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Abstract: Olive mill wastewater (OMWW) is the liquid by-product
generated during olive oil production. The aim of this study is to
investigate the effect of OMWW on intestinal glucose absorption in
mice, notably for treating diabetes. Oral glucose tolerance test
(OGTT) is a medical test in which glucose is given and blood samples
taken afterward to determine how quickly it is cleared from the
blood. This test was performed in Male C57BL/6J mice weighing 20—
25 g. Gavages of mice with glucose were performed after a 16-h fast
using a D-glucose solution (1 g/Kg) without or with OMWW, in dose
range of 0.5— 4 g/kg of body weight. The bleeds were further taken at
15, 30, 60, and 120 min after oral glucose administration. These
experiments were performed at least with 6 individual animals. Oral
glucose tolerance test carried out in mice showed that oral
administration of OMWW decreased glycemia at all tested
concentration, which is significant at concentration of 4g/Kg of body
weight. These results suggest OMWW have potentially hypoglycemic
effect in mice.

l. Introduction

The olive oil extraction is one of the ancient
agricultural industries all over the Mediterranean
area and up to day it is of fundamental economic
importance for many countries. The olive oil
industry generates large amounts of a liquid waste
effluent named olive mill wastewater (OMWW) or
vegetation water [1]. The annual world OMWW
production is estimated from 10 to over 30 million
m°® [2]. The great variety of components found in
OMWW (carbohydrates, polysaccharides, sugars,
lipids and phenolic compounds) [3]. On other hand,
the health benefits arising from a diet containing
olive oil have been attributed to its richness in
phenolic compounds that act as natural antioxidants
and are thought to contribute to the prevention of
heart diseases and cancers [4, 5]. The beneficial
health effects of OMWW have been mainly
attributed to its elevated phenols content [6].
Excessive oxidative stress is implicated in the

pathology and complications of Diabetes mellitus
(DM) and polyphenols with antioxidant properties
exert beneficial antidiabetic effect by correcting the
disturbed oxidative milieu in diabetic conditions
[7]. Diabetes is a chronic disease characterized by
disordered metabolism and inappropriately high
blood sugar (hyperglycaemia). DM is sharply
increasing globally, including in many parts of the
developing world, in major part as a consequence of
the world wide “epidemic” of obesity, characterized
by a loss of glucose homeostasis with disturbances
of carbohydrate, fat and protein metabolism
resulting from defects in insulin secretion, insulin
action, or both [8, 9]. The use of the drugs is
restricted by their pharmacokinetic properties,
secondary failure rates and accompanying side
effects [10]. Thus searching for a new class of
compounds is essential to overcome diabetic
problems. There is continuous search for alternative
drugs [11]. The present investigation is directed to
characterize  OMWW and the exploration its
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antidiabetic effect in mice, show inhibitory effect of
glucose utilization and, are in use as hypoglycemic
agent in traditional system of medicine.

1. Materials and methods

11.1. Materiels

11. 1.1. Chemicals

D-glucose (180.16, Prolabo). All other chemicals
and reagents were of analytical grade and were
purchased from Sigma Chemical Co. (St Louis,
MQ, USA), Aldrich Chemical Co. (Steineheim,
Germany), Merck (Darmstadt, Germany).

11.1.2. Plant resources

Fresh olive mill waste (OMWW) was supplied by
a discontinuous three phase olive processing mill
from from the area of kabylia in Algeria. This sample
was taken at the middle of the olive harvest season,
fractioned and conserved at -40°C.

11.1.3. Animals

Male C57BL/6J mice weighing 20-25 g were
from Centre Elevage Janvier, Le Genest-St. Isle,
France. The animals had free access to tap water
and standard food and were treated in accordance
with European Community guidelines concerning
care and use of laboratory animals.

