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Abstract  
Background:  Bioavailability of potassium should be considered in setting requirements, but bioavailability from individual foods has not been determined.  Potatoes provide 19-20% of potassium in the American diet.  

Objective: The aim of this study was to compare bioavailability and dose response of potassium from non-fried white potatoes with skin (targeted at 20, 40, and 60 mEq K) and French fries (40 mEq) with potassium gluconate at the same doses when added to a basal diet containing ~ 60 mEq potassium .  

Design: Thirty five healthy, normotensive men and women with a mean age of 29.7+11.2 years and BMI of 24.3+4.4 kg/m2 (mean + SD) were enrolled in this single-blind, cross-over, randomized controlled trial.  Participants were partially randomized to order of testing for 9, 5-day interventions of additional potassium: 0 mEq (control repeated at phase 1 and phase 5), 20 mEq, 40 mEq, 60 mEq potassium per day consumed as a potassium gluconate supplement or as unfried potato or  40 mEq from French fries completed at phase 9.  Bioavailability of potassium was determined from AUC of serial blood draws and cumulative urinary excretion during a 24 hour period and kinetic analysis.  The effect of potassium source and dose on change in blood pressure and augmentation index (AIx) was determined.

Results: Serum potassium AUC increased with dose (p<0.0001) and did not differ due to source (p=0.53).  Cumulative 24 hour urinary potassium also increased with dose (p<0.0001) and was greater with potato than supplement (p<0.0001).  Kinetic analysis showed absorption efficiency was high across all interventions (>94+12%).  There were no significant differences in change in blood pressure or AIx with treatment source or dose.  

Conclusions: Bioavailability of potassium is as high from potatoes as from supplements.  Future studies that include fecal potassium measurements will be necessary to determine whether retention varies due to source and in hypertensive individuals for effect of dietary potassium on blood pressure. 
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Introduction 
Potassium is a shortfall nutrient according to the 2015 Dietary Guidelines for Americans (1). Only 3% of Americans meet the recommended Adequate Intake of 4700 mg/d for potassium (2).  The average potassium (K) intake of Americans is just about half of the recommended intake and among consumers, potatoes provided about 19-20% of potassium in the diet (3).  In setting requirements for most minerals, bioavailability is usually considered.  However, little is known about the bioavailability of potassium and what is known is from potassium salt supplementation  (5-7)  rather than food.  

A few studies have examined potassium kinetics and developed models to describe potassium metabolism.  Ginsburg and Wilde (1) measured tissue distribution of a 42K following IV injection in rats for 7 hr.  Organs differed with respect to how rapidly they took up tracer; they were divided into fast (kidney), intermediate (liver), slow (muscle), very slow (brain, RBC), and other (bone). However, the predicted mass of potassium in each compartment did not match the measured amount of potassium. The authors concluded that each organ contained > 2 exchange pools, and that the six pools existed across organs rather than one pool per organ.  Leggett and Williams (2) proposed an anatomically-based model for humans that can be used for predicting flows and tissue distribution. The control of potassium movement between extracellular and intracellular fluid, and regulation of potassium excretion has been modeled by scaling up a model based on detailed studies in canines to humans (10). Physiological models contain a large number of parameters and are useful for predictions.

Recommended dietary potassium intakes were determined primarily to optimize protection against hypertension and secondarily to protect against stroke and coronary heart disease (3).  
Hypertension affects approximately 27% of the global population and is a major risk factor for stroke, congestive heart failure, myocardial infarction, and peripheral vascular disease (11).  Nutritional interventions that lower blood pressure are important strategies to prevent these  chronic diseases given that poor diet was a major factor associated with death in the US in 2000 (12).  Diets high in potassium relative to sodium have been associated with reduced blood pressure (13-15).  Therefore, the aims of this study were to compare bioavailability, kinetics, and dose response of potassium from white potatoes and potassium gluconate and to study the effect of each source and dose on blood pressure.  For kinetic analysis, we used the simplest model to fit data as we were interested in estimating two parameters, absorption and excretion.



