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Abstract 5 

Aims: to determine the safety of caloric substitution with 10% apple pomace substitution (g/kg) 6 

to a healthy or Western diet.  7 

Study design: Growing (age 22-29 days) female Sprague-Dawley rats were randomly assigned 8 

(n=8 rats/group) to consume a purified standard rodent diet (AIN-93G), AIN-93G/10% g/kg 9 

apple pomace (AIN/AP), Western diet, or Western/10% g/kg apple pomace (Western/AP) diets 10 

for 8 weeks. 11 

Results: Histological evaluation showed renal interstitial hypercellularity in rats fed AIN/AP, 12 

Western, and Western/AP diets. However, there was no effects on renal expression of oxidative 13 

stress and inflammatory genes or serum measures of kidney damage and function among diet 14 

groups. Apple pomace is also high in calcium which can affect calcium balance. Dietary calcium 15 

consumption was highest (P < .001) in rats consuming Western/AP. However, there was no 16 

significant differences in calcium absorption and retention among diet groups. Further, there 17 

was no evidence of renal calcification. There were also impact on femoral calcium and total 18 

mineral content, size, and strength. 19 

Conclusions: Based on the results, apple pomace consumption was safe for renal and bone 20 

health, regardless of diet quality and should be considered for repurposing for human 21 

consumption.   22 
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1. Introduction  26 

Apple processing generates waste, consisting of skin, stem, seeds, and calyx, 27 

collectively known as apple pomace. The environmental pollution and burden of waste disposal 28 

costs to apple farmers and producers can be decreased by re-purposing apple pomace as a 29 

product for human consumption [1-3]. However, among popular consumed fruits, apples had the 30 

highest fructose content [1]. Muir, et al. [4] reported apples to have 10.5 g of fructose/serving 31 

compared to 3.2 g/serving for bananas, 6.4 g/serving for blueberries, and 2.5 g/serving for 32 

oranges. Further, apple pomace contains 44.7% fructose compared to 5.8-6.0% fructose in 33 

whole apple [5]. This is a health concern because fructose overconsumption has been reported 34 

to contribute to renal disease and to produce deleterious effects on bone [6,7]. Apple pomace 35 

contains a higher mineral content than whole apples, particularly calcium which is required for 36 

bone health [1,8].  However, overconsumption of calcium can increase nephrocalcinosis and 37 

reduced kidney function [9,10]. In turn, renal dysfunction can lead to bone loss due to mineral 38 

imbalance, resulting in increased risk of osteoporosis and other bone-mineral disorders [11].  39 

Diets typical of Western countries are characterized by high-fat and high-sucrose.   40 

Western diet consumption has been shown to increase the risk of chronic kidney disease by 41 

inducing renal steatosis, inflammation, and oxidative stress. Western diet consumption has also 42 

been reported to increase risk of kidney stones due to the high sugar content [12,13]. 43 

Additionally, consuming a Western diet can result in early onset of osteoporosis by promoting 44 

mineral balance and inflammation leading to decreased bone mineral density [14,15].  45 

Dietary advice suggests replacing calories in the diet with healthier food choices instead of 46 

dietary supplementation with a purified isolated nutrient [16].  47 

 Previously, our laboratory reported caloric substitution of a Western diet with 10% g/kg 48 

apple pomace attenuating features of NAFLD [17]. However, the effects of apple pomace on 49 

renal and bone was not assessed in this study. To our knowledge no studies have evaluated the 50 

safety of apple pomace consumption on renal and bone health. Therefore, the objectives of this 51 



 

 

study were to determine the safety of apple pomace, due to its high fructose content and 52 

increased calcium content, in growing rats consuming a “healthy” and Western diet. Female rats 53 

were used due to their increased susceptibility to nephrocalcinosis, and growing rats because 54 

kidney disease has been shown to have more severe bone effects in a pediatric population 55 

[18,19].  We hypothesize apple pomace will not detriment kidney or bone health in growing 56 

female rats consuming “healthy” or Western diets. 57 

 58 

2. Materials and Methods 59 

2.1 Diets 60 

Locally sourced apple pomace was provided by Swilled Dog Hard Cider Company 61 

(Franklin, WV). Apple pomace was freeze dried in equipment? Nutrient composition analysis of 62 

apple pomace was performed by Medallion Laboratories (Minneapolis, MN). Apple pomace 63 

contains 32.5% fructose compared to the published average of 5.9% fructose for whole apples. 64 

Dietary calcium and phosphorus were determined by inductively coupled plasma mass 65 

spectrometry (ICP) (model P400, Perkin Elmer, Shelton, CT). Freeze-dried apple pomace 66 

contained 1.47 mg/g calcium and 1.97 mg/g phosphorous (Supplementary Table 1) compared 67 

to respective published values of 0.06 mg/g and 0.11 mg/g in whole apples [17].  68 

The ‘healthy’ diet was the standard purified diet American Institute of Nutrition (AIN-93G) 69 

for growing rats [20] while a Western diet consisting of 45% fat and 34% sucrose was used to 70 

typify the high-fat, high-sugar diet consumed by Western countries [21,22]. AIN-93G and 71 

Western diet were calorically substituted with 10% g/kg freeze-dried apple pomace. AIN diets 72 

were adjusted to be isocaloric (3.7-3.8 kcal/g) and Western diets were adjusted to be isocaloric 73 

(4.7 kcal/g). The complete ingredient composition of experimental diets is provided as 74 

Supplementary Table 2. Diets were stored at -20°C until fed to animals. 75 

 76 

2.2 Animals  77 



 

 

Weanling (age 22-29 days) female Sprague-Dawley rats (n=32) were purchased from 78 

Harlan-Tekald (Indianapolis, IN). All animal procedures were approved by the Animal Care and 79 

Use Committee at West Virginia University and conducted in accordance with the guidelines of 80 

the National Research Council for the Care and Use of Laboratory Animals [23]. Rats were 81 

individually housed and kept in a room at constant temperature of 21+2°C with a 12 h light/dark 82 

cycle throughout the study duration. Following a 7-days acclimation, rats were randomly 83 

assigned (n=8 rats/group) to four dietary groups consisting of: 1) AIN-93G, a standard purified 84 

rodent diet, 2) AIN-93G with 10% weight (g/kg) substituted with apple pomace (AIN/AP), 3) 85 

