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Background and Objectives: To evaluate the effects of a Ready to Hang (RTH), pectin-containing enteral nutri-
tion on gastrointestinal symptoms and nutrition status. Methods and Study Design: An open-label, randomized, 
prospective controlled study. Thirty hospitalized patients with tube feeding for 9 days or more. Intervention: A 
pectin-containing enteral formula (Hine E-Gel®) or a standard polymeric formula (Ensure®) was administered 
for 1 week. Administration methods: Administered via a nasogastric tube 4 times per day (every 6 hours), 30 
minutes per administration. Results: There was no significant difference in the frequency of diarrhea or the nutri-
tional indicators. An additional survey was conducted of 50 nurses who were involved in the administration of the 
study products. Most respondents replied that the RTH, pectin-containing formula was easier to use and that the 
duties related to its administration were decreased. Conclusions: The pectin-containing formula was not detecta-
bly superior to the standard polymeric formula in terms of gastrointestinal symptoms. The use of RTH may sim-
plify medical care and enable efficient management. 
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INTRODUCTION 
An oral diet is fundamental to nutritional management, 
but if spontaneous oral intake is not adequate in patients 
with malnutrition or those at risk of malnutrition, enteral 
tube feeding is indicated.1 Although enteral nutrition is 
considered a physiologic route of nutrition support, it may 
result in complications, including diarrhea, vomiting, ab-
dominal distention or other undesirable gastrointestinal 
symptoms. The use of enteral nutrition products with ap-
propriate osmolality or peptide-based formulations as 
well as decreasing the rate of administration are conven-
tional methods employed to alleviate these symptoms.2 In 
recent years, products with increased viscosity, known as 
semisolid nutrition, have been developed. These products 
are designed to be physiologically similar to general or 
regular food and may help decrease these adverse gastro-
intestinal symptoms.3-5 However, their major limitation is 
the need for large diameter feeding tubes for administra-
tion.  

Pectin is a dietary fiber with special properties. When 
added to a liquid enteral formulation, the admixture be-
comes more viscous (semisolid) when exposed to acid in 
the stomach. The mechanism for the change in viscosity 
of the product is that when the calcium phosphate con-
tained in the product is exposed to a low pH, such as the 
acidic environment in the stomach, the calcium in the  

 
 
calcium phosphate becomes free ions. These free calcium 
ions then react with pectin, which results in an increased 
viscosity.6  

In a multicenter randomized controlled trial (RCT), the 
use of a viscosity-regulating pectin solution resulted in an 
improvement in stool form when compared to a standard 
liquid enteral nutrition product.7 Another multicenter 
RCT conducted by the Japanese Society for Clinical Nu-
trition and Metabolism (JSPEN) demonstrated the effica-
cy of a pectin-based enteral nutrition product for reducing 
composite enteral nutrition-related events such as diar-
rhea when compared to a standard liquid formulation and 
that nutrition management could be conducted more 
completely when using a pectin-based enteral nutrition 
product.8 Gastroesophageal reflux was significantly de-
creased by the use of semisolid formulations in an imag-  
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ing study using a radiolabeled technique.5 However, these 
studies were conducted in Japan using a novel product 
developed in Japan. This product and its potential benefits 
have not been evaluated outside of Japan. In this study, 
we evaluated the effects of a pectin-containing formula 
on gastrointestinal symptoms and nutrition status in hos-
pitalized patients. 

 
Objectives 
To compare the effects of a pectin-containing formula 
with a nonpectin containing formula (standard polymeric 
formula) administered via tube feeding on gastrointestinal 
symptoms. The primary endpoint was the incidence of 
diarrhea. Secondary endpoints were the nutrition parame-
ters (transthyretin (TTR) and body weight) and subjective 
global assessment (SGA). 

Additionally, a survey was conducted with nurses par-
ticipating in administration of the study products to ex-
plore the preferences of healthcare professionals regard-
ing a ready-to-hang versus a powdered type formula. 
 
METHODS 
Ethical issues 
The present study was performed according to the ethical 
recommendations of the Declaration of Helsinki and In-
ternational Conference on Harmonization in Good Clini-
cal Practice (ICH-GCP). The study protocol, informed 
consent, and other necessary documents were reviewed 
and approved by the Institutional Review Board (IRB) of 
the Faculty of Medicine, Chulalongkorn University prior 
to initiation of the study at that site (IRB 210/60). All 
enrolled patients provided written informed consent prior 
to starting any study activities. The study was registered 
in the Thai Clinical Trials Registry (TCTR) with registra-
tion number: TCTR20200430002. 
 