Methods
Participants
Healthy, normotensive men and women aged 20-60 y and with a BMI between 15-35 m/kg2 were enrolled in this study and followed between 2013 and 2014. Exclusionary criteria included hypertension or hypotension or diseases such as kidney malabsorption disorders which are known to affect potassium absorption, taking medication known to affect electrolyte metabolism or contain high levels of potassium or sodium, smoking, taking illegal drugs, pregnancy and nut allergy. 

Participants were recruited from the West Lafayette and Lafayette area by online and poster advertisements.  At a screening visit, participants signed a consent form and were screened for eligibility including a brief medical history, blood pressure, height and weight measurements and blood draw to measure a routine blood chemistry panel, lipid panel and complete blood count.  Participants completed a 4-day food record at baseline and between phases 8 and 9 to assess habitual dietary intake and a baseline 24 hour urine sample was provided.  

This study was conducted according to the guidelines laid down in the Declaration of Helsinki and the Institutional Review Board of Purdue University approved all procedures involving human subjects.  Written informed consent was obtained from all subjects.  The present study was registered at Clinicaltrials.gov ID: NCT01881295.

Study Design
The study consisted of nine 5-day intervention periods separated by a minimum of a 7 day washout period.  In a 9 phase cross-over design participants received a control diet containing 60 mEq  K from normal foods excluding potatoes  plus additional K (0-60 mEq) from potatoes or potassium gluconate supplements in a partially randomized order. Control phases (+0 mEq K) were assigned as phases 1 and 5.  The diet containing French fries (+40 mEq K) was assigned as phase 9 and was optional.  The remaining dietary interventions (+20 mEq, +40 mEq, +60 mEq potassium as potassium gluconate pills or unfried potatoes) were assigned to phases 2,3,4,6,7, and 8 in randomized sequence according to a computer generated randomized allocation assigned by the statistician. In order to blind the doses of supplements potassium gluconate and placebo pills were combined to provide the same number of pills for each assigned dose.  Potato supplementation could not be blinded.  For three days subjects arrived daily at the Purdue Clinical and Translational Sciences Institute clinical Research Center to receive their assigned meals which were consumed in a free living setting.  On day 4 subjects consumed their meals in the clinic as part of a 24 hour clinical bioavailability study.   On the fifth day subjects continued the controlled diet in a free living setting after  fasting blood and blood pressure measurements were assessed.  On the morning of day 6 the subjects returned for blood pressure and Pulse Wave Analysis .
Controlled Diets
Potato or potassium supplements were added in quantities described above to a controlled diet containing approximately 60 mEq/d potassium from foods excluding potatoes. All foods and drinks were controlled during each intervention period and mineral-free water was provided ad libitum.  Participants were assigned to one of four energy levels (6700, 8400, 10000, 11700 KJ) based on energy requirements estimated by Harris-Benedict equations  (16)  to maintain body weight.  Three meals and 2 snacks were provided on days 1, 2, 3 and 5 as pack-out meals. Subjects were required to return any uneaten food when they returned to the clinic the following day.  Potassium gluconate and placebo pills for each day were split by dose to be consumed at breakfast, lunch and dinner.  On day 4, 2 identical test meals, each containing half of the total assigned potassium were provided at 0 hours (~ 7 am)  and 5 hours (~ 12 N). A third meal was provided at 11.5 hours (~ 6:30 pm) and 1 snack was consumed after 12 hours (7 pm).  Potassium gluconate or placebo pills were given mid-meal at 0 and 5 hours.  During the 24 hour clinical bioavailability study, sodium was kept constant between 1925-2400 mg/d for all interventions.  

Potassium Gluconate and Potatoes
Potassium (2.3 mEq/pill) as potassium gluconate and placebo pills were provided by Delavau, Philadelphia, USA.  Potatoes, french fries and prepared potato products were provided by McCain Foods Limited.   Three different fresh potato batches were used in the study: 1 batch from Washington and 2 batches from Idaho containing 0.1, 0.07, and 0.06 mEq, respectively.  Potato servings were adjusted accordingly for the correct potassium dose.

