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Abstract: Approximately 90% of the coffee cherry is discarded as waste during coffee bean 

processing. Coffee pulp has been validated as a potential safe ingredient and is a potential source 

of nutrients and health-promoting compounds that could be used as nutraceuticals to manage some 

chronic diseases. Metabolic disorders associated with dysregulated energy and cellular processes, 

such as obesity and hyperlipidemia, contribute to non-alcoholic fatty liver disease (NAFLD). In this 

sense, the main objective of this study was to evaluate the impact of an in vitro simulated digestion 

on the hypolipidemic properties of coffee pulp flour and the biological activity of the digested 

fractions of its flour and extract in HepG2 cells. The hypolipidemic properties of coffee pulp flour 

were tested by measuring the capacities of the residual fraction of each digestion to bind cholesterol 

and bile salts and to inhibit the lipase activity after simulated gastric, intestinal, and colonic in vitro 

digestion. The results exhibited that coffee pulp residual fraction had up to a 58% (p < 0.05) more 

capacity to bind cholesterol, 1.9-fold (p < 0.05) higher bile salts binding capacity, and 1.5-fold (p < 

0.05) higher ability to reduce the lipase activity than control residues. Likewise, the digested 

fractions of coffee pulp flour and extract (50–250 µg/mL) significantly (p < 0.05) alleviated the 

accumulation of fat (14–35%), triglycerides (5–27%), and cholesterol (9–48%) triggered by the 

stimulation of HepG2 cells with palmitic acid (500 µM) to simulate NAFLD. In conclusion, 

simulated gastrointestinal and colonic digestion improves coffee pulp hypolipidemic properties, 

enhancing its biological activity in cell culture models. Therefore, this coffee by-product could be an 

interesting potential ingredient to be used to prevent hyperlipidemia and regulate lipid metabolism. 
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1. Introduction 

The coffee beverage is one of the most consumed products worldwide, but approximately 90% 

of the coffee cherry is discarded as waste during coffee bean processing, which sometimes is not 
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handled correctly and has a meaningful environmental impact [1,2]. These coffee by-products are 

also a potential source of compounds with functional properties, among other applications [1]. 

Coffee by-products comprise husks, skin and pulp, coffee mucilage, coffee parchment, coffee 

silverskin, and spent coffee grounds, but the composition depends on the type of processing 

employed: wet or dried [3,4]. Coffee pulp is one of the coffee by-products obtained during the wet 

processing of coffee beans. Coffee pulp composition is dietary fiber (57%), carbohydrates (20%), 

protein (11%), and fat (3%), and is an exciting source for animal feeding. However, its use is restricted 

due to the presence of non-nutritional factors [4,5]. On the other hand, the coffee pulp has been 

validated as a potential safe ingredient and is a potential source of nutrients and health-promoting 

compounds that could be used as nutraceuticals to manage some chronic diseases [6]. 

Non-alcoholic fatty liver (NAFLD) is the most frequent chronic liver disease worldwide, 

representing the hepatic manifestation of the metabolic syndrome which may develop from simple 

steatosis (i.e., fat accumulation in more than 5% of the hepatocytes) to necroinflammation and 

fibrosis, leading to non-alcoholic steatohepatitis (NASH), and in some instances to cirrhosis, liver 

failure and even to hepatocellular carcinoma [7,8]. Obesity and hyperlipidemia, among other 

diseases, predispose to NAFLD and may also contribute to the above-noted lipid disorders [9,10]. 

Nowadays, there is no established treatment for NAFLD; however, there are some practical 

recommendations on NAFLD management, supporting the diet’s principal role [11]. 

Therefore, this study’s main objective was to evaluate the impact of an in vitro simulated 

digestion on the hypolipidemic properties of coffee pulp flour and the biological activity of the 

digested fractions of its flour and extract in HepG2 cells. 