Western diet (45% fat, 33% sucrose by kcals), or 4) Western diet with10% of weight (g/kg) 86 

substituted with apple pomace (Western/AP). Rats were provided ad libitum access to their 87 

assigned diets and deionized distilled water (ddH2O) throughout the eight weeks study duration. 88 

Food intake was measured and assigned diets replaced every other day while ddH2O was 89 

replaced weekly. At the end of the study, rats were fasted overnight then euthanized by carbon 90 

dioxide inhalation. The kidney was excised, weighed, and then flash frozen in liquid nitrogen 91 

and stored at -80°C until analyzed. Both femurs were removed, cleaned, and stored at -20°C.  92 

 93 

2.3 Kidney histology 94 

The left kidney was removed, weighed, flash frozen in liquid nitrogen, and stored at -95 

80°C until analysis. A center sagittal section was cut from each frozen tissue (n=6-8) and stored 96 

in 10% neutral buffered formalin for 48 hours (fixation). After fixation, samples underwent a 97 

dehydration protocol consisting of 10-15 minutes incubation in increasing ethanol 98 

concentrations (50-to-100%) followed by two 20-minute incubations in xylenes. Following xylene 99 

incubation, samples were incubated in molten paraffin wax for 20 minutes (infiltration) and 100 

embedded into blocks. 5-7μm sections were cut and mounted on charged slides and sections 101 

stained with hematoxylin and eosin. Histological evaluation included gross morphological 102 

assessment which included the following: glomerular hypercellularity and matrix deposition, 103 



 

 

interstitial hypercellularity, tubulointerstitial calcification, inflammation, and fibrosis. All slides 104 

were analyzed using a Nikon Labophot 2 microscope (Nikon Instruments, New York, NY) at 105 

magnification 10X by a trained investigator blinded to the identity of the groups. Images were 106 

captured using a LCL-500-LHD digital camera with a PC Method Capture Imaging software 107 

(Ludesco, Parkville, MD). 108 

 109 

2.4 Renal RNA isolation and inflammatory gene expression  110 

Total RNA was extracted from frozen kidney tissue (50 mg) using the Zymo Research 111 

Direct-zol RNA Miniprep Plus Isolation Kit (Irvine, CA, catalog #R2071) according to the 112 

manufacturer’s instruction for total RNA isolation. Isolated RNA integrity was visualized on a 113 

1.5% agarose gel and quantified by spectrophotometry (NanoDrop 100; Thermo Fisher 114 

Scientific, Waltham, MA). Following DNase I treatment with TURBO DNA-free kit (Thermo 115 

Fisher Scientific), total mRNA was amplified using the Superscript IV First-Strand Synthesis 116 

System with oligo dT primers (Thermo Fisher Scientific). 117 

Real-time quantitative polymerase chain reaction (RT-qPCR) consisted of 2.5 µl of 118 

SYBR Green Master Mix (Thermo Fisher Scientific), 1 µL of cDNA (diluted 1:10), 1 µL of 119 

respective forward and reverse primers and 0.5 µl of deionized distilled water for a total reaction 120 

volume of 5 µl. The reactions were performed in a 7500 ABI Real-Time PCR System (Thermo 121 

Fisher Scientific). The thermal profile consisted of 50°C for 2 min, 95°C for 10 min then 40 122 

cycles of 95°C for 15 sec and 60°C for 1 min. A melt curve analysis was applied at the end of 123 

cycling. Primers that were designed for transcription factors, nuclear factor kappa-light chain 124 

enhancer of B cells (NFκB) and NADPH oxidase 4 (NOX4) and for inflammatory cytokines, 125 

tumor necrosis factor-alpha (TNF-α), and interleukin-6 (IL-6) as well as for housekeeping genes, 126 

β-actin and glyceraldehyde 2-phosphate dehydrogenase (GAPDH) using the Primer3 program 127 

(Howard Hughes Medical Institute) and respective mRNA sequences obtained by NCBI. 128 

Forward and reverse primers for genes of interest are listed in Supplementary Table 3:  129 



 

 

2.5 Serum and urinary measures of renal function and health  130 

Serum measures of kidney function included: blood urea nitrogen (BUN), creatinine, total 131 

protein, calcium, phosphorous, alanine aminotransferase (ALT). Additionally, serum glucose 132 

and amylase were measured. Values were determined enzymatically using a commercially 133 

available Vet-16 rotor and quantified by a Hemagen Analyst automated spectrophotometer 134 

(Hemagen Diagnostics Inc., Columbia, MD).  135 

Serum and urine uric acid was determined by commercially available enzymatic assay (Cayman 136 

Chemical). Briefly, serum and urine samples were aliquoted onto a 96-well plate and incubated 137 

for 15 minutes. Reaction was initiated by adding 15 μl of uricase and horseradish peroxidase 138 

enzyme mixture, and read at an excitation of 535 nm and an emission of 590 nm using a BioTek 139 

Synergy H1 microplate reader (Winooski, VT). Inter-assay coefficient of variation was 32.1% for 140 

both serum and urine. 141 

 142 

2.6 Calcium balance and retention 143 

 Rats were fasted overnight and euthanized by carbon dioxide inhalation. Blood was 144 

collected by aorta puncture. Collected blood was centrifuged at 1,500 g for 10 min at 4°C to 145 

obtain serum. Serum samples were stored at -80°C until analyzed. Serum calcium was 146 

determined enzymatically using a commercially available Vet-16 rotor and quantified by a 147 

Hemagen Analyst automated spectrophotometer.  148 

 During the initial and final weeks of the feeding study, rats were individually housed in 149 

metabolic cages to collect urine and feces for 24 h. Initial and final day urine samples were 150 

collected, centrifuged at 1,500 g for 10 min at 4°C, filtered through Whatman no. 1 paper, and 151 

then diluted 1:10 in dd H2O. Initial and final feces were collected and dried for 48 h, then ashed 152 

in a muffle furnace (model CP18210, Thermolyne, Dubuque, IA) at 550°C for 24 h. Fecal 153 

samples were then acidified in 70% nitric acid, neutralized in ddH2O, filtered through Whatman 154 



 

