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Abstract: The inhibit o ry  activities  of some plant mucilages  (taro, okra, Jew’s  mellow and aloe vera

mucilages) and some gums (arabic, tragacanth, oliba n iu m a n d mas tic gums) were tes ted on certain

intes tinal disaccharidases  in vitro . Different concentrations  (50, 100, 150 and 200 ppm) of each

mucilage and gum were employed to evaluate their potentials  on in tetinal disaccharidases  after pre-

incubation with enzyme. The obtained data showed that the mucilages  and gums under inves tigat io n

possessed inhibitory activities  for certain intes tinal disaccharidas es  (i.e. intes tinal invertase, maltase

or lactase). The inhibitory  a c tivities  of mucilages  and gums were very varied each to other. The

in h ib it o ry  activities  of mucilages  and gums were proportioned with the concentration of

polysaccharide. In conclus ion, the mucilages  and gums under inves tigation can be used in medical and

pharmaceutical fields  as  an adjunct to the dietary management of obes ity and diabetes .
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INTRODUCTION

The plant mucilages  and gums are polysaccharides  which form colloidal solution in water from which they

can oft e n  p re c ipitated. They found in a widespread number of plants  and also in some microorganisms . They

can exis t either as  a secondary membrane thickening material or as  intracellular subs tance. They are used in

medical and pharmaceutical purposes  (Smith and Montgomery, 1959). In the recent years , plant polysaccharides

especially mucilages  and gums has  been reported to be having biological activ it y  in  h uman and animal.

Antitumor, immunological, anticomplementary, anti-inflammatory, anticoagulant, antiviral, hypocholes terolemic

and hypoglycemic activities  have been observed in a wide range of polysaccharides . Polysaccharides  cons titute

the subject matter of several excellent researches ; either in vivo  or in vitro . It has  been observed that plant

polysaccharide, interact with diges tability of foods , either i n  v i t ro  or in vivo . It is  also well known to us  that

increas ing the dietary fiber content of diets  (including gums and mucilages) affects  the metabolism of nutrients

(i.e. carbohydrates , proteins  and lipids ) either in h u ma n s  o r in  animals . The presence of “indiges tible

polys a c c h arides” in casein diets  fed to rats  was  reported to s ignificantly increase fecal nitrogen excretion and

s ignificantly decrease the diges tibility of casein. In other words , polysaccharides  of soluble dietary fiber did

not reduce protein diges tibility only but a ls o  reduced s tarch diges tibility (Kelsay et al., 1978; Harmuth-Hoene

and Schwerdtfeger, 1979; Ikeda and Kusano, 1983 and Kashef et al., 2008). 

Dietary fibers , inc lu d in g  g u ms  and mucilages , are able to alter the diges tion rate by various  mechanisms

which depend on the chemical compos ition of the polysaccha rid e s  and their phys ical properties  such as

viscos ity. Among the various  fiber sources , some are reported to reduce the enzyme activity, while others  have

no effect (Gagne and Acton, 1983;  Pe t e r, 1989 and Harland, 1989). The inhibitory activities  of mucilages  and

gums under inves tigation were s tudied on some diges tive enzymes  in vitro .  Da t a  showed that pre-incubation

of diges tive enzyme (i.e. pancreatic  a my la s e , tryps in or lipase) or enzyme subs trate with different

c o n c e n t ra t ions  of each mucilage or gum led to s ignificant inhibition of enzyme activity (Hassan, 2004 a n d

Afify et al., 2004). Few s tudies  were concerning the inhibito ry  a ctivities  of mos t polysaccharides  on intes tinal

disaccharidases , especially mucilages  and gums of our s tudy. Infante et al. (2008) s t udied the effect of legume

dietary fiber on rat disaccharidase in vitro. The results  sugges ted that dietary fiber may impair carbohydrate

availability and may contribute to the low glycemic  in d e x proper of these foods tuffs . Modulatory effect of

fenugreek seed mucilage and spent turmeric on in t e s t inal and renal disaccharidases  in s treptozotocin induced
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diabetic rats  was  s tudie d  by Nandini et al. (2000) and Kumar et al. (2005). They found that fenugreek seed

mucilage and spent turmeric supp lementations  were beneficial in alleviating the reduction in maltase activity

during diabetes , however not much change in the activities  of sucrase and lactase was  observed upon feeding.