2. Materials and Methods 

2.1. Materials 

Dulbecco’s Modified Eagle Medium low glucose (1000 mg/mL) (DMEM) and 0.25% trypsin-

EDTA were purchased from GE Healthcare Life Sciences. Fetal Bovine Serum (FBS), penicillin-

streptomycin (100×) were obtained from Gibco Life Technologies. o-Phthalaldehyde, furfural, bile 

salts, lipase, Tween®  20, Bovine Serum Albumin (BSA), Palmitic Acid (PA), 2′,7′-Dichlorofluorescein 

diacetate (DCFDA), and Oil Red O were purchased from Sigma-Aldrich (St. Louis, MO, USA). All 

other chemicals and reagents were obtained from Panreac (Barcelona, Spain) unless otherwise 

specified. 

2.2. Coffee Flour and Aqueous Extracts Preparation 

Coffee pulp was provided by AORA Health (Spain). After milling, coffee pulp flour was 

obtained. Coffee aqueous extracts were obtained, as described by Rebollo-Hernanz et al. [12]. 

2.3. INFOGEST Static In Vitro Simulation Digestion 

Digestions were carried out based on preliminary and optimized protocols described by 

Brodkorb et al. [13] 

2.4. Cholesterol Binding Capacity 

For the measure of the residue’s cholesterol-binding capacity, fresh egg yolks were diluted 1:10 

(v/w), and the dilution was emulsified, divided, and adjusted to pH 2.0 and pH 7.0. Samples (0.1 g) 

were mixed with the diluted egg yolk (2 mL) and incubated with agitation (2 h, 37 °C), followed by 

an 800× g centrifugation (15 min). Consecutively, samples supernatants (0.1 mL) were mixed with 0.6 

mL of pure acetic acid, 0.2 mL of H2SO4 (96%), and 0.1 mL of o-Phthalaldehyde (0.6 mg/mL) and 

incubated while mixing for color development (30 min, 60 °C). Finally, triplicate measured 

absorbance at 550 nm using a microplate reader (Cytation 5, Biotek, Winooski, VT, USA). 

  



Proceedings 2020, 57, x FOR PEER REVIEW 3 of 7 

 

2.5. Bile Salts Binding Capacity 

A mixture of NaCl (15 M, pH 7,0) and sodium cholate (4.65 mM) was added to 0.1 g of the 

residual fraction of gastric and intestinal flour digestion. The samples were incubated for 3 h at 37 °C 

while mixing, followed by an 800× g 15 min centrifugation. Hereafter, 0.6 mL of HCl (45%) and 0.1 

mL of furfural (0.3%) were added to 0.1 mL of the supernatant. The samples were incubated with 

oscillations for color development (30 min, 65 °C). Absorbance was measured by triplicate at 620 nm 

using a microplate reader. 

2.6. Inhibitory Activity Against Pancreatic Lipase 

To determine the inhibitory activity against pancreatic lipase, a mixture consisting of olive oil (2 

mL), lipase (2 mL, 0.75 mg /mL), bile salts (5 mL), and PBS 10X (5 mL, pH 7.2), was added to 0.1 g of 

the residual fraction of each flour digestion. Controls were carried with or without each compound 

(including residual fraction). Samples were incubated (37 °C, 1 h). The reaction was stopped in the 

cold for 5 min, followed by centrifugation (800× g, 15 min). Hereafter, Tween®  20 (0.2 mL) was added 

to the supernatant of those samples that contained olive oil to emulsify the fats. Finally, each sample’s 

lipase activity was measured using an acid-base titration with NaOH (0.02 M) and Phenolphthalein. 

2.7. Treatment Preparation for HepG2 Cells 

The digested fractions of coffee pulp flour (CPF) and extract (CPE) were diluted in DMEM free 

and filtered with 0.45 µm cellulose acetate filters. 

2.8. Cell Culture Method 

HepG2 cells were obtained from ATCC, (Rockville, MD, USA). Cells were cultured in DMEM 

(1000 g/mL glucose) supplemented with 10% FBS and 1% penicillin/streptomycin at 37 °C in a 

humidified atmosphere. 