Compliance
All food and drinks which were not consumed were returned, weighed and recorded for compliance.  All potassium gluconate supplements that were not consumed were returned and counted.  

Anthropometric Measurements
Height and weight were measured at baseline and weight was measured on the 4th day of each intervention phase.  

Potassium Bioavailability and Kinetics (Primary Outcome Measure)
On day 4, participants collected urine for 24 hours starting from the second collection on day 4 until the first collection on day 5.  Samples from the 24 hour period were pooled at baseline, 2, 4, 6, 8, 10, 12 and 24 hours and frozen at -20 °C for later analysis.

On day 4, blood was drawn at baseline and following breakfast containing half of one of the intervention doses of potassium either as  potassium gluconate or potato, blood was drawn at 0.5, 1, 2, 3, 3.5, 4, 4.5, 5, 8, 9, 12 and 24 hours post breakfast meal and frozen at -80 °C for later analysis.  Serum potassium was measured by atomic absorption spectrophotometry (AAS, 5100 PC, Perkin Elmer, Waltham MA).  Urinary potassium was measured by Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES, Optima 4300, Perkin Elmer, Waltham MA)

Model Development 
Control period:
Data consisted of plasma potassium concentration and urine potassium excretion over a 24 h period. The data from subjects with at least 8 treatment periods (n=19) were analyzed by compartmental modeling using WinSAAM (17).  A 2-compartment model was used initially based on a model prosed by in Jasani and Edmonds (18). Total body potassium, determined by whole body counting of the long-lived radioisotope, 40K, has been reported to range from 66 to 173 g (18). We assumed that whole body potassium content of our subjects was 100 g. To satisfy this assumption, it was necessary to add a third compartment to the model.

Two models were set up with identical parameter values. The first ‘tracer’ model was used to calculate steady state masses. The masses were used as the initial condition of the second tracee model. The tracee model also had a ‘dosing’ compartment which contained the potassium in each meal. Parameter values (represented by the arrows between compartments) were made adjustable and fitted by a least squares fitting routine in WinSAAM to minimize residuals, between observed data and model calculated values, to optimize the fit of the model to the whole body potassium, plasma and urine potassium during the control period. It was necessary to allow the parameter for urinary excretion to change during the 12-24 hr period, as urinary excretion of potassium decreased overnight.  A fit was considered acceptable when there were no consistent deviations between the urine data, and the calculated values, the pattern of the plasma data were fitted by the model, and parameter fractional standard deviations were less than 0.75.

Absorption, as a fraction of ingested potassium absorbed, was calculated as the ratio of the pathway from compartment 8 into compartment 1, over the sum of the pathways out of compartment 8 (i.e., pathways labeled 1/(1+2)). Urinary excretion, represented by pathway 3, was expressed as fraction of compartment 1 going to urine (i.e., pathway 3/(3+4)) and return of potassium from compartment 2 was expressed as a fraction of the turnover of compartment 2 (i.e., pathway 5/(5+6)).

Intervention:
Another tracee model, with the same initial conditions as during the control period, was set up to represent the intervention period. The treatment model had an additional dosing compartment for the treatments. The model was fitted to data for each subject. Parameter values were compared to those of the control period preceding the treatment. It was found that data during the treatment periods could be fitted by allowing 3 parameters to vary from the control period; release from the second compartment back to the first compartment, and urinary excretion during the day and overnight periods. In some subjects, the intervention data could be fitted by allowing absorption to vary, rather than movement from compartment 2 to compartment 1, but all subjects could be fitted with this pathway varying, and these results are presented.

Blood Pressure and Arterial Stiffness 
Fasting arterial blood pressure (secondary outcome measure) was measured on days 1, 2, 3, 5 and 6 using an upper arm blood pressure monitor (Omron BP791IT).   On day 4, blood pressure was measured at 0, 6 and 11 hours.  