 

no. 1 paper, and further diluted (1:50 v/v) in ddH2O. Ca content of feces and urine was 155 

determined by ICP. 156 

 Measures of Ca excretion, absorption, and retention were performed according to 157 

Maditz, et al. [24]. Briefly, urinary calcium excretion  was calculated as urinary Ca 158 

concentration/urine volume. Ca apparent absorption was calculated as [(Ca intake-fecal Ca 159 

excretion)/(Ca intake)] x 100. Calcium retention was calculated as [(Ca intake – (fecal Ca 160 

excretion + urinary Ca excretion)].  161 

 162 

2.7 Femur morphometry and mineralization  163 

 Following CO2 inhalation, the left and right femur were collected, and then defleshed.  164 

After no bilateral differences were determined using a t-test with significance set at P < .05 left 165 

femurs were used for all analyses. Femoral morphometry measurements of depth, width, and 166 

length were determined using a Vernier caliper (Bel-Art Products, Pequannock, NJ, USA). 167 

Length was measured from the medial condyle to the greater trochanter. Femurs were weighed 168 

using an analytical balance (Mettler Toledo, Columbus, OH, USA).  169 

Total bone mineral was determined by ashing in a muffle furnace at 600°C for 24 hours, 170 

then weighed. To measure specific minerals, ash was dissolved in 2 mL of 70% nitric acid. 171 

Acidified samples were filtered through Whatman no. 1 paper and diluted (1:50 v/v) to volume 172 

with ddH2O and Ca determined using ICP.   173 

 174 

2.8 Femur biomechanical strength 175 

Femoral strength indices were assessed using a TA,XT2i Texture Analyzer (Texture 176 

Technologies, Scarsdale, NY, USA) fitted with a three point bending apparatus. Femora were 177 

placed on supports and force applied to the midshaft marked at a position halfway between the 178 

greater trochanter and the distal medical condyle. Bone was broken by lowering a centrally 179 

placed blade (1 mm width) at a constant crosshead speed (0.1 mm/s). The load cell was 250 kg. 180 



 

 

The load-deflection data were collected by a PC interfaced with the TA,XT2i. Sample test 181 

distance was set at 10 mm with a signal collection rate of 100 points per second. Peak force, 182 

ultimate stiffness, ultimate bending stress and Young’s modulus were calculated according to 183 

Yuan and Kitts [25].   184 

 185 

2.9 Statistics  186 

Results are expressed as mean ± standard error of the mean (SEM). Gene expression 187 

was determined as a function of mRNA abundance (A), where A=1/(gene of interest primer 188 

efficiency x ∆CT (g.o.i.) – (average housekeeping primer efficiency x ∆CT (h.k.)), where the 189 

product of efficiency and average of expression of β-actin was averaged with the product of 190 

efficiency and average of expression of GAPDH to determine the overall expression of the two 191 

housekeeping gene [17,26,27]. Gene expression data for each treatment group were log-192 

transformed prior to statistical analysis. One-way ANOVA was used to determine differences 193 

among dietary groups. Post hoc multiple comparison tests were performed using Tukey’s test 194 

with treatment differences considered significant at P = .05 and a tendency at P = .08. All 195 

statistical analyses were performed using JMP 12.2 statistical software package (SAS Institute, 196 

Cary, NC). 197 

 198 

3. Results and Discussion 199 

Rats are susceptible to renal disease and diets high in fructose and high in calcium have 200 

been shown to be detrimental to renal health, and high-fructose diets can detriment bone health 201 

[7,28,29]. In the current study, no differences were observed in body or organ weights (Table 1), 202 

but histological analysis of the kidneys showed no evidence of fibrosis, glomerular 203 

hypercellularity, glomerular matrix deposition, or amyloidosis.  204 

 205 



 

 

Table 1. Weekly caloric and macronutrient intake, weekly body weight gain, and kidney and 206 
bone weights of growing female rats consuming different diets substituted with apple pomace 207 
(10% g/kg) for 8 weeks.  208 

Measurements 

Treatments 1 

AIN AIN/AP Western Western/AP P-Value 

Caloric intake (kcal/week) 368 ± 11b 345 ± 8b 422 ± 9a 430 ± 17a <.001 

Initial bwt (g) 95 ± 3 92 ± 3 95 ± 3 95 ± 3  0.80 

Final bwt (g) 216 ± 4 216 ± 8 229 ± 5 234 ± 5 0.08 
Average weekly bwt gain (g) 16 ± 3 16 ± 3 18 ± 3 18 ± 3 0.94 

Average mineral intake (mg/d) 304.0 ± 9.3b 318.8 ± 7.3b 368.9 ± 7.8a 374.7 ± 15.0a <.001 

Right kidney weight (g) 0.69 ± 0.02 0.68 ± 0.02 0.71 ± 0.02 0.73 ± 0.02 0.28 

Left kidney weight (g) 0.69 ± 0.02 0.67 ± 0.02 0.74 ± 0.03 0.74 ± 0.02 0.07 

Relative right kidney weight (mg/g) 0.32 ± 0.01 0.31 ± 0.01 0.32 ± 0.01 0.31 ± 0.01 0.86 

Relative left kidney weight (mg/g) 0.31 ± 0.01 0.31 ± 0.01 0.31 ± 0.01 0.32 ± 0.00 0.70 

Left kidney ash (mg/g) 9.86 ± 0.56 10.07 ± 0.54 9.14 ± 1.09 10.34 ± 0.67 0.71 
1Values expressed as mean ± SEM (n = 6–8 rats/group).  Different superscript letters a and 209 
b within the same row. Indicate significant difference at P < .05 by one-way ANOVA 210 
followed by Tukey’s test. Abbreviations: Bwt, body weight; CHO, carbohydrate. 211 

 212 

However, rats consuming Western diet and diets containing apple pomace showed renal 213 

interstitial hypercellularity (Figure 1), suggesting renal inflammation.  214 

 215 

 216 



 

 

Figure 1. Representative histological staining images of the kidney of growing female rats 217 
consuming (A) AIN, (B) AIN/AP, (C) Western, or (D) Western/AP following 8 weeks of feeding. 218 

