
ABSTRACT

This study aimed to evaluate the effects of functional foods containing Auricularia auricula-
judae powder on gut health and clinical indicators in middle-aged and older adults. 
Participants were randomly assigned to either the intervention group (n = 24) or control 
group (n = 26), and assessments including anthropometric measurements, blood analyses, 
and dietary intake surveys were conducted. The intervention group consumed functional 
foods containing A. auricula-judae powder twice daily for 8 weeks. No statistically significant 
differences were observed in the gut environmental parameters between the 2 groups. 
However, reductions in waist circumference (p < 0.021), abdominal obesity (p < 0.006), 
and triglyceride levels (p < 0.016) in the intervention group were statistically significant. 
Additionally, an analysis of nutrient intake from meals other than the intervention food 
revealed a significant increase in dietary fiber (p < 0.043), vitamin B1 (p < 0.027), and folic 
acid (p < 0.006) intake in the intervention group. Although the intervention improved 
the selection of body composition and blood parameters, it failed to produce significant 
changes in constipation outcomes or gut environmental parameters among participants with 
constipation. In conclusion, the consumption of A. auricula-judae powder-based functional 
foods resulted in limited yet meaningful improvements, specifically in reducing waist 
circumference and triglyceride levels.
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INTRODUCTION

Currently, the aging population is becoming a serious social problem in South Korea, and 
the population aged 65 years or older will account for 19.2% of the total population by 2024 
[1]. The rapid growth of the aging population indicates that South Korea is rapidly becoming 
a super-aged society. Aging is a natural response that occurs in living organisms over time 
[2]. Most people experience decline in various physical functions as they enter old age, and 
the physical changes that have been occurring since middle age become noticeably severe 
[3]. Over time, the aging process progresses rapidly in the elderly, causing symptoms such 
as deterioration of physical function, difficulty in chewing and swallowing, and decreased 
absorption of nutrients, all of which directly affect their health and quality of life [4]. As 
aging progresses, the digestive functions of the stomach and large intestine deteriorate, 
and the pelvic muscles and anal functions also deteriorate; therefore, the digestive system 
problems that typically occur in the elderly due to the aforementioned symptoms are 
digestive disorders and constipation [5,6], and constipation is a condition that is likely to 
occur in the elderly who are hospitalized for a long period of time [7]. Constipation in the 
elderly is caused by a combination of factors, including physical aging and inappropriate 
dietary habits, and the most important treatment is a diet that includes adequate fluid and 
dietary fiber [5,8]. Dietary fiber is classified as soluble or insoluble; insoluble dietary fiber 
helps increase the amount of stool and regulates bowel movements [9]. Elderly people with 
poor digestive function should be cautious, because a sudden increase in dosage over a short 
period of time may cause symptoms such as bloating, belching, and diarrhea [5]. Soluble 
dietary fiber is known to lower cholesterol levels and improve the lipid environment in the 
blood; in most cases, it is known to provide more health benefits than insoluble dietary fiber 
[9]. Consumption of soluble dietary fiber is also recommended for elderly individuals who 
have digestive system disorders. There are several types of soluble dietary fibers, including 
β-glucan which is found in large amounts in oats, barley, and mushrooms [9].

Mushrooms are rich in water, protein, carbohydrates, vitamins, and minerals [10], with 
the wood ear mushroom, Auricularia auricula-judae, being particularly notable for its high 
content of soluble dietary fiber such as beta-glucan, which is reported to aid in bowel 
movements [11,12]. This ear-shaped, brown or black fungus is commonly called to as the 
wood ear mushroom or jelly ear in Asia [13]. A. auricula-judae has been widely used in Asia 
as an herbal medicine, a fermented food ingredient, and a source of antibiotics. Among 
the global producers, China is the largest, accounting for more than 90% of the total world 
production [14]. Although its nutritional value and functional effects on the body have been 
extensively studied in Asia [15] and other regions, this mushroom remains relatively less 
familiar in Western societies, such as Europe and the United States [13]. A. auricula-judae is 
rich in polysaccharides, proteins, fats, vitamins, and minerals, and its polysaccharide, known 
as Auricularia auricula polysaccharide (AAP), has been reported to alleviate chronic diseases 
such as diabetes, obesity, inflammation, and hyperglycemia [16-18]. Although studies have 
reported that AAP slows the aging process and improves blood lipid levels [19], systematic 
research on products containing AAP is lacking; therefore, the relevant characteristics of A. 
auricula-judae products need to be investigated [14]. Therefore, this study aimed to evaluate 
the effects of functional foods containing A. auricula-judae powder on the body composition, 
nutritional status, and clinical indicators (including hematological markers and symptoms 
such as constipation) in middle-aged and older adults.
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MATERIALS AND METHODS

