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EVALUATION OF MORINGA OLEIFERA LEAVES EXTRACT
EFFECTS ON STREPTOZOTOCIN-INDUCED DIABETIC RATS
Shereen Nada1, Mahmoud A. A. M. Hashem*1, Mohamed S. Abbas2, Amira Sh. Soliman2 and Fouad A. Ahmed3
1

Regional Center for Food and Feed, Agricultural Research Center, Giza, Egypt
2
Institute of African Research and Studies, Cairo University, Giza, Egypt
3
Faculty of Agriculture, Cairo University, Giza, Egypt

values for liver, pancreas and kidneys of diabetic rats, compared with diabetic control group 2. Result showed that the
hypoglycaemic potential was in the order group 4>group
5>group 6>group7>group 3.

ABSTRACT
The aim of this investigation was to evaluate the effect
of ethanolic and aqueous extracts of MOL on STZ-induced
diabetic rats. A total of 42 male albino rats were divided into
7 groups (group 1, normal control; group 2, diabetic control;
diabetic groups 3, 4 and 5 treated with MOL ethanolic extracts (600, 450 and 300 mg/kg b.wt), and diabetic groups 6
and 7 treated with aqueous extracts (190 and 220 mg/kg b.wt),
respectively. Fasting and postprandial blood glucose levels,
ALT, AST, creatinine, TG, TC, LDL, and HDL were evaluated. Significant reduction (p<0.05) was recorded in the
postprandial glucose level of the diabetic rats (groups 4, 5
and 7), compared with the diabetic control group 2 (244.3,
274.7, 249.3 and 420.0 mg/dL), respectively, expressing
their hypoglycaemic potentials. ALT activity of groups 3,
4, 6 and 7 was significantly decreased, compared with diabetic control group 2 (13.5, 12.1, 13.9, 6.2 and 19.4 U/L),
but also AST activity of groups 3, 4, 5, 6 and 7 was decreased, compared with diabetic control group 2 (6.3, 5.3,
4.3, 7.3, 6.0 and 9.0 U/L). Creatinine levels were significantly
decreased for groups 3, 4, 5, 6 and 7, compared with diabetic
control group 2 (0.65, 0.65, 1.04, 0.81, 0.90 and 1.23 mg/dL),
respectively. TG level was recorded to be significantly decreased in groups 3, 4, 5 and 6, compared with diabetic
control group 2, and recorded to be 242.7, 154.0, 161.0,
164.0 and 271.3 mg/dL, respectively. Significant decrease
of TC level was recorded for groups 3, 4, 5, 6 and 7, compared with diabetic control group 2 (154.3, 145.7, 160.0,
140.0, 167.7 and 259.8 mg/dL), respectively. Significant increases in HDL level were evaluated in groups 3, 4, 5 and 7,
compared with diabetic control group 2, and recorded to be
65.8, 76.7, 59.31, 73.3 and 42.1 mg/dL, respectively.
Groups 3, 4, 5, 6 and 7 recorded significant decreases of
LDL level, compared with diabetic control group 2 (40.0,
38.2, 69.4, 60.4, 43.1 and 163.5 mg/dL). From the histopathological examination of the tissues, liver, pancreas and
kidneys of diabetic rats in group 4 showed improved liver,
kidney tissues, and islets of Langerhans, while group 5
showed slightly improved values for hepatocytes, kidney
tissues with atrophy, and degeneration of islets of Langerhans, when compared with diabetic control group 2. On the
other hand, the groups 3, 6 and 7 did not show improved

KEYWORDS:
Streptozotocin, antidiabetic, Moringa oleifera.

ABBREVIATIONS
Moringa oleifera leaves (MOL), Streptozotocin
(STZ), alanine aminotransferase (ALT), aspartate aminotransferase (AST), creatinine, triglyceride (TG), total
cholesterol (TC), low density lipoprotein (LDL) and high
density lipoprotein (HDL)

1. INTRODUCTION
Diabetes is a complex multi-systemic disorder characterized by a relative or absolute insufficiency of insulin
secretion and disturbances in carbohydrate, protein and
lipid metabolism [1, 2], and it is considered as insidious
disease. Although the prevalence of diabetes is increasing,
diabetes is not homogenously distributed throughout the
population [3]. “Diabetes” means siphon and “mellitus”
stands for sweet. Chronic hyperglycemia during diabetes
causes gyration of body proteins and that, in turn, leads to
secondary complications affecting eyes (retinopathy), kidneys (nephron-pathy), nerves (neuropathy), and arteries (atherosclerotic vascular disease).The International Diabetes
Federation has predicted that the number of individuals
with diabetes will increase from 240 million in 2007 to
380 million in 2025, with 80% of the disease burden in
low and middle-income countries [4]. According to a recent
estimation, the global population is approaching the midst
of diabetes pandemic. Although various oral hypoglycemic
drugs exist alongside insulin, there is still no promising
therapy to cure diabetes. The plant kingdom represents
a rich storehouse of organic compounds, many of which
have been used for medicinal purposes, and could serve as
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house in Veterinary Medicine, Cairo University, Egypt. The
rats were grown in the animal’s house of Regional Center
for Food and Feed, Agriculture Research Center, Giza,
Egypt, kept in wire-bottomed stainless steel cages, and
maintained under standard conditions (12 h light/12 h dark
cycle; 20-25 ºC; R.H. not less than 55%). The rats were acclimatized to laboratory conditions for 7 days before commencement of experiments. During this period, the rats were
allowed free access of water, and American Institute of Nutrition standard reference diet (AIN76) (see Table 1) was
used as basal diet ad libitum, completed with 1% vitamin
mixture and 3.5% mineral mixture [9].