Subjects 
In this study, 30 inpatients aged over 18 years, undergo-
ing tube feeding with a 12–16 Fr nasogastric tube or per-
cutaneous endoscopic gastrostomy (PEG) feeding and 
expected to be on tube feeding for at least 9 days were 
enrolled at the clinical site (King Chulalongkorn Memori-
al Hospital, Bangkok, Thailand) between March 2018 and 
April 2019. The main exclusion criteria were a history of 
a gastroduodenal ulcer, gastrectomy or other upper gas-
trointestinal disorders that may confound the results, un-
stable hepatic, renal or cardiac disorders or conditions 

that may raise safety concerns, or active cancer treatment 
with either chemotherapy or radiation, which may lead to 
diarrhea. Patients who had a history of food allergies or 
known allergies to the products used in the study were 
also excluded. 

 
Study design 
This study was a prospective randomized open-label and 
parallel-group study. There were two groups, a control 
group (standard polymeric formula) and a pectin group 
(pectin-containing formula). The patients were randomly 
assigned to either of the two groups according to a ran-
domization table, which was prepared using Microsoft 
Excel. The number of patients in each group was the 
same (15 patients in each group).  
 
Study products 
The pectin-containing formula (Hine E-Gel®) is an oli-
gomeric liquid enteral nutrition product with a protein: fat: 
carbohydrate ratio of 16:20:64. The product is packaged 
in a ready-to-hang container (RTH). It has been marketed 
in Japan since February 2014. In Thailand, it has not been 
approved for marketing, but approval for its import and 
use in this study was obtained from the Food and Drug 
Administration, Thailand (Thai FDA). 

A standard polymeric formula (Ensure®) was selected 
as the comparator because it is a complete, balanced for-
mula that is commonly used in Thailand. It is a powdered 
type of polymeric enteral nutrition with a protein: fat: 
carbohydrate ratio of 16:29:55 and must be prepared by 
dissolving it in water. In this study, the product was pre-
pared to obtain a concentration of 0.8 kcal/mL to match 
the concentration of the test diet. Table 1 shows the nutri-
tional composition of each product. 

 
Administration methods 
All participating patients were already undergoing tube 
feeding at the time of enrollment. After enrollment, the 
target energy per day was calculated for each patient and 
the test diet was prepared individually. Dosages were 
calculated based on the patient’s body weight and clinical 
conditions using a simplistic weight-based equation (25–
35 kcal/day/kg body weight).9 

The pectin-containing formula and the standard poly-
meric formula were shipped to the clinical site as market 
packages. Both products were kept at the clinical site un-
der controlled conditions as indicated on the product la-

 
Table 1. Composition of the enteral nutrition products per 1000 kcal 
 

 Pectin-containing formula 
(Hine E-Gel®) 

Standard polymeric formula 
(Ensure®) 

Water (g) 1100 1100 
Protein (g) 40 37 
Fat (g) 22 32 
Carbohydrate (g) 167.6 133.0 
 Sugar (g)  153.8 - 
 Dietary Fiber (g) 13.8 10 
  (Pectin 9 g and others) (FOS 10 g) 
Osmolarity (mOsm/L) 360 312 

 
FOS: fructooligosaccharide. 
-: Data are not available on the product label. 
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bels (15–25°C for the pectin-containing formula and be-
low 35°C for the standard polymeric formula). The pec-
tin-containing formula in the RTH package can be direct-
ly connected to an enteral feeding set while the standard 
polymeric formula needs to be prepared to a specific con-
centration before transferring to an enteral feeding bag 
and connecting to the feeding set.  

To acclimate the patient to the new enteral nutrition 
(pectin-containing formula or standard polymeric formu-
la), only 50% of the calculated amount was administered 
on Day 1. This was increased to 75% on Day 2. The ad-
ministration on Day 1 and Day 2 was considered as the 
transitional phase and diarrhea during this period would 
result in subject withdrawal. From Day 3 through Day 9, 
100% of the target amount was administered.  

The daily dosage was separated into 4 administrations, 
with the first dose at 6 AM, followed by administrations 
every 6 hours (6 AM, 12 PM, 6 PM and 12 AM). The 
infusion rate was 30±5 minutes per administration, ac-
cording to the standard feeding protocol at the clinical site. 

