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What is the Effect of Apple Juice Intake on Oxidative Stress 
and Serum Potassium Levels after a Single Hemodialysis 

Session? A Pioneer - Pilot Study

Case Report
Published: 20 Dec, 2021

Abstract
Background: Fuji apple intake appears to be promising to improve antioxidant parameters without 
affecting serum Potassium (K) levels in Hemodialysis (HD) patients. We aim to analyze the effect of 
Fuji Apple Juice (AJ) intake on Oxidative Stress (OS) and biochemical parameters after a single HD 
session in chronic HD patients.

Case Report: Six HD patients consumed 300 mL and 150 mL of Fuji AJ (Malus domestica Borkh) on 
different days, immediately after a single HD session. A 3-week washout period was applied between 
the two doses. Blood samples were collected before and after 30 min and 60 min. We analyzed 
the total antioxidant status, Total Oxidant Status (TOS), Ascorbic Acid (AA), catalase, glutathione 
peroxidase, Superoxide Dismutase (SOD), and reduced glutathione, as well as biochemical 
parameters including phosphorus, K, Uric Acid (UA), and glucose. After both trials, patients were 
questioned by telephone about AJ tolerance.

Conclusion: The 300 mL of AJ significantly increased TOS (p=0.05), AA (p=0.001), UA, and K 
levels (p ≤ 0.00) over time, while SOD activity increased significantly only after 30 min (p=0.02). 
After 150 mL of AJ, UA and phosphorus levels increased significantly (p<0.00). Acute AJ intake 
did not affect bowel habits and no adverse gastrointestinal events were reported. Thus, acute AJ 
intake was well tolerated and 300 mL of AJ may provide mild-favorable effects on antioxidant status 
without exceeding recommended values of serum K in HD patients.

Keywords: Hemodialysis; Apple juice; Acute intake; Oxidative stress; Potassium

Abbreviations 
K: Potassium; HD: Hemodialysis; AJ: Apple Juice; OS: Oxidative Stress; TOS: Total Oxidant 

Status; AA: Ascorbic Acid; SOD: Superoxide Dismutase; UA: Uric Acid; SD: Standard Deviation; 
EPAGRI: Rural Issues and Agricultural Research Institute of Santa Catarina

Introduction
Increased Oxidative Stress (OS) is related to chronic inflammation and all-cause mortality in 

maintenance Hemodialysis (HD) patients [1]. Strong evidence shows that food-based antioxidant 
intake is more advantageous to treat chronic kidney disease in relation to nutrient-based 
supplementation, for instance, citric fruit in the diet leads to a better response against OS when 
compared to Ascorbic Acid (AA) supplementation [2].

Several fruits are rich in polyphenols, a powerful group of antioxidants [3]. Polyphenols act 
as anti-inflammatory and antioxidant agents and prevent cardiovascular diseases [4], which is the 
main cause of death among HD patients [5]. Apples are considered a valuable source of nutrients 
and phytochemicals, including polyphenols [6]. The intake of an apple twice a day for a week was 
well-tolerated among HD patients and showed promising effects on antioxidant status without 
affecting serum Potassium (K) levels [7]. Juice made from 100% fruit showed favourable evidence of 
antioxidant content which may also provide health benefits [8,9].

To date, there are no published studies showing the effects of Apple Juice (AJ) intake on OS and 
K levels in chronic HD patients. In this pioneer-pilot study, we hypothesized that acute AJ intake of 
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150 mL and 300 mL would have beneficial effects on OS parameters 
after a single HD session, without increasing serum K levels.