Recruitment of participants and eligibility criteria
This study was conducted as a randomized, double-blind trial targeting middle-aged and 
older adults aged 50 years or older. Participants were recruited by posting advertisements in 
community institutions, such as public health and welfare centers. Participants with a history 
of inflammatory bowel disease, neurological disorders, mental illness, or chronic kidney 
disease; history of gastrointestinal surgery other than appendectomy or cholecystectomy; 
or chronic use of medications affecting the gastrointestinal system, such as antibiotics or 
bacteriostats, were excluded. Based on similar previous study [20], a drop-out rate of 10% 
was expected, and 56 participants were recruited, with 28 allocated to each group (Figure 1).

Study procedure
A total of 56 participants were recruited, of which 6, 2 from the control group and 4 from 
the intervention groups, dropped out during the study for personal reasons, leaving 50 
participants enrolled. During the 8-week study, the participants visited the clinic once 
before and once after consuming the intervention food to undergo a physical assessment, 
including body composition and blood pressure measurements; blood analysis, including 
lipid levels and gut microbiota tests; and a survey. Prior to participation in the study, the 
researcher-in-charge explained the study procedures and observation parameters related 
to the consumption of the intervention food, and the participants provided informed 
consent. Participants were randomly assigned to the intervention group, which consumed an 
intervention food containing mushroom powder, or to the control group, which consumed 
a control product consisting of maltodextrin. Participants were assigned an identification 
code according to the order in which they enrolled in the study, and the study coordinator 
randomly assigned the participants according to a predetermined assignment code using 
the Excel randomization function. To ensure compliance with product consumption, the 
researchers assigned to each participant conducted twice-weekly phone monitoring. During 
these calls, they checked for product consumption, overall dietary intake, and any adverse 
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Figure 1. Study flow sheet.
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reactions. In addition, an in-person interview was conducted 4 weeks after the product 
delivery to assess adherence, and the products were distributed for the remaining 4 weeks. 
Compliance with the intake of the intervention food was 100% in the intervention group 
and 98% in the control group. None of the participants met the study termination criteria 
specified in the study protocol. The composition of the foods provided to the intervention 
and control groups is presented in Supplementary Table 1, which confirms that the 
nutritional values were equivalent with no significant differences (Supplementary Table 1). 
This study was conducted from October to December 2022 and the protocol was approved by 
the Ethics Committee of Kyung Hee University (Approval No. KHGIRB-22-470).

General characteristics
Data on demographic characteristics and general lifestyle habits of the participants included 
sex, age, current presence of chronic diseases (hypertension, diabetes, and osteoporosis), 
subjective health status, subjective body perception, current alcohol consumption, current 
smoking, regular exercise, daily meal frequency, regular diet, eating speed, and appetite level. 
The nutritional status of the study participants was determined using the Mini Nutritional 
Assessment, which is a simple and short validated questionnaire designed to rapidly assess 
the nutritional status of elderly patients [21]. The Korean version of the World Health 
Organization’s Short-Form Physical Activity Questionnaire, which consists of 7 questions 
about vigorous physical activity, moderate physical activity, walking, and sedentary activity 
over the past 7 days, was used as a self-report tool [22].