 
Study procedure 
After the subjects gave informed consent, demographic 
data, weight and height, medical history including under-
lying diseases and medications used, were collected. A 
physical examination and vital sign measurements were 
also performed. Blood for hematology and blood chemis-
try along with TTR were collected for screening. Subjec-
tive global assessment (SGA) was performed by a dieti-
tian in the screening phase and eligibility (inclu-
sion/exclusion) had been confirmed by the clinical inves-
tigator before the patient received their first meal. Only 
subjects who met the criteria received the test diet.  

Stool evaluations were performed according to the Bris-
tol Stool Scale after receiving the 1st meal until the end of 
follow-up on Day 10 by study nurses while diarrhea was 
assessed by the clinical investigator every day. Diarrhea 
was defined as the passage of 3 or more of grade 6 or 7 
stools per day, according to the WHO definition of diar-
rhea.10 If diarrhea occurred on Days 1–2, patients were 
withdrawn from the study for safety reasons. During Day 
3 to Day 9, if a patient experienced diarrhea, the admin-
istration rate of the test diet was extended from 30±5 
minutes to 2 hours for the remaining doses of the day, 
followed by close observation. The extended feeding rate 
was maintained on the following day. If no diarrhea oc-

curred, the next dose was administered at the usual rate of 
30±5 minutes. However, if diarrhea persisted, the patient 
was terminated from the study and their condition was 
followed until improvement. 

Bodyweight, SGA and TTR were assessed on Day 3 as 
baseline values and on Day 10. The study procedure 
scheme is summarized in Figure 1. 

 
Study endpoints 
The primary endpoint was diarrhea (watery stool defined 
by the Bristol Stool Scale 6 or 7, more than 2 times per 
day).11 The secondary endpoints were nutritional parame-
ters, including TTR, body weight, body mass index (BMI) 
and SGA. 

 
Sample size 
Since this was an exploratory study, there was no statisti-
cal method involved in the sample size calculation. In 
addition, since the pectin-containing formula was not on 
the market in Thailand during the study period, there 
were no preliminary data or study available in the Thai 
population to show the potency of its inhibitory effects on 
diarrhea. Thus, the target sample size of 30 was deter-
mined to be the number of patients who could be enrolled 
at the study site during the study period. 

 
Usage satisfaction survey 
A questionnaire regarding the experience of using the 
investigational products was completed after the study 
completion by 50 nurses who were involved in the admin-
istration of the study products. 

 
Statistical analysis 
Patients who received 70–120% of the target dose were 
included in the primary (per-protocol) analysis. We de-
termined whether there were differences in the primary 
endpoint index (patients who experienced diarrhea) be-
tween the pectin-based diet and control groups for 7 days 
(Day 3 through Day 9) using Fisher’s exact test. The fre-
quency of stool and stool condition evaluated by using the 
Bristol Stool Scale were summarized by the mean and 
standard deviation (SD) (mean ± SD). The frequency of 
stool with the Bristol Stool Scale 6-7 was also determined. 
Additionally, unpaired t-tests were conducted to deter-
mine the differences in the stool frequency and character 
between the 2 groups. 

 

 
 
Figure 1. Study procedure scheme. TTR: transthyretin; SGA: subjective global assessment. 
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The differences in the nutritional parameters (second-
ary endpoints) between the follow-up day and baseline 
along with the screening were tested by paired t-tests and 
an analysis of variance was used for the determination of 
any difference among each day and each group. Im-
provement in nutrition status (SGA grade) at baseline and 
follow-up in each group was compared by the Wilcoxon 
signed rank test while the improvement of the SGA 
grades (defined as the improvement of SGA by at least 1 
grade) between each group were analyzed by Fisher’s 
exact test. All statistical analyses were performed in 
RStudio, version 1.2.5033. 
 
RESULTS 
Thirty-nine patients were screened for eligibility. Thirty 
patients (76.9%) who met all of the inclusion criteria and 
none of the exclusion criteria gave written informed con-
sent and participated in this clinical study. Among the 30 
enrolled patients, 15 patients were assigned to receive the 
pectin-containing formula while the other 15 patients re-
ceived the standard polymeric formula. Four patients ex-
perienced diarrhea during Day 1 or Day 2 (2 from the 
pectin-containing group and 2 from the standard polymer-
ic group) and were excluded from the study. One patient 
in the pectin-containing formula group withdrew consent 
to continue the study and 1 patient in the standard poly-
meric formula group had abdominal distension and did 
not continue past Day 3. Twenty-four patients (12 each 

for the pectin-containing formula or the standard poly-
meric formula group) continued in the study phase and 
received 100% of the targeted daily amount. 