11.2. Methods

11.2.1.  Physicochemical characteristics of
OMWW

The electrical conductivity (EC) and the pH were
directly measured in the sample using a pH meter
211(HANNA instruments, Romania). The OMWW
water content and the total solids (TS) were
determined before and after drying the sample
overnight at 105°C respectively. The volatile solids
(VS) content was gravimetrically deduced after the
incineration of the dry sludge at 550°C for 4 h. The
total suspended solids (TSS) were assessed
gravimetrically after centrifugation of the crude
OMWW at 400rpm for 15 min [12]. Protein
concentration was measured by Bradford method
[13]. The total lipid content determined following
the method of Knight et al. [14]. Total sugar
content was measured following the method of
Dubois et al. [15]. Reducing sugars were
measured by DNS method [16]. Analyses were
performed in triplicate, and the results are given as
mean values.

2.2. Extraction of phenolic compounds from
oMWW

Liquid—liquid extraction with ethyl acetate was
carried out on OMWW [17]. The mixture (solvent-
OMWW) was vigorously shaken for 10 min to
achieve equilibrium and was then allowed to settle
for 30 min. The phases were separated and the

extraction was repeated successively four times. All
the runs were performed at ambient temperature (25
°C). The ethyl acetate was evaporated in a rotary
evaporator at 40°C to obtained dry residue.

2.3. Total phenol content determination

The total phenol content determined by the Folin—
Ciocalteu method [18] with calibration curves for
gallic acid. Absorption was determined data at
wavelength of 750 nm with a spectrophotometer
(UV-1700 Shimadzu, Tokyo, Japan). Data were
expressed as gallic acid equivalents (mg gallic acid
/mL OMWW).

2.4. Glucose tolerance test

Gavages of mice with 1 g of glucose per kilogram
of body weight were performed after a 16-h fast
using a D-glucose solution without (control) or with
OMWW. The total bolus volume for mice was 0.25
ml. results in dose range of 0.5-4 g/kg of body
weight. Preliminary experiments showed that the
OMWWgiven by gavage was found in proximal
small intestine after 5 min with a recovery of 70 %
[19]. Before starting the OGTT, blood samples
were taken from the tail and fasting blood glucose
levels (milligram per deciliter) were determined
(ACCU-CHEK; Roche Diagnostic, Meylan,
France). The bleeds were further taken at 15, 30,
60, and 120 min after oral glucose administration.
These experiments were performed at least with 6
individual animals.

I11. Results and discussion

111.1. Olive mill wastewater characterization
OMWW contain an enormous supply of organic
matter, Main characteristic properties obtained for
these OMWW sample are given in Tablel. Olive
mill wastewater (OMWW) is an acidic effluent with
a high nutrient content. The characteristic brown—
black color of this effluent is chemically related to
polymers of low molecular weight phenolic
compounds and lignin derivatives. The precise
color mainly depends on the age and type of oil
processed and also the type of the technology used.
Fresh OMWW has a strong and characteristic
smell. The wastewater is slightly acidic, having pH
values from 3 to 5. OMWW is generally composed
of water (83-94 %), organic matter (4-16 %) and
mineral salts (0.4-2.5 %) [20. Oils (1-14 %),
polysaccharides (13-53 %), proteins (8-16 %),
organic acids (3-10 %), polyalcohols (3-10 %) and
polyphenols (2—15 %) are listed as its main organic
contents. More than 50 phenolic compounds, many
alcohols, aldehydes and other low molecular weight
compounds have been reported in the literature.
Mineral salts of OMW are mainly carbonates (21
%), phosphates (14 %), potassium (47 %) and
sodium (7 %). Total suspended solid (TSS) is
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principally derived from the olive pulp and contains
mainly cellulose and pectins [21]. Both quality and
quantity of OMWW are highly variable as a result
of several factors such as: type of production
process, type of olives, area under cultivation, use
of pesticides and fertilizers, climatic conditions,
and harvesting time (i.e. stage of olive maturity)
[22]. However arabinose and galactose were found
to be the major neutral sugars in OMWW [23].
Main characteristic properties obtained for
OMWW sample are given in Table 1.

Table 1. Characteristics of olive mill waste water
sample.