Physical and clinical checks
The components of waist circumference and body composition were measured using a 
measuring tape measure and InBody S10 (InBody Co., Seoul, Korea), and systolic and 
diastolic blood pressure were measured using a portable blood pressure monitor (Citizen CH-
452; Citizen Co., Tokyo, Japan) before and after the intervention as pre- and post-intervention 
data, respectively. Hematological biomarkers of total cholesterol, low-density lipoprotein 
(LDL) cholesterol, high-density lipoprotein cholesterol, and triglyceride concentrations were 
analyzed using a blood analyzer (Afinion2 analyzer; Abbott Co., Green Oaks, IL, USA).

Nutrient intake analysis
To determine the participants’ nutrient intake, all meals, including snacks, were examined 
and recorded for 3 days before and after the pre- and post-study visits. The recorded data 
were reviewed by a trained nutritionist, and the daily nutrient intake of each participant 
was analyzed using specialized nutrient analysis software (Can pro-6.0, Web ver.; Korean 
Nutrition Society, Seoul, Korea).

Assessment of constipation and intestinal microbiome status
The Constipation Assessment Scale (CAS), developed by McMillan and Williams (1989) 
[23] was used to assess each participant’s bowel status. It consists of 8 questions regarding 
abdominal distension, amount of gas, number of bowel movements, appearance of stool, 
discomfort during bowel movements, rectal heaviness, amount of stool, and ease of 
bowel movement. The ROME II diagnostic criteria were also used to check the status of 
participants’ functional gastrointestinal disorders, including constipation [24].

Statistical analyses
Continuous outcome variables analyzed in this study were presented as means and standard 
deviations, and categorical variables were presented as frequencies (and percentages). 
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Changes in the intervention and control groups before and after the intervention were 
analyzed using the Wilcoxon signed-rank test. Differences between the groups at baseline 
were assessed using the Mann-Whitney U test, a nonparametric test used to compare 
independent samples. All analyses were performed using IBM SPSS Statistics (version 25.0; 
IBM Corp., Armonk, NY, USA), and significance was set at p < 0.05.

RESULTS

Comparison of general characteristics at baseline
The results of the comparison and significance according for each group are shown in 
Table 1. The total study sample had a mean age of 66.9 years, and 76% of the sample were 
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Table 1. Participants’ general characteristics at baseline
Variables Total (n = 50) Control (n = 26) Intervention (n = 24) p value
Sex 0.862

Male 12 (24.0) 6 (23.1) 5 (20.8)
Female 38 (76.0) 20 (76.9) 19 (79.2)

Age (yr) 66.9 ± 7.9 67.5 ± 4.0 66.1 ± 5.8 0.754
55–59 11 (22.0) 5 (19.2) 6 (25.0) 0.469
60–69 20 (40.0) 10 (38.5) 10 (41.7)
≥ 70 19 (38.0) 9 (34.6) 10 (41.7)

Presence of chronic disease 0.903
Yes 31 (62.0) 16 (61.5) 15 (62.5)

Subjective health status 0.891
Good 24 (48.0) 12 (46.2) 12 (50.0)
Normal 25 (50.0) 13 (50.0) 12 (50.0)
Bad 1 (2.0) 1 (3.8) 0 (0.0)

Subjective body cognition 0.620
Underweight 4 (8.0) 2 (7.7) 2 (8.3)
Normal 27 (54.0) 24 (92.3) 23 (95.8)
Overweight 19 (38.0) 9 (34.6) 10 (41.7)

Current alcohol consumption 0.485
Yes 24 (48.0) 14 (53.8) 10 (41.7)
No 26 (52.0) 12 (46.2) 14 (58.3)

Current smoking 0.776
Yes 2 (4.0) 1 (3.8) 1 (4.2)

Regular exercise 0.509
Yes 38 (76.0) 13 (50.0) 15 (62.5)

IPAQ 0.314
Met-min score 2,904.3 ± 2,910.7 2,724.8 ± 1,750.6 2,830.1 ± 2,926.5

Daily meal frequency 0.738
2 times per day 20 (40.0) 11 (42.3) 10 (41.7)
3 times per day 30 (60.0) 16 (61.5) 14 (58.3)

Regular diet 0.520
Regular 36 (72.0) 19 (73.1) 16 (66.7)
Irregular 14 (28.0) 7 (26.9) 8 (33.3)