The present s tudy was  planed to inves tigate the inhibitory activities  of  s o me  mu c ilges  and gums agains t

certain intes tinal disaccharidases  (invertase, maltase and lactase). Alt h o u g h the effects  were assayed in vitro ,

the results  of this  work should be relevant to the human body.

MATERIALS AND METHODS

Materials:

Plant Material:

Three plant samples , taro tubers  (Colocassia esculenta , family Araceae); okra fruits  (Hibiscus esculenta

L., family Malvaceae); and Jew’s  mellow leaves  (Corchorous olitorius, family Tiliaceae), and four g u ms , g u m

arabic (from Acacia Senegal, family Leguminos a e );  g u m tragacanth (from Astragalu gummifer, family

Leguminosae); gum olibanium (from B o swella carterii, family Frankincense); and gum mas tic (from Pistacia

lentiscus, family Anacardiaceae), were purchased from a local market at Giza, Egypt. Aloe leaves  (Aloe vera ,

family Liliaceae) were collected from Orman garden at Giza, Egypt.

Chemicals: 

Glucose kit (for determination of glucose) wa s  fro m Biocon, Germany. All other chemicals  were of

analytical reagent grade.

Animals:

Male W is tar white rats  were purchased from Research Ins titute of Ophthalmology, Giza, Egypt.

Methods: 

Extraction of Crude Mucilages:

The crude mucilage of taro was  extracted from corms  us ing the pro c e d u re  reported by Lin and Huang

(1993). The crude mucilages  of okra and  Je w’s  me llo w were extracted from the fruits  and leaves  us ing the

procedure reported by El-Mahdy and El-Sebaiy (1984). The cru d e  mu c ilage of aloe vera was  extracted from

the leaves  us ing the procedure reported by Gowda et al. (1979).

Preparation of Gums:

The crude gums were prepared from gum arabic, gum tragacanth, gum o libanium and gum mas tic us ing

the procedure reported by Tischer et al. (2002).

Assay of Intestinal Disaccharidases Inhibitory Activity:

The intes tinal disaccharidases  inhibitory activity was assayed for polysaccharides  under inves tigation based

on the method of Dahlqvis t (1968).

Animals:

Male W is tar white rats , weighing 200-250 g, were used for the  e xperiment. The animals  were housed in

a controlled environment and fed, ad libitum, on a regular laboratory diet.

Preparation of Intestinal Homogenate:

Rats  were dec a p itated, and the intes tine was  removed by cutting of both the upper end of the duodenum

and the lower end of the ileum. The entire intes tine content was  wis h e d  with cold saline solution (0.9% NaCl,

w/v). Th e  in t e s t in e  wa s  turned ins ide out and the mucosa is  scraped off with a piece of glass . Mucosa was

h o mo g e n is e d with four parts  of cold dis tilled water by ultrasonic probe (frequency at 10 kHz) for 1 min. T h e

tube was  chilled with crushed ice before and during homogenization. The homogenate was  centrifuged at 4000

rpm for 10 min and supernatant was  used for disaccharidases  inhibitory activity assay.

Procedure:

A known volumes  (10, 20, 30 and 40 μl) of each  polysaccharide so lu t io n  (0.1% ) were added to 50 μl

of  diluted supernatant (dilution factor = d). The solutions  were mixe d  we ll a n d  incubated at 37ºC for 30 min.

100 μl o f s u b s t ra t e-buffer solution (0.056 M disaccharide in 0.1 M sodium maleate buffer, pH 6.0) was  added
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and mixed well. Aft e r e xa c t ly 60 min, the reaction is  interrupted by incubating at 100ºC for 5 min, then 200

μl of dis tilled water were added and mixed well.  T h e  lib e ra ted glucose  was  determined by glucose kit.