 219 

To further investigate, gene expression of inflammatory transcription factor, NFκB and 220 

proinflammatory cytokines, TNF-α and IL-6 as well as NOX4, a highly expressed enzyme 221 

regulating generation of reactive oxygen species, were measured in the kidneys. No significant 222 

differences were found in renal expression of any of the genes of interest among diet groups 223 

(Figure 2).  224 

Histological changes  AIN AIN/AP Western Western/AP 

Inflammation 0 0 0 0 

Fibrosis 0 0 0 0 

Glomerular hypercellularity 0 0 0 0 

Glomerular matrix 
deposition 

0 0 0 0 

Amyloidosis 0 0 0 0 

Interstitial Calcification 0 0 0 0 

Interstitial hypercellularity  0 2 1 2 



 

 

 225 

Figure 2. Renal expression of genes involved in inflammation and oxidative stress in rats 226 

consuming different diets substituted with 10% apple pomace (g/kg). Values expressed as 227 

mean ± SEM (n=5-7 animals/group). Different superscript letters a and b within the same figure 228 

indicates significant difference at P < .05 by one-way ANOVA followed by Tukey’s test. 229 

Abbreviations: AU, arbitrary units; IL-6, interleukin-6; NOX4, NADPH oxidase 4; NFκB, nuclear 230 

factor kappa-light enhancer of B cells; TNFα, tumor necrosis factor alpha.  231 

 232 

Serum creatinine, BUN, ALT, and total protein also showed no significant differences among 233 

diet groups, collectively indicating absence of inflammation and oxidative stress (Table 4).  234 

Increased fructose consumption and elevated uric acid may play a role in renal 235 

inflammation [30-32]. Elevations in uric acid levels have been shown to change the fundamental 236 

architecture of renal histology and has been implicated in acute and chronic renal failure [33]. 237 

The current study results showed no significant difference in serum or urine uric acid among diet 238 

groups (Table 2).  239 



 

 

Table 2. Effect of consumption of different diets substituted with apple pomace (10% g/kg) by 240 
growing female rats on serum and urine measurements of liver function enzymes, and uric acid 241 
following 8 weeks of feeding. 242 

 Treatments1 
Measurements AIN AIN/AP Western Western/AP P-Value

Serum Creatinine (U/L) 1.46 ± 0.08 1.45 ± 0.11 1.38 ± 0.09 1.43 ± 0.04 0.90 
Serum BUN (mg/dl) 17.84 ± 1.59 19.63 ± 1.41 20.25 ± 2.32 16.00 ± 0.94 0.27 
Serum ALT (U/L) 107.63 ± 19.59 118.71 ± 43.60 94.5 ± 12.58 133.5 ± 30.59 0.78 
Serum Total Protein (g/dl) 3.9 ± 0.25 4.62 ± 0.34 4.08 ± 0.67 4.19 ± 0.34 0.79 
Serum Phosphorous (mg/dl) 14.18 ± 0.54 13.46 ± 1.72 15.68 ± 0.53 13.09 ± 1.02 0.35 
Serum Ca (mg/dl) 9.56 ± 0.80 11.10 ± 1.09 11.49 ± 0.54 10.51 ± 1.00 0.48 
Serum Uric Acid (μM) 7.24 ± 0.31 6.27 ± 1.61 7.19 ± 0.86 7.57 ± 1.25 0.86 
Urine Uric Acid (μM) 5.94 ± 2.26 10.35 ± 2.11 10.40 ± 1.12 6.79 ± 1.41 0.23 

1Values expressed as mean ± SEM (n=4-8 animals/group). Different superscript letters a and b 243 
within the same figure indicates significant difference at P < .05 by one-way ANOVA followed by 244 
Tukey’s test. Abbreviations: ALT, alanine aminotransferase; BUN, blood urea nitrogen.   245 
 246 

Interstitial hypercellularity was observed in 13-29% of animals, but there were no 247 

significant differences in oxidative stress and inflammatory gene expression or serum and urine 248 

measurements of renal dysfunction and injury were observed among diet groups. These results 249 

indicate renal interstitial hypercellularity was unlikely to be of biological significance. Collectively, 250 

the results indicate the fructose content of apple pomace was not a risk for renal injury and 251 

development of chronic kidney disease in either ‘healthy’ or Western diet.   252 

In our study, Western diets were high in calcium with Western/AP diet having the highest 253 

calcium content (Table 2). Differences in calcium content in diets can have significant effects on 254 

calcium excretion, absorption, and retention [34]. Increased calcium excretion can induce 255 

nephrocalcinosis [35]. Initial urinary and fecal calcium excretion, calcium retention, and calcium 256 

absorption showed no significant differences among diet groups (Table 3). At final week, no 257 

differences were observed in rats urinary calcium excretion among all groups, but an increase 258 

(P = .04) in fecal calcium excretion by rats consuming a Western/AP compared to AIN was 259 

observed. This was also likely due to a combination of the high insoluble dietary fiber content in 260 

apple pomace possibly binding to calcium and the increased dietary calcium in Western/AP 261 



 

 

diets. This also explains the lack of change in apparent calcium absorption among all diet 262 

groups. No differences were observed in calcium retention among all diet groups.  263 

Table 3. Calcium balance of rats fed different diets substituted with 10% (g/kg) apple pomace.  264 

Calcium Balance 
Treatments 1 

AIN AIN/AP Western Western/AP P-Value 

Ca Intake (mg/d) 135.6 ± 4.2c 140.1 ± 3.2c 162.4 ± 3.5b 184.9 ± 7.4a <0.001 
Initial      
Urine Ca excretion (mg/dl) 0.16 ± 0.04 0.19 ± 0.04 0.17 ± 0.04 0.18 ± 0.04 0.96 
Fecal Ca excretion (mg/d) 25.9 ± 3.6 22.9 ± 3.5 31.3 ± 3.7 34.7 ± 2.7 0.12 
Ca retention (mg/d) 89.3 ± 9.4 94.9 ± 5.9 96.4 ± 5.8 109.8 ± 6.2 0.32 
Ca absorption (%) 62.5 ± 4.6 68.0 ± 4.7 61.4 ± 4.2 63.3 ± 3.0 0.70 
Final      
Urine Ca excretion (mg/ml) 0.15 ± 0.02 0.16 ± 0.04 0.16 ± 0.04 0.10 ± 0.01 0.25 
Fecal Ca excretion (mg/d) 60.9 ± 2.9b 79.4 ± 11.6ab 81.2 ± 3.9ab 99.3 ± 7.1a 0.04 
Ca retention (mg/d) 77.7 ± 5.3 66.7 ± 5.3 80.8 ± 5.0 78.9 ± 5.3 0.25 
Ca absorption (%) 54.2 ± 4.1 41.8 ± 11.8 49.7 ± 3.2 46.3 ± 5.3 0.65 