Participants were seated for 10 minutes before blood pressure was measured in a seated position, 3 times, with 1 minute between measurements.  On the morning of days 1 and 6, central augmentation index (AIx) was calculated by pulse wave analysis (PWA).  Peripheral pressure waveforms were measured from the radial artery at the wrist by tonometry using a SphygmoCor device (Atcor Medical, Sydney, Australia).  The radial waveform was converted to calculated central aortic pressure using Atcor software, version 9.  AIx was expressed as aortic Pressure divided by pulse pressure, expressed as a percentage.  Larger AIx values suggest greater arterial stiffness.

Side Effects
Participants were asked daily to report any side effects or discomfort and completed an adverse effects questionnaire at the end of day 4 recording abdominal pain, bloating, flatulence, diarrhea and stomach noises on a scale of 0-5, where 0 was none and 5 was a lot.

Statistical Analysis
Area under the curve (AUC) was calculated using the trapezoidal rule.   In a plot of serum potassium data versus time, lines were drawn from each observation to the x axis and the observations were connected by line segments.  The areas of the resulting trapezoids were summed to obtain the AUC.  A mixed linear model that included terms for subject, intervention period, and sex was used to analyze serum potassium 24-hour AUC and 24-hour urinary potassium.  There were nine intervention periods:  two controls (0 mEq), potassium source (supplement or potato) crossed with dose (~20, 40, 60 mEq), and French fries (~40 mEq).  Contrasts were constructed to estimate the linear effects of dose (~20, 40, 60 mEq), the main effect of source of potassium, the interaction of dose and source, and the difference between French fries and the other ~40 mEq interventions.  Covariates included age, BMI, height, and weight.   A similar model was used to analyze the change in blood pressure from day 1 to day 6, averaged over the last two of the three replicates, with the control period change as a covariate. 


For kinetic analysis, parameters between control periods, each intervention compared to control periods, and between potato and K salt interventions for each dose were compared using Paired t-tests. Differences were significant for P<0.05.

Since little is known about the bioavailability of potassium, variance from previous calcium studies were used for power calculations which indicates a sample size of 26 was required to reach 80% power to see significant differences between interventions. 

All statistical analyses were performed using SAS Version 9.3.


Results 
Recruitment
Fifty nine participants were screened to take part in the study, 54 participants met the inclusionary criteria and were recruited to the study.  Forty five participants began the study, 42 participants completed the first intervention phase and 35 participants took part in at least 2 intervention phases and were included in the final analysis. (See Figure 1).  Baseline characteristics of men and women and the entire group are given in Table 1.  Distribution by sex was nearly equal and subjects met inclusion criteria for healthy normotensive.

Analysis of Intervention
By analysis, potassium intervention for potatoes was 18.5, 37, and 55.5 mEq/d.  The potassium gluconate provided supplement 0, 20, 40, or 60 mEq potassium/d.

Habitual Dietary Potassium
Two 4-day food diaries were analyzed for habitual dietary potassium intake.  Average potassium intake was 2344+753 mg/d (mean+SD).  No difference was found between dietary potassium intake for men compared with women (  2550+857  and 2175+635 mg/d, p=0.16).   

Compliance (%)
Returned potassium gluconate supplement and placebo pills were counted.  Food not consumed was returned and weighed.    Overall compliance for test days was 99-100% for all interventions. Urinary potassium increased linearly with dose as an objective indicator of compliance.

Potassium Bioavailability
For 24-hour serum potassium AUC, there were no effects of sex (p=0.053) or interaction of dose by potassium source (p=0.25).  No difference between supplement and potato was found (14.8 mEq potassium/d, 95% CI -31 to 61, p=0.53).    The difference between French fries and the average of 40 mEq supplement and potato was not statistically significant (29.9 mEq potassium/d, 95% CI -52 to 111, p=0.47).    Results were summarized using the linear effect of dose (p<0.0001, slope=2.15 (se=0.44)), see Figure 2.  For 24-hour urinary potassium, no effects of sex (p=0.54) or interaction of dose by potassium source (p=0.35) were found.  Potassium source was statistically significant with potato having higher values than supplement (p<0.0001, estimate of difference=522 (se=0.60)).  The difference between French fries and 40 mEq supplement was not statistically significant (p=0.42), but the difference between French fries and 40 mEq potato was statistically significant (p=0.003).  Results were summarized using the parallel linear effect of dose for each source (p<0.0001, slope=16.7(se=1.3)), see Figure 3.    No statistically significant effects for blood pressure or AIx (pulse wave) were found.  The covariates had essentially no affect on the results.