2.8.1. Cell Viability 

HepG2 cells were seeded at 5 × 105 cells/mL in 96 well culture plates and incubated for 24 h. On 

day 2, cells were treated with CPF and CPE (50–250 μg/mL) for 24 h at 37 °C in a humidified 

atmosphere. On day 3, cell viability assay was performed with the CellTiter 96®  AQueous MTS 

Reagent Powder (Promega Corporation, Madison, WI, USA) according to the manufacturer’s 

instructions. 

2.8.2. NAFLD Induction in HepG2 Cells 

HepG2 were seeded at 1 × 105 cells/cm2 in 96 well culture plates and incubated for 24 h. On day 

2, NAFLD was induced in HepG2 cells with PA (500 μM), and they were treated with CPF or CPE 

(100 μg/mL) for 24 h at 37 °C in a humidified atmosphere. To prepare the PA solution, PA was 

conjugated with DMEM containing 1% BSA. Control cells were treated with 1% BSA only. 

2.8.3. Reactive Oxygen Species Formation in HepG2 Cells 

After 24 h incubation with treatments, NAFLD induction was determined by measuring the 

intracellular reactive oxygen species (ROS) formation by adding DCFDA (25 μM). Fluorescence 

intensity was detected using a fluorescence microplate reader at an excitation/emission wavelength 

at 485 nm/530 nm, respectively. DCFDA was prepared according to the manufacturer’s instructions. 

2.9. Biological Hypolipidemic Activity 

The accumulation of total lipids and intracellular triglycerides were performed as previously 

described by Rebollo-Hernanz et al. [12] using Oil Red O and a colorimetric triglycerides assay kit 

(Spinreact), respectively, according to manufacturer’s instructions. Cholesterol accumulation was 
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measured as previously described by Ryu et al. [14] using a colorimetric cholesterol assay kit 

(Spinreact) according to the manufacturer’s instructions. 

2.10. Statistical Analysis 

All experiments were carried out by triplicate. Results are expressed as the mean ± standard 

deviation (SD) (n = 3) and were assessed statistically by one-way analysis of variance (ANOVA) and 

post hoc Tukey test. Differences were defined as statistically significant for values of p < 0.05. All 

analyses were performed using SPSS 24.0. 

3. Results 

3.1. Simulated Gastrointestinal and Colonic Digestion Enhances the Hypolipidemic Properties of Coffee Pulp 

Digested residual fractions of coffee pulp flour had significantly more cholesterol and bile salts 

binding capcacity than control residues (Figure 1). Furthermore, the digested residue had higher bile 

salts binding capacity than the raw residue, which indicates that digestion enhanced this property. 

On the other hand, the digested residual fractions showed an increased binding cholesterol capacity 

as digestion went by, although it did not show a significant enhancement against raw residue. Gastric 

residual fraction had the lowest binding capacity for cholesterol; however, it had the highest binding 

capacity for bile salts. Moreover, the results exhibited that coffee pulp residual fraction had 1.5-fold 

(p < 0.05) higher ability to reduce the lipase activity than control residues. 

 

Figure 1. Hypolipidemic properties of coffee pulp digested residual fractions. (A) Cholesterol binding 

capacity of coffee pulp digested residual fractions at pH 2.0; (B) Cholesterol binding capacity of coffee 

pulp digested residual fractions at pH 7.0; (C) Bile salts binding capacity of coffee pulp digested 

residual fractions. The results are expressed as mean ± SD. Bars with different letters significantly (p 

< 0.05) differ according to ANOVA and Tukey’s multiple range test. G: Gastric digestion residual 

fraction; GI: Intestinal residual fraction; C: Colonic residual fraction; RAW: Raw flour. 