leading substances for the development of novel agents,
having good efficacy in various pathological disorders in
the coming years [5]. Many of the traditional medicinal
plants have been used successfully since ancient times to
treat diabetes and related complications because these
plants have been the major source of drugs for the treatment of Diabetes mellitus in the Indian system of medicine
and other ancient systems in the world, although their biologically active compounds are unknown [6]. Ethnobotanical information indicates that more than 800 plants are
used as traditional remedies for the treatment of diabetes
due to their effectiveness, less side effects, and relatively
low costs [7]. Botanical products can improve glucose metabolism and the overall conditions of individuals with diabetes, not only by hypoglycemic effects but also by improving lipid metabolism, antioxidant status, and capillary
functions [8]. Recently, numerous traditional medicinal
plants were tested for their antidiabetic potential with experimental animals.

TABLE 1 - Standard Recommended Rodent Diet Composition of
AIN 76.
No.
Material
Quantity (g/kg)
1
Sucrose
150
2
Casein
200
3
Corn Starch
500
4
Corn Oil
50
5
Cellulose
50
6
Mineral Mix.
35
7
Vitamin Mix.
10
8
DL-Methionine
3
9
Choline Bitartrate
2
AIN 76; American Institute of Nutrition standard reference diet for
rodents.

2. MATERIALS AND METHODS
2.1 Sample collection

Fresh Moringa oleifera leaves were collected during
February 2014 from the Model Plant Farm of Nubarya,
Egypt. The collected samples were purified, air- and sundried, and their leaves were manually ground in a mortar,
then passed through a 25-mm sieve, and stored at 4-8 °C in
a refrigerator for further analysis.

2.6 Induction of diabetes

Diabetes was induced by single intraperitoneal injection
of streptozotocin (STZ) (65 mg/kg body weight in 0.1 mol/L
citrate buffer, pH 4.5) into rats fasting for 16-18 h [10]. The
STZ-treated rats were kept for the next 24 h in their cages,
and supplemented with 5% glucose solution to prevent initial
drug-induced hypoglycemic mortality [11]. After 96 h of STZ
injection, blood samples were collected by tail snip
method, and the sugar level of each animal was determined. All rats with fasting blood glucose concentration
greater than 240 mg/dL (11.1 mmol/L) were considered to
be hyperglycemic and selected for the experiments [12].
A total of 42 rats were divided into 7 groups of 6 rats
as following:
Group 1: normal control rats that received basal diet of
administration orally.
Group 2: diabetic control rats that received basal diet
of administration orally.
Group 3: diabetic rats that received basal diet, and being treated with 600 mg/kg body weight per day of MOL
ethanolic extract orally.
Group 4: diabetic rats that received basal diet and were
treated with 450 mg/kg body weight per day of MOL ethanolic extract orally.
Group 5: diabetic rats that received basal diet, and
were treated with 300 mg/kg body weight per day of MOL
ethanolic extract orally.
Group 6: diabetic rats that received basal diet, and
were treated with 190 mg/kg body weight per day of MOL
aqueous extract orally.

2.2 Chemicals

Streptozotocin (STZ) and all chemical materials (analytical and HPLC-grade) were obtained from Sigma Chemicals Co., St. Louis, USA.
2.3 Preparation of Moringa oleifera aqueous leaves extracts

To 100 g of powdered Moringa oleifera leaves, 5
00 ml portion of distilled water was added, and the mixture was then boiled in a conical flask for 30 min. After
the set time, the mixture was filtered, and the obtained
extract was called stock solution. The aqueous extract
was kept in air-tight brown bottles in a refrigerator at 4 ºC
until use.
2.4 Preparation of Moringa oleifera ethanolic leaves extracts

Powdered Moringa oleifera leaves (500 g) were soaked
in 2.5 L of 70% ethanol at room temperature, in a conical
flask for 72 h. After the set time, the mixture was then filtered. The process was repeated 3 times, the filtrate was collected, and then evaporated to dryness using rotary evaporator at low temperature. A brownish residue weighing 75 g/kg
of dried leaves powder (7.5%) was obtained. The extract was
kept in air-tight brown bottles in a refrigerator at 4 ºC until use.
2.5 Experimental design