Kinetic Analysis
The kinetic model developed is shown in Figure 4.  Kinetic analysis showed that potassium absorption was high (>94±12%) and did not differ between control and any of the intervention periods (Table 2).  Thus, total absorbed potassium increased with dose.  Fractional urinary excretion during the day (i.e., 0 to 12 hr) was higher for all treatments compared to controls (Table 2).  The increases were higher for potato than for K salt at 40 and 60 mEq doses.   Excretion overnight (i.e., 12-24 hr) was less than half the daytime value (Table 2 and Figure 5); only 60 mEq supplement from potato was higher than control.  

For the control period, 2% of potassium in compartment 1 went to urine, and this increased to 5% for the 60 mEq supplement period (Table 2).  The value was significantly higher in the 60 mEq potato period (5.8%).  The return of potassium from compartment 2 to compartment 1 increased from 41% in the control to 45% in the 60 mEq potato period, but did not differ between interventions (Table 2).

The 40 mEq French fry intervention did not differ from the 40 mEq supplement intervention, but excretion from 40 mEq French fry was less than 40 mEq from potato (0.22±0.05/h and 0.24±0.05/h, respectively).  This translated into a smaller fraction of compartment 1 being excreted with the 40 mEq French fry intervention (4.3±0.9%) than with the 40 mEq potato intervention (4.7±0.9%), (data not shown).

The calculated mass of compartments 1, 2, and 3 were 0.97±0.1, 2.9±1.1, and 92±8 g respectively. The volume of distribution of compartment 1 was estimated by making it adjustable for the control period for the first subject. When it was adjustable it increased parameter uncertainty and did not improve the fit of the other subjects and so it was fixed at 7.5 L for all subjects.  Other fixed parameters were transfer into compartment 2 from compartment 1 at 4.9/hr, into compartment 3 from compartment 2 at 2.61/h and from compartment 3 into compartment 2 at 0.073/h. 

Blood Pressure and Arterial Stiffness 
There were no significant differences in blood pressure change between day 1 and day 6 with potassium dose (SBP p=0.34, DBP p=0.69), potassium source (SBP p=0.39, DBP p=0.49) or sex (SBP p=0.86, DBP p=0.51).  There were no significant differences in blood pressure change between day 1 and day 6 with French fry intervention compared to the equivalent average potassium gluconate and potato dose (SBP p=0.46, DBP p=0.49).

Similarly, change in AIx between day 1 and day 6 did not differ significantly between potassium dose (p=0.93), potassium source (p=0.82) or sex (p=0.99).

Side Effects/Symptoms
Subjects were asked to evaluate gastrointestinal symptoms including abdominal pain, bloating, flatulence, diarrhea and stomach noises after consuming the various interventions for 4 days.  Symptoms were rated on a scale of 0 (none) to 5 (extreme symptom).  The average of all subjects and interventions was < 1 for all symptoms (range 0.2-0.8) indicating very mild, if any gastrointestinal discomfort with either the pill or potato inventions.  

Discussion
Although apparent potassium absorption has been estimated from total diets (19,20), little is known about the bioavailability of potassium from individual sources.  Previously only urinary potassium was used to assess potassium bioavailability from potassium salt supplementation  (5-7). In this study, we have shown that urinary potassium excretion increases with potassium dose and was higher with potato and French fries than with potassium gluconate.  For the first time serum potassium is reported in response to intake. Serum potassium increased with dose and did not differ due to source.  