1Values expressed as mean ± SEM (n=4-8 animals/group). Different superscript letters a and b 265 
within the same figure indicates significant difference at P < .05 by one-way ANOVA followed by 266 
Tukey’s test.  267 
 268 

Further, renal histological evaluation showed no evidence of calcium deposition in any of the 269 

diet groups, further indicating apple pomace consumption to be safe (Figure 2). 270 

While Western diet (high fat and high sugar) and fructose consumption have also been 271 

reported to detriment bone health, whole apples have been shown to favorably alter bone 272 

health, through increased bone mineral density, decreased calcium loss, and decreased 273 

inflammation due to antioxidants present in apples [36-39]. Apple pomace has been shown to 274 

contain more calcium than apples [5]. Increasing dietary calcium has been shown to prevent 275 

osteoporosis and to lower the risk of bone fractures [40,41]. Further, children with adequate 276 

calcium consumption had increased bone mineral density [42,43]. The present study showed no 277 

significant differences in femoral calcium content among diet groups. Additionally, there were no 278 

significant differences in femur size or bone strength measurements including: peak force, 279 

ultimate stiffness, ultimate bending stress, and Young’s modulus among diet groups (Table 4).   280 



 

 

Table 4. Femoral morphometry and strength measurements of rats fed different diets substituted with 10% (g/kg) apple pomace.  281 

Measurement 

Treatments 1 

AIN AIN/AP Western Western/AP P-value

Femur morphometry      

Length (mm) 29.71 ± 0.53 29.09 ± 0.78 30.52 ± 0.56 29.36 ± 0.78 0.09 
Medial lateral width (mm) 2.98 ± 0.04 3.12 ± 0.12 3.06 ± 0.08 3.15 ± 0.10 0.13 

Depth (mm) 2.78 ± 0.07 2.73 ± 0.12 2.60 ± 0.09 3.06 ± 0.17 0.43 

Wet wt (g) 0.77 ± 0.02 0.74 ± .05 0.73 ± 0.03 0.74 ± 0.04 0.89 

Dry wt (g) 0.48 ± 0.01 0.46 ± 0.03 0.45 ± 0.02 0.47 ± 0.02 0.77 

Femur mineralization      

Ash (mg/g of bone) 407.92 ± 11.42 407.75 ± 9.26 399.66 ± 7.40 396.94 ± 6.46 0.80 

Calcium (mg/g of bone) 37.99 ± 0.78 39.09 ± 4.41 40.09 ± 2.26 38.28 ± 2.08 0.75 
Femur biomechanical 
strength 

     

Peak force (N) 1.74 ± 0.18 1.99 ± 0.25 1.55 ± 0.11 1.23 ± 0.23 0.07 

Ultimate stiffness (N/S) 382.03 ± 16.28 399.49 ± 27.07 397.55 ± 38.73 347.15 ± 14.01 0.60 

Ultimate bending stress (N/S) 42.32 ± 1.57 38.21 ± 2.19 40.12 ± 3.46 42.19 ± 2.59 0.48 

Young’s Modulus (N/mm2) 1604.92 ± 76.18 1484.85 ± 284.92 1549.57 ± 90.13 1275.92 ± 200.17 0.75 
1Values expressed as mean ± SEM (n=6-8 animals/group). Different superscript letters a and b within the same figure indicates 282 
significant difference at P < .05 by one-way ANOVA followed by Tukey’s test. 283 
 284 

 285 

 286 

  287 

   288 



 

 

Another concern is rats consuming Western/AP diets had significantly increased gonadal 289 

fat pad weights than rats consuming AIN diets (Table 1). Obesity and diabetes have been 290 

reported to be causal factors in diet-induced kidney disease progression [6,44]. In our study, 291 

despite higher adiposity in rats fed Western/AP there were no significant differences in fasting 292 

serum glucose or amylase among diet groups (data now shown). Our study provides evidence 293 

that high fructose and high calcium content of apple pomace was not sufficient to effect renal or 294 

bone health in rats, regardless of diet. Studies on apple pomace have reported numerous health 295 

benefits including decreases in body weight, as well improvements in serum lipid, insulin, 296 

glucose, antioxidant status, and digestion [45-51]. Yet, few studies have evaluated the safety of 297 

apple pomace consumption. Devrajan, et al. [52] fed rats unfermented or fermented apple 298 

pomace for 2 weeks showed a nonsignificant increase serum BUN, but found no indication of 299 

kidney damage [53]. Additionally, histology was not used to evaluate kidney health.  300 

 301 

4. Conclusions   302 

Caloric substitution of a healthy or Western diet with 10% apple pomace had no impact on renal 303 

or bone health in growing female rodents. Based on our results apple pomace is safe for 304 

consumption, despite its high fructose content combined with a high calcium content, regardless 305 

of diet quality in rodents. The study provides evidence for apple pomace, a “waste” byproduct of 306 

apple processing has a favorable nutritional profile and is safe and therefore has potential to be 307 

repurposed as a sustainable food source for human consumption. Still, human clinical trials 308 

should be conducted to further determine the efficacy and safety of apple pomace consumption. 309 

 310 

Competing Interests 311 

Authors have declared that no competing interests exist.    312 



 

 

References  313 

1.  Bhushan S, Kalia K, Sharma M, Singh B, Ahuja PS. Processing of apple pomace for 314 
bioactive molecules. Crit Rev Biotechnol. 2008;28(4):285-296. 315 
doi:10.1080/07388550802368895 316 

2.  Carson K, Collins J, Penfield M. Unrefined, Dried Apple Pomace as a Potential Food 317 
Ingredient. J Food Sci. 1994;59(6):1213-1215. 318 

3.  Grigoras C, Destandau E, Fougere L, Elfakir C. Evaluation of apple pomace extracts as 319 
a source of bioactive compounds. Ind Crops Prod. 2013;49:794-804. 320 
doi:10.1016/J.INDCROP.2013.06.026 321 