During the study phase (Day 3 to Day 9), 2 patients in 
the pectin-containing formula group were withdrawn due 
to nontreatment related serious adverse events and con-
sent withdrawal. In total, 10 patients in the pectin-
containing formula group received at least 70% of the 
target dose and were included in the primary analysis.   

In the standard polymeric formula group, 9 of 12 pa-
tients received at least 70% of the target dose, while the 
other 3 patients failed to meet the target dose because of 
nontreatment related serious adverse events (1 patient) or 
consent withdrawal (2 patients). However, only 7 of 12 
patients were included in the defecation and diarrhea 
analysis since 1 patient underwent a colostomy after ran-
domization while the other had a protocol deviation. One 
patient who attained the target nutrition dose died due to 
his medical conditions in the early morning of Day 10 so 
the follow-up tests on Day 10 were not assessed. Despite 
this, the patient was included in the diarrhea and defeca-
tion analysis, and the analysis for the other outcomes 
could not be performed. The processes of enrollment, 
randomization, intervention and inclusion in the primary 
analysis are summarized in Figure 2. 

Demographic and baseline data are summarized in Ta-
ble 2. There were no significant differences between the 
two groups with regard to any of the baseline characteris-

 

 
 
Figure 2. CONSORT flowchart of the distribution of participants throughout the study. 
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tics. Table 3 shows the details associated with defecation 
in all subjects included in the primary analysis. 

Diarrhea occurred in 1 patient in the pectin-containing 
formula group and 1 patient in the standard polymeric 
formula group. There were no statistically significant 
differences between the 2 groups (p=1.000). However, 
the pectin-containing formula group had a favorable diar-
rhea occurrence rate when compared with the standard 
polymeric formula (10% and 14%, respectively). Regard-
ing stool frequency and character, there were no statisti-
cally significant differences between the 2 groups in 

terms of the mean stool frequency (1.4±0.6 times per day 
and 1.1±1.2 times per day in the pectin-containing formu-
la group and the standard polymeric formula group, re-
spectively, p=0.490) and the mean Bristol Stool Scale 
score (4.7±0.7 and 5.4±1.1 in the pectin-containing for-
mula group and the standard polymeric formula group, 
respectively, p=0.158). 

For secondary outcome analyses, the patient who died 
before day 10 was excluded while the patient who under-
went a colostomy was included in the analysis. Nutrition-
al parameters, including body weight along with BMI, 

Table 2. Baseline characteristics of the patients 
 
 All Pectin-containing 

formula 
Standard polymeric 

formula p-value Mean±SD (Range) Mean±SD  
(Range) 

Mean±SD  
(Range) 

N 17 10 7  
Gender†     
 Male 14 (82.4%) 8 (80%) 6 (85.7%) 0.761 
 Female 3 (17.6%) 2 (20%) 1 (14.3%) 
Age (years) 71.9±15.3 

(40-95) 
70.3±14.7 

(40-89) 
74.1±16.9 

(50-95) 
0.636 

Height (m) 1.6±0.1 
(1.42-1.75) 

1.62±0.09 
(1.42-1.75) 

1.62±0.07 
(1.5-1.7) 

0.866 

Weight (kg) 46.8±10.9 
(23.2-65) 

46.1±7.7 
(30.6-58.4) 

47.8±15 
(23.2-65) 

0.789 

BMI (kg/m2) 17.7±3.5 
(10.3-23.4) 

17.6±2.5 
(13.4-22.8) 

17.9±4.8 
(10.3-23.4) 

0.895 

TTR (µmol/L) 2.31±1.20 
(0.65-4.69) 

2.49±1.20  
(0.65-4.69) 

2.04±1.24  
(0.82-4.55) 