Eating speed 0.412
Fast 13 (26.0) 7 (26.9) 6 (25.0)
Medium 30 (60.0) 16 (61.5) 14 (58.3)
Slowly 7 (14.0) 3 (11.5) 4 (16.7)

Appetite 0.256
Always good 30 (60.0) 14 (53.8) 16 (66.7)
Normal 19 (38.0) 11 (42.3) 8 (33.3)
Always bad 1 (2.0) 1 (3.8) 0 (0.0)

Nutritional status by MNA 0.791
Normal nutritional status 16 (32.0) 8 (30.8) 8 (33.3)
At risk of malnutrition 34 (68.0) 18 (69.2) 16 (66.7)
Malnourished 0 (0.0) 0 (0.0) 0 (0.0)

Data were reported as mean ± standard deviation for continuous variable and number (percentage) for categorical variable.
IPAQ, International Physical Activity Questionnaire; MNA, Mini Nutritional Assessment.
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female. In terms of physical activity, 76.0% of the participants reported engaging in regular 
exercise. Although the participants maintained a relatively regular meal pattern, the risk of 
malnutrition was significantly high (68.0%).

Comparison of changes in body composition and hematological markers
The changes in clinical indicators before and after the intervention in the intervention and 
control groups are summarized in Table 2. A significant reduction in waist circumference was 
observed in the intervention group. Hematological assessment showed a significant decrease 
in triglyceride levels, while the mean levels of total cholesterol and LDL cholesterol showed a 
slight decrease that did not reach statistical significance. A significant reduction in body fat 
was observed in the control group. However, changes in waist circumference and abdominal 
obesity were not statistically significant. In addition, significant increases in total cholesterol 
and LDL cholesterol were observed in the control group.

Changes in nutrient intake
Table 3 shows the changes in nutrient intake based on the participants’ dietary intakes before 
and after study. Considering the pre- and post-intervention changes in the intervention 
group, the average intakes of dietary fiber, vitamin B1, and folic acid increased significantly, 
whereas the control group showed significant changes in the intakes of energy, vitamin E, 
vitamin B1, vitamin B2, folic acid, and phosphorus. The change in dietary fiber intake in the 
control group was not significant, but showed a decreasing trend on average, and based on 
the results mentioned earlier, the average intake of vitamin E, vitamin B1, and folic acid was 
found to have increased significantly in both groups.

Changes of constipation and gut status
Table 4 presents the changes in constipation status and gut microbial environment before 
and after the intervention in the intervention group. Based on the results of the CAS and 
ROME II questionnaires, which assess self-perceived intestinal discomfort, no significant 
changes were observed in either the intervention or control groups. The mean scores for the 
diversity and balance of the gut microbial environment showed an increasing trend in the 
intervention group and a decreasing trend in the control group. However, these changes were 
not statistically significant.
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Table 2. Comparison of changes in body composition and hematological markers
Variables Control (n = 26) Intervention (n = 24) p value†

Pre Post p value* Pre Post p value*

Body mass index (kg/m2) 25.0 ± 3.6 25.0 ± 3.6 0.768 24.9 ± 3.5 25.1 ± 3.4 0.366 0.690
Body fat (%) 30.0 ± 7.3 28.3 ± 7.8 0.007 30.8 ± 7.7 30.0 ± 7.6 0.307 0.814
Waist circumference (cm) 84.3 ± 9.4 83.4 ± 7.3 0.393 85.2 ± 8.7 82.5 ± 8.4 0.021 0.762
Abdominal obesity 10 (38.5) 10 (38.5) 1.000 12 (50.0) 9 (37.5) 0.266 0.369
Systolic blood pressure (mmHg) 132.7 ± 15.2 136.9 ± 18.6 0.261 131.0 ± 17.7 129.5 ± 31.6 0.822 0.860
Diastolic blood pressure (mmHg) 76.9 ± 10.5 79.1 ± 11.2 0.722 75.7 ± 10.9 79.4 ± 13.0 0.055 0.639
Total cholesterol (mg/dL) 179.7 ± 40.3 204.9 ± 40.3 0.000 175.8 ± 31.9 167.1 ± 35.8 0.064 0.544