Kinetic analysis showed that potassium absorption efficiency was high (>94+12%) and similar to previously reported balance studies in 4 subjects (>90%) and similar to apparent potassium absorption from a total diet of 84% (19).  The kinetic analyses show that absorption efficiency does not decrease with dose so that the total amount absorbed is approximately equivalent to the ingested dose.  Higher excretion of potassium occurs during the day, rather than overnight.  During a 24 h period, urinary potassium excretion varies with activity and fluctuations in potassium intake with meals (21).  In mice, activity alters gene expression of potassium channels in the collecting duct in the kidney (22).  With respect to meals, enteric solute sensors are considered to respond to dietary potassium (and other ions) by signaling the kidney to rapidly alter ion excretion or resorption. The circadian pattern of potassium excretion, where excretion is higher during the day and lower at night, is due to higher concentration of potassium in the collecting ducts rather than changes in flow (23).  It has been hypothesized that dysregulation of these circadian rhythms may contribute to changes in blood pressure and development of hypertension (22).

The estimated average habitual dietary potassium intake of participants in our study of 2340 mg/d was comparable to the estimated average potassium intake of Americans from the 2003-2006 representative sample of 2591 mg/d (2).

We found no differences in blood pressure due to potassium dose or source.  This is at odds with a cross over study by Vinson et al. where purple potato consumption decreased blood pressure in overweight, hypertensive individuals over 4 weeks (24).  The differences between these results and ours may be explained by the duration of the studies, the type of potatoes and the higher blood pressure of the overweight individuals in the Vinson et al. study compared with the healthy participants in our study. Ours was a short study in a healthy population and it is possible than in a longer study in a larger population of hypertensive participants would have given the power to see decreases in blood pressure from both potassium salt and potatoes.  Effect of sodium reduction interventions on reducing blood pressure is established by one week according to a recent meta-analysis (25).  Assuming blood pressure response to increasing dietary potassium is equally rapid, baseline blood pressure may be the larger predictor of response.

Strengths of this study are its novel aim to assess bioavailability of potassium from a food, especially one that is a dominant vegetable source of dietary potassium.  The controlled diet, prolonged clinical visits, and cross-over design are other strengths.  Limitations include the small sample size using a convenience sample which limits generalizability.  The small sample size in a normotensive population and short duration of the intervention likely precluded our ability to determine the relationship of potassium intake to blood pressure.  We were unable to determine potassium retention in the absence of a balance study or sweat collection; losses can be high under conditions of high temperature (28), though not in moderate climates (29).   

Conclusions
This is a unique study, which compares the bioavailability of potassium from food with that from a salt.  The results suggest that bioavailability of potassium is higher from potatoes than from supplements which is a positive message for potassium nutrition from food.  A longer balance study in a hypertensive population is needed to determine net potassium balance and if the greater potassium bioavailability from potatoes compared with that from potassium salt leads to improved cardiovascular risk profiles.  
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Table 1.  Baseline Characteristics1 
	 
	All* 
Mean (SD)
	Men
Mean (SD)
	Women
Mean (SD)

	n
	35
	16
	19

	Age (y)
	29.7 (11.2)
	29.2 (8.6)
	30.2 (13.2)

	Height (cm)
	170.0 (9.7)
	177.4 (7.4)
	163.9 (6.6)

	Weight (kg)
	70.5 (15.0)
	76.4 (13.2)
	65.5 (15.0)

	BMI (kg/m2)
	24.3 (4.4)
	24.4 (4.8)
	24.2 (4.2)

	Systolic Blood Pressure (SBP) (mmHg)
	107.8 (8.5)
	112.0 (7.4)
	104.2 (7.9)

	Diastolic Blood Pressure (DBP) (mmHg)
	70.9 (7.2)
	70.2 (6.1)
	71.5 (8.2)



1 Includes only those participants that completed at least 2 phases.
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Table 2: Model (Figure 4) parameter values with interventions (Mean, SD, n=19).
	 