4.  Jane G. Muir *, Susan J. Shepherd, Ourania Rosella, Rosemary Rose, Jacqueline S. 322 
Barrett  and, Gibson PR. Fructan and Free Fructose Content of Common Australian Vegetables 323 
and Fruit. 2007. doi:10.1021/JF070623X 324 

5.  Skinner RC, Gigliotti JC, Ku K-M, Tou JC. A comprehensive analysis of the composition, 325 
health benefits, and safety of apple pomace. Nutr Rev. August 2018. doi:10.1093/nutrit/nuy033 326 

6.  Johnson RJ, Segal MS, Sautin Y, et al. Potential role of sugar (fructose) in the epidemic 327 
of hypertension, obesity and the metabolic syndrome, diabetes, kidney disease, and 328 
cardiovascular disease. Am J Clin Nutr. 2007;86(4):899-906. 329 

7.  Felice JI, Gangoiti MV, Molinuevo MS, McCarthy AD, Cortizo AM. Effects of a metabolic 330 
syndrome induced by a fructose-rich diet on bone metabolism in rats. Metabolism. 331 
2014;63(2):296-305. 332 

8.  Skinner RC, Gigliotti JC, Ku K-M, Tou JC. A comprehensive analysis of the composition, 333 
health benefits, and safety of apple pomace. Nutr Rev. August 2018. 334 

9.  Cockell KA, L’Abbé MR, Belonje B. The Concentrations and Ratio of Dietary Calcium 335 
and Phosphorus Influence Development of Nephrocalcinosis in Female Rats. J Nutr. 336 
2002;132(2):252-256. 337 

10.  Rafferty K, Walters G, Heaney RP. Calcium Fortificants: Overview and Strategies for 338 
Improving Calcium Nutriture of the U.S. Population. J Food Sci. 2007;72(9):R152-R158. 339 
doi:10.1111/j.1750-3841.2007.00521.x 340 

11.  Drüeke T, Lameire N, Eknoyan G. Chronic Kidney Disease–Mineral-Bone Disorder: A 341 
New Paradigm. Adv Chronic Kidney Dis. 2007;14(1):3-12. doi:10.1053/J.ACKD.2006.10.005 342 

12.  Odermatt A. The Western-style diet: a major risk factor for impaired kidney function and 343 
chronic kidney disease. Am J Physiol Physiol. 2011;301(5):F919-F931. 344 

13.  Cordain L, Eaton SB, Sebastian A, et al. Origins and evolution of the Western diet: 345 
health implications for the 21st century. Am J Clin Nutr. 2005;81(2):341-354. 346 

14.  Filip R, Radzki RP, Bieńko M. Novel insights into the relationship between nonalcoholic 347 
fatty liver disease and osteoporosis. Clin Interv Aging. 2018;13:1879-1891. 348 
doi:10.2147/CIA.S170533 349 



 

 

15.  Hashemi Kani A, Alavian SM, Esmaillzadeh A, Adibi P, Azadbakht L. Dietary Quality 350 
Indices and Biochemical Parameters Among Patients With Non Alcoholic Fatty Liver Disease 351 
(NAFLD). Hepat Mon. 2013;13(7):e10943. doi:10.5812/hepatmon.10943 352 

16.  Rinella ME, Sanyal AJ. Management of NAFLD: a stage-based approach. Nat Rev 353 
Gastroenterol Hepatol. 2016;13(4):196-205. doi:10.1038/nrgastro.2016.3 354 

17.  Skinner R, Warren D, Lateef S, et al. Apple Pomace Consumption Favorably Alters 355 
Hepatic Lipid Metabolism in Young Female Sprague-Dawley Rats Fed a Western Diet. 356 
Nutrients. 2018;10(12):1882. doi:10.3390/nu10121882 357 

18.  Groothoff JW, Offringa M, van Eck-Smit BLF, et al. Severe bone disease and low bone 358 
mineral density after juvenile renal failure. Kidney Int. 2003;63(1):266-275. doi:10.1046/J.1523-359 
1755.2003.00727.X 360 

19.  Rao GN. Diet and Kidney Diseases in Rats. Toxicol Pathol. 2002;30(6):651-656. 361 
doi:10.1080/01926230290166733 362 

20.  Reeves PG, Nielsen FH, Fahey GC. AIN-93 Purified Diets for Laboratory Rodents: Final 363 
Report of the American Institute of Nutrition Ad Hoc Writing Committee on the Reformulation of 364 
the AIN-76A Rodent Diet. J Nutr. 1993;123(11):1939-1951. doi:10.1093/jn/123.11.1939 365 

21.  Bortolin RC, Vargas AR, Gasparotto J, et al. A new animal diet based on human 366 
Western diet is a robust diet-induced obesity model: comparison to high-fat and cafeteria diets 367 
in term of metabolic and gut microbiota disruption. Int J Obes. 2018;42(3):525-534. 368 
doi:10.1038/ijo.2017.225 369 

22.  Department of Health and Human Services. Dietary Guidelines for Americans 2015-370 
2020 - U.S. Department of Health and Human Services, U.S. Department of Agriculture. New 371 
York NY: Skyhorse Publishing; 2017. 372 

23.  National Research Council. Guide for the Care and Use of Laboratory Animals: Eighth 373 
Edition - National Research Council, Division on Earth and Life Studies, Institute for Laboratory 374 
Animal Research, Committee for the Update of the Guide for the Care and Use of Laboratory 375 
Animals - Google Books. 8th ed. Washington D.C.; 2010. 376 
https://books.google.com/books?hl=en&lr=&id=Vp5mgXtxYdQC&oi=fnd&pg=PP2&dq=national+377 
research+council+2010+rats&ots=FrTgd1JCl5&sig=eZ_vGWk36QfLScXnMbS__BgT8XU#v=on378 
epage&q=national research council 2010 rats&f=false. Accessed February 27, 2018. 379 

24.  Maditz KH, Benedito VA, Oldaker C, et al. Feeding Soy Protein Isolate and n-3 PUFA 380 
Affects Polycystic Liver Disease Progression in a PCK Rat Model of Autosomal Polycystic 381 
Kidney Disease. J Pediatr Gastroenterol Nutr. 2015;60(4):467-473. 382 