≥ 200 mg/dL 8 (30.8) 14 (53.8) 0.080 8 (33.3) 6 (25.0) 0.518 0.715
LDL cholesterol (mg/dL) 85.2 ± 37.9 98.8 ± 38.2 0.033 87.5 ± 25.4 86.3 ± 28.8 0.788 0.508

≥ 100 mg/dL 8 (30.8) 11 (42.3) 0.283 7 (29.2) 7 (29.2) 1.000 0.652
HDL cholesterol (mg/dL) 60.6 ± 32.9 54.5 ± 12.4 0.380 59.8 ± 13.6 56.8 ± 9.1 0.363 0.707

< 55 mg/dL 15 (57.7) 17 (65.4) 0.388 9 (37.5) 8 (33.3) 0.763 0.240
Triglyceride (mg/dL) 168.4 ± 63.3 180.5 ± 51.7 0.130 180.0 ± 70.8 170.4 ± 57.4 0.016 0.195

≥ 150 mg/dL 13 (50.0) 19 (73.1) 0.077 12 (50.0) 13 (54.2) 0.773 1.000
Data were reported as mean ± standard deviation for continuous variable and number (percentage) for categorical variable.
LDL, low-density lipoprotein; HDL, high-density lipoprotein.
*Comparison of results before and after the intervention within a single group using the Wilcoxon signed-rank test.
†Comparison of statistical significance between the 2 groups at baseline.
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DISCUSSION

This study aimed to determine the effects of a functional food containing powdered A. 
auricula-judae on constipation, overall gut health, and clinical factors in the elderly subjects. 
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Table 3. Changes of nutrient intakes
Variables Control (n = 26) Intervention (n = 24) p value†

Pre Post p value* Pre Post p value*

Energy (kcal) 1,890.0 ± 184.8 2,017.1 ± 101.8 0.007 1,909.0 ± 250.1 2,002.9 ± 65.9 0.062 0.508
Carbohydrate (g) 283.1 ± 51.4 296.8 ± 43.9 0.194 276.9 ± 50.9 287.2 ± 34.0 0.163 0.661
Protein (g) 60.6 ± 9.4 65.6 ± 15.4 0.197 64.0 ± 16.5 70.1 ± 9.1 0.421 0.590
Fat (g) 46.4 ± 17.5 53.6 ± 18.3 0.141 50.5 ± 15.6 56.6 ± 12.1 0.123 0.367
Fiber (g) 13.1 ± 3.9 12.1 ± 7.8 0.518 12.3 ± 4.0 14.9 ± 5.2 0.043 0.442
Vitamins

Vitamin A (ug) 459.2 ± 208.0 499.6 ± 188.9 0.418 441.4 ± 173.9 514.0 ± 293.1 0.223 0.258
Retinol (ug) 128.2 ± 113.6 111.4 ± 72.2 0.538 140.9 ± 127.1 151.8 ± 144.2 0.801 0.106
Betacarotin (ug) 3,972.1 ± 2,377.1 4,658.2 ± 2,026.2 0.259 3,674.0 ± 1,559.9 4,346.5 ± 2,900.6 0.242 0.204
Vitamin D (ug) 6.1 ± 3.2 6.3 ± 3.4 0.829 6.6 ± 2.3 8.0 ± 3.2 0.122 0.621
Vitamin E (ug) 15.6 ± 4.7 20.8 ± 8.0 0.026 16.6 ± 5.2 19.4 ± 5.2 0.061 0.453
Vitamin K (ug) 227.4 ± 137.6 237.4 ± 137.6 0.085 218.9 ± 138.2 275.0 ± 170.8 0.259 0.225
Vitamin C (mg) 123.0 ± 76.0 119.6 ± 83.9 0.802 127.0 ± 64.7 106.4 ± 53.2 0.055 0.671
Vitamin B1 (mg) 1.7 ± 0.4 2.0 ± 0.5 0.029 1.7 ± 0.5 2.1 ± 0.5 0.027 0.806
Vitamin B2 (mg) 1.5 ± 0.4 1.7 ± 0.4 0.007 1.5 ± 0.5 1.7 ± 0.5 0.157 0.792
Niacin (mg) 14.0 ± 4.3 14.8 ± 3.1 0.504 13.9 ± 3.8 14.7 ± 3.6 0.394 0.505
Vitamin B6 (mg) 2.1 ± 1.1 2.0 ± 0.4 0.712 2.0 ± 1.6 2.4 ± 2.0 0.489 0.613
Folic acid (ug) 532.5 ± 109.0 634.8 ± 163.0 0.000 492.8 ± 150.1 619.3 ± 152.1 0.006 0.224
Vitamin B12 (ug) 10.9 ± 5.6 12.2 ± 4.3 0.239 9.1 ± 3.8 11.4 ± 7.2 0.074 0.104
Pantothenic acid (mg) 5.0 ± 1.4 5.5 ± 1.5 0.207 5.0 ± 1.1 5.2 ± 1.0 0.430 0.875
Biotin (ug) 1.8 ± 2.3 2.0 ± 2.8 0.672 2.6 ± 2.6 1.6 ± 2.8 0.232 0.084