	 
	Intervention

	
	
	
	Supplement
	Potato

	Parameter
	Unit
	Control 
	20 mEq
	40 mEq
	60 mEq
	20 mEq
	40 mEq
	60 mEq

	Absorption
	(Fraction)
	0.94
	0.95
	0.93
	0.94
	0.94
	0.95
	0.95

	(SD)
	 
	0.12
	0.10
	0.13
	0.14
	0.13
	0.11
	0.11

	Urine excretion-daytime
	(Fraction/h)
	0.098
	0.1711
	0.2091
	0.2591
	0.1951
	0.2441,2
	0.3001,3

	(SD)
	 
	0.014
	0.057
	0.045
	0.038
	0.051
	0.051
	0.046

	Urine excretion-overnight
	(Fraction/h)
	0.043
	0.046
	0.053
	0.051
	0.043
	0.045
	0.0521

	(SD)
	 
	0.027
	0.022
	0.029
	0.025
	0.021
	0.026
	0.025

	Compartment 1 going to urine
	(Fraction)
	0.020
	0.0341
	0.0411
	0.0501
	0.0381
	0.0471,2
	0.0581,3

	(SD)
	 
	0.003
	0.011
	0.008
	0.007
	0.010
	0.009
	0.008

	Pathway from compartment 2 to compartment 1
	(Fraction/h)
	1.808
	2.0451
	1.7691
	1.7881
	1.8161
	2.021
	2.1661

	(SD)
	 
	0.616
	0.819
	0.449
	0.470
	0.394
	0.901
	0.858

	Compartment 2 to compartment 1
	(Fraction)
	0.409
	0.4371
	0.4061
	0.4081
	0.4141
	0.4311
	0.4501

	(SD)
	 
	0.084
	0.103
	0.059
	0.058
	0.041
	0.115
	0.103


1Significantly different, P(< 0.05), Paired t-test from control,
 2Potato at 40 mEq was different from supplement at 40 mEq 
3potato at 60 mEq was different from supplement at 60 mEq.


Figure Legends

Figure 1.  Flow Diagram of Potassium Bioavailability Study.  The study design included a partial randomization scheme.   All subjects were assigned to Control 1 as the first phase and Control 2 as the fifth phase.  The French Fry intervention was an option as the last phase of the study.  All other potato and K salt interventions were assigned in a random sequence.

Figure 2.  Mean Serum Potassium( ± 95% CI) measured by Area Under the Curve determined by serial blood draws at 0.5, 1, 2, 3, 3.5, 4, 4.5, 5, 8, 9, 12 and 24 hours post breakfast meal containing either  0, 18.5, 37, or 55.5 mEq potassium from potatoes or potassium gluconate or 37 mEq from French fries.  There were no differences due to source of potassium (p=0.53) and no interaction of dose by potassium source (p=0.25).  A general linear mixed model with contrasts was used to analyze the 241 observations.  N per group = 25-35 except for French fries where n = 17

Figure 3.  Cumulative urinary potassium as a result of increasing doses from potatoes or potassium gluconate (p <0.0001, slope = 16.7 ±1.31).  Excretion from potato interventions is ~ 522 mg greater than from supplements (p<0.0001).  Urinary excretion from French fry intervention is 422 mg less than potato (p=0.0028) but not different from the supplement at the same dose (p=0.42). Gender of participant had no effect on any urinary comparisons (p=0.54).  A general linear mixed model with contrasts was used to analyze the 241 observations.  N per group = 25-35 except for French fries where n = 17

Figure 4.  Model of K kinetics. Numbers in circles are compartment numbers; numbers next to the arrow are pathway numbers, for reference. The boxes on compartments 60 (and 61) indicate that the value of the compartment was set to the amount of K in each meal (or treatment).The triangles on compartment 1 and 6 indicate compartments that were sampled, plasma and urine respectively.

Figure 5.  Fit of model in Figure 4 to plasma K, and urine K, over time in one representative subject; (lines are model calculated values, symbols are observed data; triangles and solid lines are control and dotted lines and squares are treatment); after 60 mEq of K as gluconate (A, B), and as potato (C,D).  The increase in plasma K at 0, 6 and 12 h are due to intake of meals; treatment was also taken at 0 and 6 h. Urine excretion occurred at a faster rate during the day (0-12 h) than overnight (12-24 h).
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