25.  Yuan YV, Kitts DD. Estimation of dietary calcium utilization in rats using a biomechanical 383 
functional test. Food Chem. 1992;44(1):1-7. doi:10.1016/0308-8146(92)90249-2 384 

26.  Jacometo CB, Schmitt E, Pfeifer LFM, et al. Linoleic and α-linolenic fatty acid 385 
consumption over three generations exert cumulative regulation of hepatic expression of genes 386 
related to lipid metabolism. Genes Nutr. 2014;9(4):405. doi:10.1007/s12263-014-0405-7 387 

27.  Maditz KH, Benedito VA, Oldaker C, et al. Feeding Soy Protein Isolate and n-3 PUFA 388 
Affects Polycystic Liver Disease Progression in a PCK Rat Model of Autosomal Polycystic 389 



 

 

Kidney Disease. J Pediatr Gastroenterol Nutr. 2015;60(4):467-473. 390 
doi:10.1097/MPG.0000000000000649 391 

28.  Bras G, Ross MH. Kidney disease and nutrition in the rat. Toxicol Appl Pharmacol. 392 
1964;6(3):247-262. doi:10.1016/0041-008X(64)90065-1 393 

29.  Odermatt A. The Western-style diet: a major risk factor for impaired kidney function and 394 
chronic kidney disease Odermatt A. The Western-style diet: a major risk factor for impaired 395 
kidney function and chronic kidney disease The Western-Style Diet and Comparison with Other 396 
Diets. Am J Physiol Ren Physiol. 2011;301:919-931. 397 

30.  Nakagawa T, Hu H, Zharikov S, et al. A causal role for uric acid in fructose-induced 398 
metabolic syndrome. Am J Physiol Physiol. 2006;290(3):F625-F631. 399 
doi:10.1152/ajprenal.00140.2005 400 

31.  Jia G, Habibi J, Bostick BP, et al. Uric Acid Promotes Left Ventricular Diastolic 401 
Dysfunction in Mice Fed a Western Diet. Hypertension. 2015;65(3):531-539. 402 
doi:10.1161/HYPERTENSIONAHA.114.04737 403 

32.  Johnson RJ, Nakagawa T, Sanchez-Lozada LG, et al. Sugar, Uric Acid, and the Etiology 404 
of Diabetes and Obesity. Diabetes. 2013;62(10):3307-3315. doi:10.2337/db12-1814 405 

33.  Giordano C, Karasik O, King-Morris K, Asmar A. Uric Acid as a Marker of Kidney 406 
Disease: Review of the Current Literature. Dis Markers. 2015;2015:382918. 407 
doi:10.1155/2015/382918 408 

34.  Torre M, Rodriguez AR, Saura‐Calixto F. Effects of dietary fiber and phytic acid on 409 

mineral availability. Crit Rev Food Sci Nutr. 1991;30(1):1-22. doi:10.1080/10408399109527539 410 

35.  Jehle S, Zanetti A, Muser J, Hulter HN, Krapf R. Partial neutralization of the acidogenic 411 
Western diet with potassium citrate increases bone mass in postmenopausal women with 412 
osteopenia. J Am Soc Nephrol. 2006;17(11):3213-3222. 413 

36.  Wyshak G, Frisch RE. Carbonated beverages, dietary calcium, the dietary 414 
calcium/phosphorus ratio, and bone fractures in girls and boys. J Adolesc Health. 415 
1994;15(3):210-215. doi:10.1016/1054-139X(94)90506-1 416 

37.  McGartland C, Robson P, Murray L, et al. Carbonated Soft Drink Consumption and Bone 417 
Mineral Density in Adolescence: The Northern Ireland Young Hearts Project. J Bone Miner Res. 418 
2003;18(9):1563-1569. doi:10.1359/jbmr.2003.18.9.1563 419 

38.  Puel C, Quintin A, Mathey J, et al. Prevention of Bone Loss by Phloridzin, an Apple 420 
Polyphenol, in Ovariectomized Rats under Inflammation Conditions. Calcif Tissue Int. 421 
2005;77(5):311-318. doi:10.1007/s00223-005-0060-5 422 

39.  Bell JA, Whiting SJ. Effect of fruit on net acid and urinary calcium excretion in an acute 423 
feeding trial of women. Nutrition. 2004;20(5):492-493. doi:10.1016/J.NUT.2004.01.015 424 

40.  Nguyen T V., Center JR, Eisman JA. Osteoporosis in Elderly Men and Women: Effects 425 
of Dietary Calcium, Physical Activity, and Body Mass Index. J Bone Miner Res. 2010;15(2):322-426 
331. doi:10.1359/jbmr.2000.15.2.322 427 



 

 

41.  Feskanich D, Willett WC, Stampfer MJ, Colditz GA. Milk, dietary calcium, and bone 428 
fractures in women: a 12-year prospective study. Am J Public Health. 1997;87(6):992-997. 429 
doi:10.2105/AJPH.87.6.992 430 

42.  Black RE, Williams SM, Jones IE, Goulding A. Children who avoid drinking cow milk 431 
have low dietary calcium intakes and poor bone health. Am J Clin Nutr. 2002;76(3):675-680. 432 
doi:10.1093/ajcn/76.3.675 433 

43.  Chan GM. Dietary Calcium and Bone Mineral Status of Children and Adolescents. Arch 434 
Pediatr Adolesc Med. 1991;145(6):631. doi:10.1001/archpedi.1991.02160060049019 435 

44.  Ix JH, Sharma K. Mechanisms linking obesity, chronic kidney disease, and fatty liver 436 
disease: the roles of fetuin-A, adiponectin, and AMPK. J Am Soc Nephrol. 2010;21(3):406-412. 437 
doi:10.1681/ASN.2009080820 438 

45.  Rago D, Gürdeniz G, Ravn-Haren G, Dragsted LO. An explorative study of the effect of 439 
apple and apple products on the human plasma metabolome investigated by LC–MS profiling. 440 
Metabolomics. 2015;11(1):27-39. 441 

46.  Ravn-Haren G, Krath BN, Markowski J, et al. Apple pomace improves gut health in 442 
Fisher rats independent of seed content. Food Funct. 2018;9(5):2931-2941. 443 
doi:10.1039/C7FO01932G 444 