Activities  of sucrase, maltase and lactase were calculated from the following equation. The inhibitory activities

were calculated by the difference.

a . d

Disaccharidase activity = )))))))))))))))

n . 1080

W here: a is  amount of glucose (μg) libe ra t e d  in 60 min (sample-blank), d is  dilution factor for the enzyme

solution (supernatant, 50 μl) and n is  number of glucose molecule per molecule of disaccharide.  

Determination of Glucose: 

Glucose content was  determined us in g  t h e  method described by Trinder (1969) with Biosub Glu kit  

(Biocon, Germany).

Statistical Analysis:

T h e  re sults  were analysed by an analys is  of variance (P<0.01) and the means  separated by Du n c a n ’s

multiple range tes t. The results  were processed by CoStat computer program (1986).

RESULTS AND DISSCUSION

Mucilages  and gums under inves tigation were tes ted for their inhibitory activities  (in vitro) agains t certain

intes tinal disaccharidases  (i.e. intes tinal invertase, maltase or lactase). In this  s tudy, the enzyme a ctivities  were

assayed after pre-incubation of individua l mucilage or gum at various  concentrations  with enzyme for suitable

period.

Intestinal Invertase:

Four different concentrations  (50, 100, 150 and 200 ppm) of e a c h  mu c ilage and gum were employed to

evaluate their potentials  on intes tinal invertase after pre-incubation with enzyme. The obtained results  are

presented in Table (1). Data showed that there were inhibito ry  effects  of mucilages  and gums at various

concentrations . Inhibitory activities  of mucilages  and gums were elevated with higher concentrations . The

50maximum inhibitory effect (41.5%) was  observed with taro mucilage at higher concentra t io n  (200 p pm, IC

= 217 ppm). The lower inhibitory activity (24.8%) was  observed with gum arabic at the same concentra t io n

5 0(IC  = 412 p p m). At higher concentration (200 ppm), the inhibitory activities  of mucilages  and gums were

in the following decreasing order: t a ro  mu c ilage > okra mucilage > gum mastic > Jew’s  mellow mucilage >

aloe vera mucilage > gum olibanium > gum tragacanth > gum arabic. 

Table 1: Inhibitory  activity  of mucilages and gums for intestinal invertase after pre-incubation of enzyme with polysaccharide

Polysaccharide Concentration of polysaccharide (ppm)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5050 100 150 200 L.S.D IC
------------------------------- ------------------------------ -------------------------------- ------------------------------

Inhibitory Inhibition Inhibitory Inhibition Inhibitory Inhibition Inhibitory Inhibition
unit % unit % unit % unit %

Taro mucilage 4.355±0.09a 21.55 6.721±0.14b 33.27 7.612±0.13c 37.68 8.393±0.28c 41.5 0.84 217
Okra mucilage 0.837±0.02a 15 1.319±0.02b 23.7 1.642±0.01c 29.5 2.123±0.08d 38.2 0.22 258
Jew's mellow mucilage 1.673±0.06a 9 2.913±0.14b 15.6 4.547±0.16c 24.4 5.422±0.20d 29.1 0.73 334
Aloe vera mucilage 1.451±0.06a 7.7 2.471±0.12b 13.2 3.846±0.16c 20.6 5.307±0.11d 28.5 0.58 358
Gum arabic 0.87±0.04a 6.2 1.62±0.09b 11.5 2.45±0.06c 17.5 3.48±0.14d 24.8 0.44 412

Gum tragacanth 2.81±0.15a 15.2 3.49±0.12ab 18.8 3.86±0.14b 20.8 4.60±0.16c 25 0.70 406
Gum olibanium 0.766±0.03a 3.6 3.118±0.15b 14.7 3.746±0.14b 17.7 5.757±0.16c 27.2 0.63 373
Gum mastic 0.38±0.02a 7.1 0.95±0.04b 17.4 1.44±0.04c 26.4 1.79±0.10d 32.7 0.28 296

- Values are means of three replicates ± SE, numbers in the same raw followed by  the same letter are not significant different at P< 0.01.