3.2. Coffee pulp Is Not Toxic and Regulates ROS Production and the Accumulation of Lipids in Hepatocytes 

Cell cultures were incubated for 24 h with PA to simulate a model of NAFLD. MTS assay was 

used to determine the effect of different concentrations of CPE and CPF (50–250 μg/mL) on HepG2 

proliferation, and the results showed that all the concentrations used were safe. ROS levels were 

measured to study the NAFLD induction. The results showed PA at a 500 μM concentration increased 

significantly (p < 0.05) the ROS formation. Moreover, HepG2 cell morphology changed after 

incubation with PA, favoring to see lipid drops in some conditions (Figure 2). 
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Figure 2. Illustrative representation of HepG2 morphologies after incubation in different conditions 

(A) Cells cultured in DMEM-BSA 1%; (B) Cells cultured in DMEM-BSA 1% with PA (500 μM); (C) 

cells cultured in DMEM-BSA 1% with PA (500 μM) with treatment (Intestinal CPE, 100 μg/mL). 

The results showed that CPF and CPE had a biological effect in HepG2 culture triggered by the 

cells’ stimulation with PA (500 μM). The digested fractions of CPF and CPE (50–250 µg/mL) 

significantly (p < 0.05) alleviated the accumulation of fat (14–35%). Moreover, it also had an effect by 

modulating the triglycerides and cholesterol levels, lowering them about 5–27% and 9–48%, 

respectively. 

4. Discussion 

Dietary fiber (DF) is not absorbed nor digested during humans’ gastrointestinal process, but it 

is wholly or partially fermented during intestinal digestion [15]. DF has a clear impact on lipid 

metabolism and cholesterol absorption [16,17]. The residual fraction of the simulated gastric 

digestion of coffee pulp showed lower cholesterol adsorption capacity at pH 2.0 than the intestinal 

residue at pH 7.0. Furthermore, colonic residual fraction showed the highest cholesterol-binding 

capacity at both pHs. These results suggest that cholesterol-binding capacity improves during 

digestion phases. DF properties may also change during the digestion process, explaining why 

cholesterol-binding capacity improves during the digestion phase. Previous studies have already 

demonstrated that DF’s presence reduces bile salts’ reabsorption by binding them [18]. The residual 

fraction of the simulated gastric and colonic digestion of coffee pulp showed higher bile salts binding 

capacity than raw material. During the digestion process, DF is supposed to play an essential role in 

the bile salts binding process because DF inhibits its surfactant activity during intestinal digestion, 

which reduces micelles formations and consequently might reduce circulating triglycerides [19]. pH 

changes during the digestion process might explain it. Either way, this hypolipidemic property could 

be important to prevent and reduce the accumulation of circulating triglycerides in NAFLD context, 

among other diseases. The residual fraction of the simulated gastrointestinal digestion of coffee pulp 

also showed more inhibitory activity against pancreatic lipase. Previous studies have suggested that 

DF and phenolic compounds present on it might inhibit pancreatic lipase [20]. 

These studies suggest that coffee pulp digestion could enhance its hypolipidemic properties, 

which could have an important role in the treatment or prevention of NAFLD, among other chronic 

diseases. In this regard, studies in HepG2 cells showed that CPE and CPF reduced lipid, cholesterol, 

and triglycerides accumulation after the induction of simulated NAFLD, which might be used to treat 

this disease. The mechanism underlying the progression of NAFLD was not elucidated. However, 

some authors have suggested that oxidative stress and mitochondrial dysfunction could be critical 

factors [21]. Previous studies have shown that coffee extract could have antioxidant effects on HepG2 

cell lines [22]. Evaluating the effects of digestion on coffee pulp antioxidant properties could also be 

necessary, and the results showed that CPE and CPF could exert a significant role as nutraceuticals. 

From this perspective and relying on these results, researching the effect of digestion on 

hypolipidemic properties and the biological activity of coffee pulp, among other coffee by-products, 

is vital to revalorize them as novel ingredients, which will also have a positive impact on the 

environment. Further investigations on the digested fractions of the digested coffee pulp and their in 

vivo functional properties will be completed to confirm coffee pulp’s health properties. 

5. Conclusions 

In conclusion, simulated gastrointestinal and colonic digestion improves the hypolipidemic 

properties of coffee pulp, enhancing its biological activity in cell culture models. Therefore, this coffee 

by-product could be an interesting potential ingredient to prevent hyperlipidemia and regulate lipid 

metabolism. 
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