Minerals
Calcium (mg) 586.3 ± 214.5 604.8 ± 210.1 0.690 548.3 ± 172.4 584.9 ± 198.2 0.306 0.207
Phosphorus (mg) 1,144.5 ± 229.1 1,257.2 ± 249.8 0.016 1,151.2 ± 225.1 1,269.4 ± 210.7 0.904 0.591
Sodium (mg) 3,704.9 ± 974.2 4,220.5 ± 901.9 0.022 3,724.4 ± 1,175.1 4,220.4 ± 800.5 0.116 0.464
Potassium (mg) 3,168.4 ± 870.5 3,445.9 ± 1,190.4 0.135 3,031.1 ± 651.4 3,076.3 ± 407.6 0.788 0.532
Magnesium (mg) 141.0 ± 45.1 139.4 ± 50.3 0.888 129.2 ± 60.0 147.6 ± 38.4 0.291 0.090
Iron (mg) 18.1 ± 5.3 18.9 ± 4.2 0.558 16.3 ± 3.0 18.6 ± 6.5 0.108 0.115
Zinc (mg) 11.0 ± 2.2 11.2 ± 2.4 0.844 10.8 ± 2.4 11.9 ± 2.6 0.193 0.408
Copper (ug) 923.6 ± 523.8 817.2 ± 411.2 0.450 812.6 ± 288.7 744.1 ± 235.0 0.386 0.200
Manganese (mg) 2.5 ± 1.1 2.4 ± 1.0 0.505 2.3 ± 1.1 2.4 ± 1.0 0.722 0.146
Selenium (ug) 70.1 ± 27.8 72.1 ± 32.9 0.801 79.0 ± 39.7 75.2 ± 32.9 0.735 0.112

Data were reported as mean ± standard deviation for continuous variable and number (percentage) for categorical variable.
*Comparison of results before and after the intervention within a single group using the Wilcoxon signed-rank test.
†Comparison of statistical significance between the 2 groups at baseline.

Table 4. Changes of constipation and gut status
Variables Control (n = 26) Intervention (n = 24) p value†

Pre Post p value* Pre Post p value*

Constipation
CAS‡ (Yes) 9 (34.6) 7 (26.9) 0.425 5 (20.8) 5 (20.8) 1.000 0.125
ROME II§ (Yes) 8 (30.8) 7 (26.9) 0.713 5 (20.8) 4 (16.7) 0.575 0.064

Gut
Diversity∥ score 65.5 ± 12.0 63.0 ± 14.0 0.460 71.0 ± 12.0 71.6 ± 11.2 0.835 0.280
Balance¶ score 69.3 ± 19.7 63.8 ± 20.7 0.232 62.4 ± 21.7 70.4 ± 19.4 0.172 0.179

Data were reported as mean ± standard deviation for continuous variable and number (percentage) for categorical variable.
CAS, Constipation Assessment Scale.
*Comparison of results before and after the intervention within a single group using the Wilcoxon signed-rank test.
†Comparison of statistical significance between the 2 groups at baseline.
‡“Yes” means people diagnosed with constipation with a score of 4 or more.
§Constipation diagnosis tool through subjective symptoms, “Yes” means people diagnosed with constipation with a score of 2 or more.
∥A higher score indicates greater gut microbiota diversity.
¶A higher score means a better balance of beneficial and harmful bacteria in the gut.
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No significant findings were observed for variables related to constipation or the gut 
microbiome. However, significant changes were observed in the clinical indicators of 
the intervention group, including dietary fiber intake, waist circumference, and blood 
triglyceride levels.