Parametrs oMWW

pH 04.80 +0.00

Electrical conductivity (25°C) 09.70 £ 0.06
(ds/m)

Dry matter (%0) 11.85+01.50
Mineral solids (g/L) 11.75+10.03
Volatile solids (g/L) 106.76 + 02.36

Total suspended solids (g/L) 34.30+ 0.25
Mineral suspended solids (g/L)  01.40 +0.10

Volatile suspended solids (g/L)  32.87 +0.15

Lipids (g/L) 01.32+0.08
Total phenols (g/L) 06.27 + 1.67
Total sugars (g/L) 13.50 £2.12
Reducing sugar (g/L) 04.38+0.90

Total proteins (g/L) 01.24 +0.06

111.2. Effect of OMWW on glucose tolerance
tests.

Oral administration of OMWW decrease
glycemia during OGTT carried out in mice
(Figurel.) as compared with control groups. The
area under the curve was significantly (P <0.05).
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Figure 1. OGTT in mice. OGTT (1 g/kg) was
performed in overnight-fasted mice or with a 15 %
D-glucose solution without (control) or with
OMWW (0.5- 4 g/kg).

The present work is the first investigation
dealing with the protective effects of OMWW on
diabetes in insulin deficiency and/or resistance
conditions, the hyperglycemia is a consequence of
the combination of increased endogenous glucose
production, related to the higher rates of
glycogenolysis and gluconeogenesis processes, and
reduced glucose uptake by peripheral tissues. It has
been proposed that the search and/or development
of new compounds that correct these glucose
metabolism disturbances will be important to
highlight new options for diabetes treatment [24,
25]. Crescent attention has been given to the
investigation of the antidiabetic activity of many
plant species all around the world, using different
experimental models and several methodologies.
However, information about the safety of OMWW
is essential, considering that medicinal plants are
easily acquired by the population and that many
toxicological effects may be observed after the use
of herbal preparations. In this way, it is common
the use of mice in the experimental investigation of
the acute toxic effects of plant extracts orally
administered in high doses [26]. Data from this
study showed that the OMWW did not have any
acute toxicity in animals, at every tested dose. In
front of the lack of toxicity, the doses of 0.5 and 4
g/kg were chosen to the evaluation of the
antidiabetic activity of OMWW in mice.
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The present study indicated that OMWW has
antihyperglycemic activity. The antidiabetic effect
of OMWW can be attributed, at least in part to
phenolic compounds (PC). PC can reach levels of
1.5and 10.2 g/L in OMWW [27, 28]. Therefore, it
can be suggested that polyphenols are potential
candidates of natural origin to diabetes treatment
[29]. In the past few years, polyphenolics
substances have received widespread attention
because of their potential for preventing some
highly prevalent chronic diseases. In fact it has been
reported that polyphenols are endowed with
interesting biological activities such as anti-
inflammatory, antioxidant, antiallergic,
hepatoprotective, antithrombotic, antiviral, and
anticarcinogenic  activities [5]. In addition,
OMWW biophenols are efficient components for
the low incidence of cardiovascular diseases in the
Mediterranean area [5]. A hen, olive mill waste is
potentially a rich source of a diverse range of
biophenols with a wide array of biological activities
[30, 5]. The beneficial health effects of OMWW
have been mainly attributed to its elevated phenols
content [6]. Among them, hydroxytyrosol (3,4-
dihydroxyphenylethanol) stands out as a compound
of high added-value, due to its interesting
antioxidant and potential beneficial human health
properties [31]. Hydroxytyrosol is an effective
hypoglycemic and antioxidant agent in alleviating
oxidative stress and free radicals as well as in
enhancing enzymatic defenses in diabetic rats [4].
OMWW is the liquid by-product generated during
olive oil production. Although, olive oil, have been
claimed as being highly efficacious in the treatment
of type 2 diabetes mellitus [34] little is known
about the effect of OMWW. Thus, research efforts
have been directed toward the valorization of olive
by-products for production of various valuable and
actif compounds such as phenolic compounds and
polysaccharides [30]. Further investigations are
ongoing in our laboratory to detail the mechanisms
of action that explains the antidiabetic effect of this
by-product.

1V. Conclusion

This study demonstrated the beneficial effect of
OMWW as an effective hypoglycemic agent. The
use of OMWW may be of prophylactic value in
reducing diabetes mellitus. Future studies will need
to elucidate the active principles as well as
molecular sites of action responsible for
hypoglycemic effect of OMWW.
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