Intestinal Maltase:

The inhibitory activities  of mucilages  and gums at different c o n c e n t ra tions  (50, 100, 150 and 200 ppm)

on intes tinal maltase are shown in Table (2). Significant reductions  in intes tinal maltase a c t ivity were obtained

by addition of polysaccharides  to enzyme. The highes t in h ib it io n  o f these polysaccharides  was  noticed with

50gum mas tic (34.60%, IC  = 289 ppm) at concen tration of 200 ppm. Okra mucilage also possessed high

inhibitory activity but less  than that of gum mas tic at the same concentration, where inhibition reached 31.80%

5 0(IC  = 317 ppm). The inhibition percentages  of intes tinal maltase were more than 20% with gum arabic, g u m

olibanium, t a ro mucilage and Jew’s  mellow mucilage (28.50, 26, 25.60 and 22.30%, respectively). Inhibitory

activities  of gum tragacanth and aloe vera mucilage less  than 20% were 18.40 and 15.60%, respectively.
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Table 2: Inhibitory  activity  of mucilages and gums for intestinal maltase after pre-incubation of enzyme with polysaccharide
Polysaccharide Concentration of polysaccharide (ppm)

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5050 100 150 200 L.S.D IC
------------------------------- ------------------------------ -------------------------------- ------------------------------
Inhibitory Inhibition Inhibitory Inhibition Inhibitory Inhibition Inhibitory Inhibition
unit % unit % unit % unit %

Taro mucilage 0.041±0.001a 1.4 0.091±0.002b 3.2 0.377±0.002c 13.6 0.711±0.008d 25.6 0.021 425
Okra mucilage 0.350±0.004a 13.8 0.559±0.003b 22.1 0.595±0.006c 23.5 0.805±0.001d 31.8 0.020 317

Jew's mellow mucilage 0.075±0.003a 2.7 0.202±0.005b 7.2 0.410±0.004c 14.7 0.620±0.007e 22.3 0.023 459
Aloe vera mucilage 0.064±0.003a 2.3 0.110±0.006b 4 0.218±0.002c 7.8 0.433±0.001d 15.6 0.017 700
Gum arabic 0.469±0.009a 18.8 0.499±0.002a 20 0.600±0.009b 24.1 0.710±0.008c 28.5 0.035 355
Gum tragacanth 0.117±0.001a 4.6 0.327±0.005b 13 0.417±0.004c 16.5 0.465±0.006d 18.4 0.022 506
Gum olibanium 0.084±0.001a 3.02 0.168±0.004b 6.04 0.269±0.006c 9.6 0.721±0.006d 26 0.023 450

Gum mastic 0.451±0.005a 18.1 0.590±0.007b 23.7 0.663±0.005c 26.6 0.861±0.009d 34.6 0.032 289
- Values are means of three replicates ± SE, numbers in the same raw followed by  the same letter are not significant different at P< 0.01.

Intestinal Lactase:

Da t a  in Table (3) show the effect of individual mucilage and gum on intes tinal lactase activity a ft e r p re -

incubation with e n zy me . T h e inhibitory activity was increased with increas ing the concentration of each

polysaccharid e . T h e inhibitory activities  of mucilages  and gums were very varied each to other. The obtained

data revealed that the mucilages  and gums under inves tigation possessed highes t inhibition percentages  agains t

50intes tinal lactase more than 50%. The IC  values  of polysaccharides  we re  le s s  t h an 200 ppm. From the

obtained results , it could be arranged these po ly s a c c harides  according to their inhibition (%) in the following

decreas ing order: okra mucilage (84.30%) > gum mas tic (79.20%) > gum tragacanth (78.30%) > Jew’s  mellow

mucilage (72.80%) > a lo e  v e ra mucilage (72.60%) > taro mucilage (68.20%) > gum arabic (65.40%) > gum

olibanium (50.60%).