47.  Cho KD, Han CK, Lee BH. Loss of body weight and fat and improved lipid profiles in 445 
obese rats Fed apple pomace or apple juice concentrate. J Med Food. 2013;16(9):823-830. 446 
doi:10.1089/jmf.2013.2784 447 

48.  Juśkiewicz J, Żary-Sikorska E, Zduńczyk Z, Król B, Jarosławska J, Jurgoński A. Effect of 448 
dietary supplementation with unprocessed and ethanol-extracted apple pomaces on caecal 449 
fermentation, antioxidant and blood biomarkers in rats. Br J Nutr. 2012;107(8):1138-1146. 450 
doi:10.1017/S0007114511004144 451 

49.  Sehm J, Lindermayer H, Meyer HHD, Pfaffl MW. The influence of apple- and red-wine 452 
pomace rich diet on mRNA expression of inflammatory and apoptotic markers in different piglet 453 
organs. Anim Sci. 2006;82(6):877. 454 

50.  Macagnan FT, Santos LR dos, Roberto BS, de Moura FA, Bizzani M, da Silva LP. 455 
Biological properties of apple pomace, orange bagasse and passion fruit peel as alternative 456 
sources of dietary fibre. Bioact Carbohydrates Diet Fibre. 2015;6(1):1-6. 457 

51.  Ma P, Yao L, Lin X, et al. A mixture of apple pomace and rosemary extract improves 458 
fructose consumption-induced insulin resistance in rats: modulation of sarcolemmal CD36 and 459 
glucose transporter-4. Am J Transl Res. 2016;8(9):3791-3801. 460 

52.  Devrajan A, Joshi VK, Gupta K, Sheikher C, Lal BB. Evaluation of apple pomace based 461 
reconstituted feed in rats after solid state fermentation and ethanol recovery. Brazilian Arch Biol 462 
Technol. 2004;47(1):93-106. doi:10.1590/S1516-89132004000100013 463 

53.  Jagannadha Rao P, Das M, Das S. Jaggery-A Traditional Indian Sweetener. Vol 6.; 464 
2007. http://www.indiansugar.com/sugarstn.htm. Accessed December 11, 2018. 465 

 466 



 

 

Supplemental Material 467 
 468 

Supplementary Table 1. Composition of locally sourced freeze-dried apple pomace.  469 

Macronutrients (%)  
Protein 3.56 
Fat 1.3 
Carbohydrates 68.1 
Sugars (%)  
Fructose 32.5 
Glucose 9.77 
Sucrose 13.9 
Maltose <0.1 
Lactose <0.1 
Dietary Fiber (%)  
Insoluble Dietary Fiber 22.2 
Soluble Dietary Fiber 11.0 
Polyphenols (g/kg) 0.029 
Minerals (mg/g)  
Total Minerals  15.5 
Calcium  1.47 
Phosphorous 1.97 
Calories (kcal/100 g) 387 

 470 
  471 



 

 

Supplementary Table 2. Composition of rodent diets substituted with apple pomace  472 

(10% g/kg) fed to growing female rats. 473 

Diet Groups *

 AIN AIN/AP Western Western/AP 
Ingredients (g/kg) *     
Apple pomace 0.0 100.0 0.0 100.0 
Corn Starch 397.486 392.086 63.36 57.96 
Maltodextrin 132.0 132.0 60.0 60.0 
Sucrose 100.0 43.9 340.0 283.9 
Fructose 50 54.45 170 174.45 
Total Dietary Fiber 50.0 50.0 50.0 50.0 
Insoluble Fiber † 50.0 39.0 50.0 39.0 
Soluble Fiber ‡ 0.0 11.0 0.0 11.0 
Anhydrous Milkfat 0.0 0.0 210.0 210.0 
Soybean Oil 70.0 68.7 20.0 18.7 
Casein 200.0 196.0 195.0 191.0 
L-Cystine 3.0 3.0 3.0 3.0 
Vitamin Mix 10.0 10.0 12.5 12.5 
Mineral Mix 35.0 35.0 43.0 43.0 
Total Minerals 22.1 24.2 26.4 28.0 
Calcium 10.4 10.8 12.8 14.6 
Phosphorous 7.2 7.5 7.6 7.5 
Choline Bitartrate 2.5 2.5 3.1 3.1 
TBHQ, antioxidant 0.014 0.014 0.04 0.04 
Polyphenols 0.0015 0.0029 0.0008 0.0032 
Macronutrients (% kcal)     
Protein 18.8 18.9 14.8 14.8 
Fat 17.2 17.3 44.6 44.8 
Carbohydrate 63.9 63.7 40.6 40.4 
Calories (kcal/g) 3.8 3.7 4.7 4.7 

\* Abbreviations: AIN, the American Institute of Nutrition; AP, apple pomace; TBHQ, tert-474 
butylhydroquinone. † Insoluble fiber is cellulose. ‡ Soluble fiber is mainly pectin [1]. 475 
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Supplementary Table 3. Forward and reverse primers for genes of interest in study.  477 

Gene NCBI Gene ID Forward Primer Reverse Primer 

NFκB 81736 5’ 
TTATGGGCAGGAT
GGACCTA 3’ 

5’ 
CCTTTCAGGGCTTT
GGTTTA 3’ 

TNFα 24835 5’ 
CACAAGGCTGCTG
AAGATGT 3’ 

5’ 
GAGGGAAGGAAGG
AAGGAAG 3’ 

IL-6 24498 5’ TGGCTAAGGACC 
AAGACCAT 3’ 

5’ 
TTGCCGAGTAGAC
CTCATAGTG 3’ 

NOX4 85431 5’ 
CCTCCATCAAGCC
AAGATTC 3’ 

5’ 
CTCCAGCCACACA
CAGACTAAC 3’ 

β-actin 81822 5’ 
TTGCTGACAGGAT
GCACAAG 3’ 

5’ 
CAGTGAGGCCAGG
ATAGAGC 3’ 

GAPDH 24383 5’ 
TCAAGAAGGTGGT
GAAGCAG 3’ 

5’ 
CCTCAGTGTAGCC
CAGGATG 3’ 
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