0.465 

SGA score†     
   A 2 (11.8%) 0 (0%) 2 (28.6%) 0.183 
   B 11 (64.7%) 7 (70%) 4 (57.1%) 
   C 4 (23.5%) 3 (30%) 1 (14.3%) 
Primary diseases‡     
 Diseases of the respiratory system 9 6 3 - 
 Certain infectious and parasitic diseases 4 2 2 - 
 Diseases of the nervous system 2 1 1 - 
 Diseases of the circulatory system 1 - 1 - 
 Mental and behavioral disorders 1 1 - - 
 Diseases of the genitourinary system 1 - 1 - 
 Endocrine, nutritional and metabolic diseases 1 - 1 - 
 Symptoms, signs and abnormal clinical and 

laboratory findings, not elsewhere classified 
2 2 - - 

 
BMI: body mass index; TTR: transthyretin; SGA: subjective global assessment. 
†Reported as number of subjects (%), p-value from Chi-square test. 
‡Grouped by the ICD10, some patients reported more than 1 condition during their admission. 
 
 
Table 3. Defecation related information 
 
 All Pectin-containing 

formula 
Standard polymeric 

formula p-value 
Mean±SD Mean±SD Mean±SD 

N 17 10 7 - 
Administration amount     
 Total (kcal) 9520±1949.6 9470±1848.8 9591.4±2235.9 0.908 
 Percent of target amount (%) 95.6±9.2 94.6±9.1 96.9±9.8 0.633 
Defecation     
 Occurrence (time) 8.5±5 9.4±3.4 7.1±6.8 0.443 
 Frequency (time/day) 1.3±0.9 1.4±0.6 1.1±1.2 0.490 
 Bristol stool scale 5±0.9 4.7±0.7 5.4±1.1 0.158 
Bristol stool scale 6-7     
 Occurrence (time) 2.9±4.3 2.3±3.9 3.9±5 0.505 
 Frequency (time/day) 0.5±0.8 0.4±0.8 0.6±0.8 0.608 
Diarrhea     
 N experienced diarrhea 2 1 1 1.000 
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Table 4. Changes in nutritional indicators 
 
 Pectin-containing formula Compared 

with baseline 
Standard polymeric formula† Compare with 

baseline 
one-way 
ANOVA Screening Day 3 Day 10 Screening Day 3 Day 10 

Mean±SD Mean±SD Mean±SD p-value Mean±SD Mean±SD Mean±SD p-value p-value 
N 10 10 10 - 7 7 7 - - 
Weight (kg) 46.1±7.7 - 47.2±8.6 0.252 51.6±19.4 - 51.1±18.5 0.680 0.795 
BMI (kg/m2) 17.6±2.5 - 18±2.9 0.269 18.9±5.6 - 18.7±5.5 0.748 0.917 
TTR‡ (µmol/L) 2.49±1.20 2.69±1.32 2.85±1.53 0.322 2.29±1.12 2.38±1.11 3.04±2.04 0.130 0.903 
SGA Score                
  A 0 (0%) 1 (10%) 0 (0%) 1.000 2 (28.6%) 1 (14.3%) 2 (28.6%) 0.7001 1.000 
  B 7 (70%) 7 (70%) 9 (90%) 4 (57.1%) 5 (71.4%) 4 (57.1%) 

C 3 (30%) 2 (20%) 1 (10%) 1 (14.3%) 1 (14.3%) 1 (14.3%) 
 
BMI: body mass index; TTR: transthyretin; SGA: subjective global assessment. 
†Including patients who underwent colostomy but excluding patients who died before following up their nutritional status. 
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TTR and SGA, are summarized in Table 4. Statistically 
significant differences between the 2 groups and at each 
collection time were not found; however, TTR tended to 
increase over time in both groups.  

In an exploratory analysis by the modified intention-to-
treat method (including all patients who entered Day 3 of 
the study, except the colostomy patient for whom defeca-
tion and diarrhea could not be determined), 2 of 12 pa-
tients in the pectin-containing formula group had diarrhea 
while 2 of 11 patients in the standard polymeric formula 
group had diarrhea. There was no statistically significant 
difference between the 2 groups, giving a p value of 
1.000. 
 
DISCUSSION 
In this study, the efficacy and safety of a pectin-
containing formula were investigated. In a previous study 
using a pectin-containing formula for nutrition support 
after esophagectomy, it was reported that the incidence of 
diarrhea was lower in the patients using the pectin-
containing formula compared to patients using polymeric 
enteral nutrition.12 In our study, diarrhea occurred in 10% 
of patients in the pectin-containing formula group (1 out 
of 10 patients) and 14% of patients in the standard poly-
meric formula group (1 out of 7). Although the pectin-
containing formula group showed a preferable result in 
the proportion of diarrhea patients, in concordance with 
the previous study, there was no statistical significance 
(p=0.787). The non-significant difference may be caused 
by inadequate power in this pilot study. This leads to the 
suggestion to conduct larger, well-designed studies in the 
future. 