Case Presentation
Six patients were analyzed in this study. All of them were on 

dialysis 3 times/week (3 to 4 h/session) with polysulfone dialyzer 
membrane. Patients were 49.3 ± 11.4 (mean ± SD) years-old and 
mainly male (n=5). The most common etiologies for chronic kidney 
disease were diabetes (n=4), hypertension (n=1), and atrophic kidney 
(n=1). Patients showed dialysis vintage of 38.8 ± 51.1 (mean ± SD) 
months, body mass index (body weight (kg)/height (m)2) of 28.5 ± 
5.8 kg/m2 (mean ± SD), creatinine of 1140.3 ± 234.2 μmol/L (mean 
± SD), Kt/V of 1.29 ± 0.16 (mean ± SD), glomerular filtration rate 
of 4.33 ± 1.21 mL/min/1.732 (mean ± SD), hematocrit of 33.5 ± 
2.58% (mean ± SD), and hemoglobin of 109 ± 9.6 g/L (mean ± 
SD). All patients received phosphorus binders and intravenous 
erythropoietin, and they were all on therapeutic regimens which 
included antihypertensive and/or antidiabetic drugs. For this study, 
participants were used as their own controls, thus all data were 
compared to individual baseline values. This study was conducted 
from June to August 2015 in a dialysis clinic located in a southern 
capital of Brazil. Each volunteer consumed Fuji AJ immediately after 
a dialysis session. Three hundred milliliters of AJ were consumed in 
the first trial, followed by 150 mL of AJ in the second trial. A 3-week 
washout period was applied between the two intervention days 
(Figure 1). The Fuji apples were obtained from the Rural Issues and 
Agricultural Research Institute of Santa Catarina (EPAGRI) (latitude 
28°17' 39", longitude 49°55' 56" and altitude 1.415 m), Brazil. Mature 
apples were harvested during the 2015-season and stored at + 4 ± 1°C 
(mean ± SD) until the trials. Approximately 3.5 and 1.5 units of Fuji 
apples were used to prepare 300 mL and 150 mL of AJ, respectively. 
The 300 mL-dose was chosen considering favourable effects previously 
described in healthy volunteers [9]. Unpeeled apples without seeds or 
added water were blended in a centrifugal juice extractor (Britânia®, 
São Paulo, Brazil). The juice, containing 100% apple was consumed 
immediately after the mentioned procedure. Chemical composition, 
polyphenol content, and antioxidant capacity from both trials (150 
mL and 300 mL AJ) were measured and showed no significant 
differences between each other (Table 1). All participants received 
dietary monitoring and counseling from a certified dietitian. Subjects 
were instructed to avoid polyphenol-rich foods for 2 days before the 

AJ intake. Participants were contacted by telephone twice- on the 
day of and one day after the trials and asked about stool frequency 
and consistency (constipation, hard, formed, soft, or diarrhea), 
abdominal pain, intestinal bloating, and flatulence (none, mild, 
moderate, or severe). Blood samples were drawn for analysis before Figure 1:  Experimental design of acute apple juice intake.

Parameter, unit
Apple juice

p
300 mL 150 mL

Dry matter, % 14.08 (0.63) 14.28 (0.34) 0.47

TSS, °Brix 14.13 (0.81) 14.01 (0.92) 0.66

pH 4.59 (0.19) 4.49 (0.15) 0.22

TA, g eq malic acid/dL 2.04 (0.62) 1.58 (0.27) 0.06

TP, mg EGA/dL 43.24 (16.0) 50.40 (2.52) 0.20

TF, mg eq. catechin/dL 4.66 (0.27) 5.04 (0.15) 0.26

TMA, mg ci-3-gli/dL 0.47 (5.18) 0.33 (0.04) 0.10

DPPH, EC50 mg/L 18.06 (8.71) 17.40 (3.17) 0.83

Table 1: Chemical composition of Fuji apple juice used in the study.

TSS: Total Soluble Solids; TA: Titratable Acidity; TP: Total Phenolic; EGA: 
Equivalent Gallic Acid; TF: Total Flavanol; TMA: Total Monomeric Anthocyanin;
DPPH:  serum 2,2-diphenyl-1-picrylhydrazyl radical-scavenging activity. Results 
as mean (SD). p values obtained using Student t-test

Parameter Time, unit
Apple juice

p*

300 mL 150 mL

Baseline, mmol/L 0.45 (0.24) 0.34 (0.09)

TAS 30 min, ∆% - 2.20 (30.60) - 2.90 (21.50) 0.3

60 min, ∆% - 2.20 (32.40) - 8.80 (13.10)

Baseline, mmol/L 0.25 (0.17)a 0.16 (0.07)

TOS 30 min, ∆% +44 (104)b +12 (70.10) 0.15

60 min, ∆% +72 (134.40)c +25 (128.60)

Baseline, U/mg Hb 0.65 (0.27) 1.50 (0.63)

Catalase 30 min, ∆% +48 (67.50) +51 (76.60) 0.03

60 min, ∆% +12 (164.20) +20 (33.40)

Baseline, U/mg Hb 121.80 (73.10)a 152.50 (23.30)

SOD 30 min, ∆% +11.60 (137.60)b +4 (27.60) 0.36

60 min, ∆% -2.90 (149) -15 (22.40)

Baseline, U/mg Hb 16.50 (12.10) 22 (15.20)

GPx 30 min, ∆% +19 (34.20) -4.50 (17.90) 0.56

60 min, ∆% -7.30 (51.30) -37 (43.20)

Baseline, μmol/g Hb 6.23 (2.71) 6.53 (1.58)

