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Abstract 

The present study evaluated in vitro water-retention properties of three cereal grains: wheat, barley and 

corn. All samples were submitted to an in vitro digestion that consisted of a two step enzymatic procedure: 

an initial simulation of the gastric digestion by pepsin, followed by a pancreatin digestion which simulated 

small intestine digestion. The obtained results indicate the dependence of water-retention capacity on the 

type of grain and on the type of digestion. The highest value was obtained for barley after intestinal 

digestion and the lowest was obtained for corn after intestinal digestion. Small differences were observed 

between values obtained after gastric and intestinal digestion. 
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1. Introduction 

Dietary fiber is a ubiquitous component of plant 

foods and includes materials of diverse chemical 

and morphological structure, resistant to the action 

of human alimentary enzymes [1]. 

Dietary fiber behaves within the gastrointestinal 

tract as a polymer matrix with variable 

physicochemical properties including susceptibility 

to bacterial fermentation, water-retention capacity, 

cation-exchange, and adsorptive functions [2]. 
These properties determine physiological actions of 

fiber and are dependent on the physical and 

chemical composition of the fiber. Fiber swells 
within the aqueous medium of the intestinal lumen 

taking up water and small molecules [3]. 

Water-retention capacity (WRC), a physical 

property of fiber, has been related to human colonic 

digesta passage [4-6]. The water associated with 

fiber is an important consideration when 

investigating the effects of fiber in the diet. Such 
water will influence the metabolic activity of fiber 

along the gut. 

 
High WRC has been associated to reduction in the 

gelatinisation of starch, which is relevant to human 

nutrition, where the degree of starch gelatinisation 

can affect the postprandial sugar availability in 

foods [7].  

The water-retention capacity of dietary fiber has 

important physiological effects in both the upper 

and lower intestine. Hydration of fiber occurs by 

adsorption to the surface of the macromolecules and 
by entrapment within the interstices of the fibrous or 

gel matrix [2]. 

Because of their ability to swell within the aqueous 
medium, dietary fibers can trap water and nutrients, 

especially water-soluble ones, such as sugars. WRC 

increases with particle size, due to the greater 

number of pores and voids in the sponge-like 

matrix. The WRC of fiber is a measure of the ability 

of a fiber source to immobilize water within its 

matrix. Water-retention capacity (WRC) of dietary 
fiber is usually considered as the amount of water 

held in association with fiber or non-starch 
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polysaccharides (NSPs) either as trapped water or 

bound water, and is a function of the source of fiber 

and method of measurement [6,8]. 

The results of studies on the chemical composition, 

the structure, and WRC of some fiber concentrates 

suggest that WRC depends mostly on the fiber 

structure than on the chemical composition [6,9,10]. 

McConnell et al. [4] highlighted the relationship 

between WRC value and the dietary fiber content, 
by observing the highest value of WRC in bran. 

By an in vitro determination of the hydration or 

physicochemical properties of dietary fiber (such as 
water retention capacity), the in vivo physiological 

effects of dietary fiber can be predicted [11,12]. 

The objective of our experiment was to determine 
WCR of ground wheat, barley and corn after in vitro 

gastric (G) and intestinal (I) digestion. 

2. Materials and methods 

For the gastric digestion, a sample of 4 g air-dried 

material, ground to pass a 0.5 mm screen, was 

weighed with an accuracy of 0.1 mg into a 50 mL 

plastic centrifuge tube. 

To each sample were added 13 mL of phosphate 

buffer (0.l M, pH 6.0), 0.4 mL HCl 2M, and 4 mL 
freshly prepared 4% pepsin solution (P7012 Sigma-

Aldrich; ≥ 2,500 units/mg of protein, from porcine 

gastric mucosa). In order to prevent bacterial 
growth, 0.5 mL of a chloramphenicol solution (0.5 g 

chloramphenicol, Sigma C-0378, per 100 ml 

ethanol) was added. 

The tubes closed with stoppers were placed in a 

shaking water bath (LabTech LSB-015S) at 37°C, r 

= 120 rpm. The gastric digestion was monitored at 

different incubation times: 30, 60, 90, and 120 

minutes. Samples were then centrifuged at 5000g 

for 10 minutes with a Hettich 320R centrifuge.  

For the intestinal digestion, after 120 minutes 

gastric digestion of the sample, 2 ml phosphate 

buffer (0.2 M, pH 6.8), 2 ml of 0.6 N NaOH (to 

adjust pH to 6.8), and 2 ml 2% pancreatin (Sigma 

P7545) were added to the mixture. 

The tubes were incubated in the water bath with 

shaking at 120 rpm at 37°C for 240 minutes. 

All samples for in vitro analysis were done in 

duplicate.  

 

Determination of water retention capacity:WRC of 

all the samples was evaluated in duplicate after G 

and I digestion [13]. To perform the analyses, 

samples were incubated following the in vitro 

methods described above and the evaluation was 

made in separate tubes for G and I incubation, the 

latter including both G and I incubation. The 

amount of sample submitted to analysis was 

recorded (W0) as well as the weight of the screw cap 
tube plus sample (W1). 

After incubation, WRC was determined by 

centrifugation for 20 min at 5000×g. Supernatant 
was carefully removed and tubes were kept upside 

down for 10 min to ensure that the non-retained 

water was drained. The tubes with the samples were 
then weighed (W2), dried in the oven at 100 ºC for 

16 h to ensure the complete drying of the insoluble 

residue, and then weighed again (W3). 

WRC determined after centrifugation is expressed 

as gram of water retained by 1 g dry matter (DM): 
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3. Results and Discussion 

The obtained results (Tables 1, 2, 3 and Figure 2) 
indicate the dependence of WRC on the type of 

grain and on the type of digestion. The highest value 

was obtained for barley after intestinal digestion 

(1.026 g/g DM) and the lowest was obtained for 

corn after intestinal digestion (0.832 g/g DM). 

Small differences were observed between values 

obtained after gastric and intestinal digestion. 

Table 1. WRC of ground wheat in gastric and intestinal 

digestion 

Specifi- 

cation 

W1 (g) W0 (g) W2 (g) W3 (g) WRC 

(g/g) 

G 9.977 4.004 16.692 13.2471 0.860 

I 10.022 4.002 17.085 13.1901 0.973 

 
Table 2. WRC of ground barley in gastric and intestinal 

digestion 

Specifi- 

cation 

W1 

(g) 

W0 

(g) 

W2 (g) W3 (g) WRC 

(g/g) 

G 9.966 4.004 17.338 13.3429 0.998 

I 9.980 4.002 17.340 13.2321 1.026 
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Table 3. WRC of  ground corn in gastric and intestinal 

digestion 

Specifi- 

cation 

W1 

(g) 

W0 

(g) 

W2 (g) W3 (g) WRC 

(g/g) 

G 9.992 4.006 16.640 13.2780 0.839 

I 9.986 4.002 16.680 13.3480 0.832 

 

0

0.5

1

1.5g/g DM

G I

wheat barley corn

 
Figure 1. WRC in gastric (G) and intestinal (I) digestion 

 

4. Conclusion 

The study on the action of digestive enzymes on 

some grain samples showed changes that occur in 

water retention capacity during gastric and 

intestinal. Water retention capacity depends on the 
type of grain, dietary fiber content and type of 

digestion.  

The highest WRC value was obtained for the barley 

sample after intestinal digestion and the lowest was 

obtained for corn after intestinal digestion.  

Small differences were observed between values 

obtained after gastric and intestinal digestion. 
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