The stool frequency in the pectin-containing formula 
group was slightly higher than that in the control group. 
Despite the increased frequency of bowel movements, the 
frequency of muddy and watery stools was slightly lower 
in the pectin-containing formula group, suggesting that 
normal stools were excreted as a result of using a pectin-
containing formula. The pectin-containing formula used 
in this study contains pectin, which when mixed with 
calcium ions, results in an increased viscosity (thickening) 

of formula under acidic conditions. Jam is an example of 
the application of pectin’s mechanism. Animal studies 
have shown that pectin facilitates defecation by rapidly 
passing it through the gastrointestinal tract.13,14 The high 
frequency of bowel movements observed in the pectin-
containing formula group may be attributable to pectin. In 
a study using a viscosity-regulating pectin solution, the 
incidence of diarrhea was unchanged, but stool form im-
proved compared with a commonly used enteral nutrition 
liquid diet.7 

In this study, the concentration of the standard poly-
meric formula in the control group was prepared at 0.8 
kcal/mL in order to match the concentration of the pectin-
containing formula. In Thailand, the standard polymeric 
formula is usually prepared and used at a concentration of 
1 kcal/mL. Diluting the formula results in a lower osmo-
larity from 390 mOsml/L to 312 mOsml/L, which may 
have affected the results by decreasing the gastrointestinal 
symptoms observed in the control group. However, the 
osmolarity of both formulations used in this study were 
optimized as normal practice.15  

In both groups, the nutritional management of the pa-
tients went well. Nutrition-related parameters could be 
maintained throughout the study. Transthyretin, a visceral 
protein synthesized by the liver, tended to increase over 
the course of nutritional treatment in both groups, imply-
ing that the administered nutrients were incorporated into 
visceral proteins effectively.  

At our hospital, feeding is normally performed four 
times a day. The pectin-containing formula used in this 
study is packaged in an RTH container, resulting in a de-
creased amount of time required for medical staff regard-
ing duties related to patient feeding. A survey was con-
ducted of 50 nurses who were involved with the admin-
istration of the products in this study. The results are 
shown in Figure 3. Most of the respondents replied that 
the pectin-containing formula in the RTH was easier to 
use because it did not require dissolution or other 
measures necessary before administration and that the 
duties related to its administration were decreased. 

This study has the limitation of inadequate sample size 

 

 
Figure 3. Survey results regarding the preference for the study products by the nurses involved in the study. 
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for extrapolation to enteral feeding practice in general. 
Patients studied were acutely ill with multiple comorbidi-
ties unlike general patients who might have less illness 
severity and feeding difficulties. Duration of observation 
was short with high dropout rate.  

 
Conclusion 
Pectin-containing liquid enteral nutrition was not detecta-
bly superior to the standard polymeric formula in this 
study in terms of gastrointestinal symptoms. 

Safe and convenient nutritional management was made 
possible by using the pectin-containing formula. This 
ready-to-hang enteral nutrition product can be adminis-
tered directly by connecting it to a feeding tube, resulting 
in safe, convenient, and hygienic nutritional management. 
 
ACKNOWLEDGEMENTS 
We thank the team from Medica Innova (Bangkok, Thailand, 
CRO) for data collection, control, and statistical analysis. We 
are especially grateful to the nurses, nutrition support team, and 
participating patients at the King Chulalongkorn Memorial 
Hospital for their many and invaluable contributions. 
 
AUTHOR DISCLOSURES 
The authors declared no potential conflicts of interest with re-
spect to the research, authorship, and/or publication of this arti-
cle. Funding and study samples were provided by Otsuka Phar-
macy Factory, Inc. (Tokushima, Japan). 
 
REFERENCES 
1. McClave SA, Taylor BE, Martindale RG, Warren MM, 

Johnson DR, Braunschweig C et al. Guidelines for the 
Provision and Assessment of Nutrition Support Therapy in 
the Adult Critically Ill Patient: Society of Critical Care 
Medicine (SCCM) and American Society for Parenteral and 
Enteral Nutrition (A.S.P.E.N.). JPEN J Parenter Enteral Nutr. 
2016;40:159-211. doi: 10.1177/0148607115621863. 