Table 3: Inhibitory  activity  of mucilages and gums for intestinal lactase after pre-incubation of enzyme with polysaccharide

Polysaccharide Concentration of polysaccharide (ppm)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5050 100 150 200 L.S.D IC
------------------------------- ------------------------------ -------------------------------- ------------------------------

Inhibitory Inhibition Inhibitory Inhibition Inhibitory Inhibition Inhibitory Inhibition
unit % unit % unit % unit %

Taro mucilage 0.794±0.03a 5.6 7.305±0.05b 51.6 8.828±0.06c 62.3 9.656±0.03d 68.2 0.21 132

Okra mucilage 1.524±0.038a 15.5 5.410±0.043b 55.1 7.404±0.038c 75.4 8.269d 84.3 0.16 109
Jew's mellow mucilage 0.595±0.01a 5 2.643±0.07b 22 7.087±0.06c 58.8 8.772±0.04d 72.8 0.25 146
Aloe vera mucilage 3.485±0.07a 29 5.388±0.01b 44.7 7.291±0.10c 60.5 8.743±0.09d 72.6 0.38 124
Gum arabic 0.631±0.03a 5.7 2.153±0.06b 19.7 6.560±0.01c 60.2 7.134±0.14d 65.4 0.36 153
Gum tragacanth 1.306±0.09a 12 2.598±0.09b 23.8 4.809±0.10c 44.1 8.541±0.05d 78.3 0.41 149

Gum olibanium 0.992±0.02a 12 2.316±0.05b 28.1 3.410±0.04c 41.5 4.158±0.09d 50.6 0.26 190
Gum mastic 1.826±0.05a 13 5.411±0.06b 38.2 10.603c 75 11.212±0.06d 79.2 0.23 120

- Values are means of three replicates ± SE, numbers in the same raw followed by  the same letter are not significant different at P< 0.01.

In general, the data obtained concerning the inhibitory activities  of mucilages  and gums under inves tigation

could be revealed that activities , as  indicated by inhibitory units  and in h ib it ion percentages , are proportioned

with the concentration of each polysaccha rid e . A ll mucilages  and gums under inves tigation are possessed

inhibitory activities  agains t certain intes tinal disaccharidases . Inhibitory activity of each polysaccharide is  varied

from enzyme to other and also from polysaccharide to other. 

The inh ibitory activity of  mucilages  and gums could be attributed to that these polysaccharides  are

reducing the enzyme-subs trate binding or affecting on enzyme directly or altering the en zy me  conformation

or interacting with enzyme (as  protein). These poss ibilities  a re  in agreement with those of many authors  (Felix

and Zahola, 1993; Kho kh a r, 1994;  Hassan, 2004 and Kashef et al., 2008). Viscous  fibres  like guar gum are

shown to brin g  a b o u t  s low intes tinal absorption of sugar by delayed gas tric emptying or by interaction with

diges tive en zy me s  of the intes tine (Schneeman, 1982). It found that, compared with a fiber-free diet in rats ,

27 wk of pectin supplementation produced s ignificant decreases  in jejunal sucrase and lactase specific activities

with the same trend observed for maltase specific activity (Thomsen and Tasman-Jon e s , 1982 a n d Koruda et

al., 1988). Since proteins  will interact to form complexes  with polysaccharides  of oppos ite net charge, it is  not

surpris ing that enzyme activities  can be affected quite markedly by the presence o f a n io n ic  p olysaccharides .

The mucilages  and gums under inves tigation are also cons idered anionic polysaccharides . Kenjiro et al. (2003)

found that th e re  wa s  an ionic interaction between acidic polysaccharides  (APS) and proteins  at the pH range

in which APS were negatively charged and prote in s  we re  p o s itively charged, and in enzymes  the interaction

was  detected as  a change in the enzyme activity. At pH 4.7, acid phosphatase (pI, 5.4), á-glucos idase (pI, 5.7),

and â-glucos idase (pI, 7.3) were inhibited by APS to various  extents . 

Concluding Remarks:

Finally, it could be concluded that mucilages  and gums un d e r inves tigation can be used in the medical

and pharmaceutical fields  as  an adjunct to the dietary management of obes ity and diabetes .
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