GSH 30 min, ∆% -8.30 (23.50) +15.60 (14.70) 0.54

60 min, ∆% +6.70 (58.10) +6.70 (21.10)

Baseline, μmol/L 99.50 (13.10)a 28.50 (15)

Ascorbic acid 30 min, ∆% +11.20 (7.50)b +3.90 (3.90) <0.00

60 min, ∆% +18.10 (8.40)c +8.80 (4.30)

Baseline, μmol/L 109.90 (18.20)a 135 (33.30)a

Uric acid 30 min, ∆% +16.60 (8.50)b +11.90 (7.56)b 0.04

60 min, Δ% +22.10 (13.30)c +16.70 (7.01)b

Table 2: Changes (∆) in oxidative stress after acute intake of Fuji apple juice.

TAS: Total Antioxidant Status; TOS: Total Oxidant Status; SOD: Superoxide 
Dismutase; GPx: Glutathione Peroxidase; GSH: Reduced Glutathione
Values as mean (standard deviation) (n=6). Different subscript letters as 
significantly different effects related to baseline, 30 and 60 min (p ≤ 0.05); *p: 
intergroup effects with two-way RM-ANOVA and Bonferroni test. Bold p values 
≤ 0.05
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(baseline) and 30 min and 60 min after AJ intake (Figure 1). Blood 
samples were centrifuged immediately after collection and stored at 
-80°C until further analysis. Glucose, uric acid (UA), and phosphorus 
serum levels were determined using commercially available kits 
(Labtest®, Lagoa Santa, Minas Gerais, Brazil). Potassium levels were 
determined by an automated Dimension RXL Max System (Siemens 
Healthcare Diagnostics Products GMBH®, Marburg, Germany). 
Total Antioxidant Status (TAS) and Total Oxidant Status (TOS) 
assays were measured by spectrophotometry [10]. Ascorbic Acid 
(AA) [11] and reduced glutathione [12] were determined using high-
performance liquid chromatography. Superoxide Dismutase (SOD) 
activity was evaluated using an SOD Assay Kit (Sigma Aldrich®, St. 
Louis, MO, USA). Catalase and glutathione peroxidase activity were 
determined as previously described [13]. Complementary clinical 
and biochemical data were obtained from medical records (chronic 
kidney disease etiology, dialysis vintage, Kt/V, creatinine, glomerular 
filtration rate, hematocrit, and hemoglobin). This study was approved 
by the Human Research Ethics Committee, and by the U.S. National 
Library of Medicine. All participants provided written and informed 
consent. For statistical analysis, the Student t-test was applied to verify 
differences between the two trials and gastrointestinal symptoms. 
One-way RM-ANOVA was applied to verify the effects of AJ intake 
after 30 min and 60 min on OS and biochemical parameters, followed 
by the post-hoc Bonferroni. Two-way RM-ANOVA was used to 
compare doses of AJ, followed by the post-hoc Bonferroni. Statistical 
analyses were performed with SPSS 17.0 software (SPSS Inc, Chicago, 
IL, USA). A significance level lower than 5% (P<0.05) was considered.

Discussion and Conclusion
Our hypothesis was partially accepted. We found mild-favourable 

effects with 300 mL of AJ on some OS biomarkers, without exceeding 
recommended values of serum K for HD patients [14]. Table 2 
shows the effect size of AJ intake on OS. In the first trial, 300 mL of 
AJ significantly increased TOS (p=0.05), AA (p=0.001) and UA (p ≤ 
0.00) over time, but SOD activity only increased significantly after 30 
min (p=0.02).

Special attention must be given to the intake of fruit juices by 
people with diabetes mellitus, as the AJ showed to increase glucose 
levels. It is noteworthy that AJ did not exceed the recommended K 
values in HD patients (Table 3).

After the dose of 150 mL, only UA increased significantly (p<0.00). 
In summary, acute AJ intake did not change TAS values after a single 

HD session, even though UA levels increased significantly. An 
explanation for this might be the insufficient boosting of UA levels 
to modulate TAS values via the fructose-induced pathway [15]. In 
addition, we speculate that antioxidants found in the given doses of 
AJ were not effective in decreasing TOS levels, even though previous 
studies with different fruit juices demonstrated an effective defense 
against OS in HD patients [16,17].

Both trials maintained the regular bowel habits among patients, 
showing no significant changes in the median defecations per day of 
1.5 (p=0.36), and no adverse gastrointestinal effects were reported 
(data not shown). In conclusion, AJ intake was well tolerated, and 
the dose of 300 mL may provide mild-favourable effects on OS after a 
single HD session, without exceeding recommended values of serum 
K in chronic HD patients.
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