2. de van der Schueren MAE, Howard P. Techniques of 
Nutritional Support. In: Sobotka L, editor. Basics in Clinical 
Nutrition, 5th Edition. Prague: Publishing House Galen; 
2019. pp. 287-376. 

3. Adachi K, Furuta K, Morita T, Nakata S, Ohara S, Tanimura 
T et al. Half-solidification of nutrient does not decrease 
gastro-esophageal reflux events in patients fed via 
percutaneous endoscopic gastrostomy. Clin Nutr. 2009;28: 
648-51. doi: 10.1016/j.clnu.2009.05.006. 

4. Nakayama T, Hayashi S, Okishio K, Tomishiro T, Hosogai 
K, Ootsu Y, Morioka Y, Hatsuda K, Naito E, Sakatani M. 
Prompt improvement of a pressure ulcer by the 
administration of high viscosity semi-solid nutrition via a 

nasogastric tube in a man with tuberculosis: a case report. J 
Med Case Rep. 2010;4:24. doi: 10.1186/1752-1947-4-24.  

5. Nishiwaki S, Araki H, Shirakami Y, Kawaguchi J, Kawade 
N, Iwashita M et al. Inhibition of gastroesophageal reflux by 
semi-solid nutrients in patients with percutaneous 
endoscopic gastrostomy. JPEN J Parenter Enteral Nutr. 
2009;33:513-9. doi: 10.1177/0148607108327045. 

6. Axelos MAV, Thibault JF. Chemistry of low-methoxyl 
pectin gelation. In: Walter RH, editor. The chemistry and 
technology of pectin. London: Academic Press; 1991. pp. 
109-17. 

7. Tabei I, Tsuchida S, Akashi T, Ookubo K, Hosoda S, 
Furukawa Y, Tanabe Y, Tamura Y; VREF Study Group. 
Effects of a novel method for enteral nutrition infusion 
involving a viscosity-regulating pectin solution: A 
multicenter randomized controlled trial. Clin Nutr ESPEN. 
2018;23:34-40. doi: 10.1016/j.clnesp.2017.11.005. 

8. Maruyama M, Goshi S, Kashima Y, Mizuhara A, 
Higashiguchi T. Clinical effects of a pectin-containing 
oligomeric formula in tube feeding patients: A multicenter 
randomized clinical trial. Nutr Clin Pract. 2020;35:464-70. 
doi: 10.1002/ncp.10392. 

9. National Collaborating Centre for Acute Care (UK). 
Nutrition support for adults: Oral nutrition support, enteral 
tube feeding and parenteral nutrition. London: National 
Collaborating Centre for Acute Care (UK); 2006. 

10. The World Health Organization. Diarrhea. [cited 
2016/11/25]; Available from: http://www.who.int/topics/ 
diarrhoea/en/.  

11. Lewis SJ, Heaton KW. Stool form scale as a useful guide to 
intestinal transit time. Scand J Gastroenterol. 1997;32:920-4. 
doi: 10.3109/00365529709011203. 

12. Ohkura Y, Ueno M, Shindoh J, Iizuka T, Udagawa H. 
Randomized controlled trial on efficacy of oligomeric 
formula (HINE E-GEL®) versus polymeric formula 
(MEIN®) enteral nutrition after esophagectomy for 
esophageal cancer with gastric tube reconstruction. Dis 
Esophagus. 2019;32:doy084. doi: 10.1093/dote/doy084. 

13. Kagawa T, Endo N, Ebisu G, Yamaoka I. Fecal imaging 
demonstrates that low-methoxyl pectin supplementation 
normalizes gastro-intestinal transit in mice given a liquid 
diet. Physiol Rep. 2018;6:e13662. doi: 10.14814/phy2. 
13662. 

14. Han SH, Park K, Kim EY, Ahn SH, Lee HS, Suh HJ. Cactus 
(Opuntia humifusa) water extract ameliorates loperamide-
induced constipation in rats. BMC Complement Altern Med. 
2017;17:49. doi: 10.1186/s12906-016-1552-8. 

15. Roberts S, Kirsch R. Enteral nutrition formulations. In: 
Mueller CM, editor. The ASPEN Adult Nutrition Support 
Core Curriculum. 3rd Edition. Silver Spring: American 
Society for Parenteral and Enteral Nutrition; 2017. pp. 227-
49.

 
 


