur-
rence of IBD through daily diet will be realized soon, and the
pain and burden of the majority of patients will be alleviated.
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5. Conclusions

In this study, a functional food (FF) was developed for the
treatment of IBD based on the fermented liquid of JG and
four medicinal food ingredients including YM, CXD, BBD,
and SY. Its efficacy was further evaluated in a DSS-induced
UC mouse model. Results demonstrated that the FF
inhibited the release of the inflammatory factors TNF-a, IL-
18, and IL-6 and increased the expression of the anti-
inflammatory factor IL-10. In summary, the FF developed
in this study effectively alleviated the inflammatory response
of the mouse colon. Although the FF is not as effective as
traditional drugs in the treatment of IBD, it offers numerous
nutrients and is produced from healthy, low-cost ingredients
with no side effects and can be utilized as a diet to achieve
a sustainable treatment of IBD. In addition to the production
stability and mass popularity of FF, this FF developed uti-
lizing drug-food homology ingredients is expected to be
a viable treatment strategy for IBD, enriching the food
repertoire for IBD patients and paving the way for the future
application of FF in medical and food industries.
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