Significant changes in the hematological markers of the study participants were observed 
in both the control and intervention groups. The intervention group showed significant 
improvements in waist circumference and blood triglyceride levels. The effect of A. auricula-
judae on blood lipid levels has been reported in previous studies; it is known to be a functional 
food due to its high fiber content [25]. According to Chen et al. [17], polysaccharides from 
Auricularia auricula regulate lipid metabolism in the body, thereby alleviating obesity-related 
factors. In a previous study in which middle-aged women with abdominal obesity directly 
consumed A. auricula-judae, the intervention group showed improved blood lipid levels, and 
the control group showed an increase in total cholesterol and LDL cholesterol levels, similar 
to the results of this study [26]. However, the difference in our study was that the participants 
were elderly, and A. auricula-judae was provided as an ingredient of a functional food rather 
than as a raw ingredient or extract solution.

Dietary fiber is the major polysaccharide component of A. auricula-judae [27], and AAP, a 
polysaccharide of A. auricula-judae, has excellent biological functionality and has been shown 
to have effects on antioxidant, hypoglycemic, hypolipidemic, and immunomodulatory 
effects in various studies [16-18]. Liu et al. [28] reported that AAP affected lipid metabolism 
in the blood of mice and slowed weight gain in a study in which they provided an extract of 
A. auricula-judae as a dietary supplement. In our study, the increase in dietary fiber intake 
was assessed after the end of the intervention; however, a clear analysis of this aspect 
increase is difficult, especially when compared with the slight decrease observed in the 
control group. This result may be due to the perceived effect of consuming functional foods. 
However, this aspect was not specifically investigated, which remains a limitation of this 
study. Among previous studies on dietary fiber intake in the elderly, Kim et al. [29] reported 
that insufficient intake of vegetables and fruits, which are key sources of dietary fiber, was a 
significant risk factor for functional constipation in the elderly. Another study that analyzed 
data from the National Health and Nutrition Examination Survey data in the United States to 
determine the effects of dietary fiber intake on anemia and frailty in the elderly reported that 
adequate dietary fiber intake is an innovative dietary method for reducing frailty in the elderly 
[30]. Therefore, the benefits of dietary fiber intake, such as AAP, are not limited to improving 
constipation in the elderly but also include various clinical improvements. Although the 
consumption of functional foods containing A. auricula-judae in powder form is not the 
optimal method to achieve the above-mentioned clinical improvements, previous studies 
have also reported improvements in the blood lipid parameters.

This study has limitations such as the small sample size and the inability to confirm 
changes in intestinal conditions and clinical improvements after long-term consumption 
of functional foods containing A. auricula-judae powder. In addition, due to the small sample 
size, we were unable to confirm the clinical outcomes by varying the content of A. auricula-
judae powder. Furthermore, although participant compliance and monitoring included 
management of daily food intake and specific dietary conditions (e.g., foods high in dietary 
fiber, high-fat meals, excessive eating out, and alcohol consumption), stricter dietary 
controls should be implemented in future studies to ensure more reliable results.
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In conclusion, the consumption of functional foods containing A. auricula-judae is expected to 
improve dietary fiber intake, which is considered a factor in the occurrence of constipation 
in the elderly, and to provide health benefits such as improved blood lipid levels. Further 
research on the development and effectiveness of functional foods containing A. auricula-judae 
powder in the elderly is needed in the future.

SUPPLEMENTARY MATERIAL

Supplementary Table 1
Comparison of composition per product provided in intervention and control groups
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