A total of 42 male Albino rats weighing 170±30 g were
used for this study. Animals were obtained from the animal
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2.8 Histological technique preparation of liver, kidney and
pancreas tissues examination

Group 7: diabetic rats that received basal diet and were
treated with 225 mg/kg body weight per day of MOL aqueous extract orally.
At the end of 30 days, 42 male albino rats were fasted
for l2 h, anaesthetized with CO2, and blood samples were
withdrawn from the retro-orbital venous plexus through a
capillary tube into a centrifuge tube; samples were allowed
to coagulate at room temperature, then serum was separated by centrifugation at 3000 rpm for 20 min, collected
into sterilized Eppendorff tubes, and stored at 0 °C until
analysis of AST, ALT, creatinine, triglycerides, total cholesterol, HDL, and LDL.

Animals were killed by cervical decapitation, and their
lung, spleen, heart, liver, kidney and pancreas tissues were
rapidly removed, and washed with ice-cold, 0.9% NaCl
(w/v) to remove the blood; livers were weighed by using a
digital top balance. The liver, kidney and pancreatic tissues
were dissected out of all the experimental animals and immediately washed in ice-cold saline. A portion of the liver, kidney and pancreatic tissue was fixed in 10% formalin fixative solution for histological studies. After fixation, the tissues were embedded in paraffin, solid sections were cut to 5
μm pieces, and the sections were stained with haematoxylin
and eosin. The stained section on the slide was covered with
a thin glass to protect the tissue from being scratched, in order to provide better optical quality for viewing under a
microscope (magnification 250) [20].

2.7 Assays
2.7.1 Determination of serum glucose level

The blood glucose levels were measured using reagent
strips with a glucometer (Accu-Check Active, Roche, Germany) in samples obtained from the tail vein. Animals with
blood glucose levels of 240 mg/dL and more were accepted
as diabetic rats.

2.9 Statistical analysis

The analysis was carried out in triplicates for all determinations, and the results were expressed as means ± SE.
The SPSS program (version 15.0 SPSS Inc., Chicago, IL,
USA) was used for the analysis of variance, followed by
the new Duncan’s multiple range test for multiple comparisons of the means [21], and P<0.05 between mean values
was considered to be statistically significant.

2.7.2 Determination of aspartate amino transferase (AST) and
alanine amino transferase (ALT) as liver markers

AST and ALT were assayed by the transaminase activity proportional to the amount of oxalic acid or sodium pyruvate formed over a definite period of time, and measured
by a reaction with 2,4 dinitrophenylhydrazine (DNPH) under alkaline conditions according to [13, 14]

3. RESULTS

2.7.3 Determination of creatinine

Acute STZ-induced diabetic albino rats were treated
with aqueous and ethanolic extracts of Moringa oleifera
leaves for a period of 30 days. The diabetic studies revealed
non-toxic nature of the Moringa oleifera at a concentration
of 600 mg/kg of body weight/day for this period. There were
some morphological changes like weight losses, more drinking water, and more urine. There was no lethality or any
toxic reaction found at either doses selected till the end of
the treatment period.

Creatinine was assayed based on the reaction of creatinine with sodium picrate according to [15]. Creatinine reacts with alkaline picrate forming a red complex. The time
interval chosen for measurements avoids interferences from
other serum constituents. The intensity of the color formed
is proportional to the creatinine concentration in the sample
according to [13, 14].
2.7.4 Determination of serum triglycerides level

Serum triglyceride level was determined according to
the enzymatic-colorimetric end point method as described
by [16].

3.1 Biochemical parameters

Blood glucose levels of STZ-induced diabetic groups are
shown in Table 2. There was no significant difference among
the induced-STZ treatment groups concerning blood glucose
fasting which means good affection of that dose of induced
STZ (65 mg/kg b.wt), and its components inhibited the destruction of rat pancreatic islet β-cells, when compared
with normal control group 1.
On the other hand, while post-prandial 2-h glucose level
was significantly high in the diabetic control group, the level
of blood glucose was significantly decreased in groups 4, 5
and 7, compared with the diabetic group 2 (244.3, 274.7,
249.3 and 420.0 mg/dL), respectively. There was also a significant difference observed on postprandial 4-h blood glucose levels among the groups 4, 5 and 7, compared with the
diabetic group 2 (278.7, 283.3, 251.0 and 407.3 mg/dL), respectively. The same results were observed on postprandial
6-h blood glucose levels among groups 4

2.7.5 Determination of serum total cholesterol level

Serum total cholesterol level was determined according to the enzymatic-colorimetric end point method as described by [17].
2.7.6 Determination of serum HDL-cholesterol level

Serum HDL-cholesterol level was determined according to the precipitation by using the phosphotungestic acid
method as described by [18].
2.7.7 Determination of serum LDL-cholesterol level

Serum LDL-Cholesterol level was determined according to the precipitation by using the heparin/citrate method
as described by [19].
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TABLE 2 - Effects of Moringa olifera extracts on blood glucose levels of diabetic rats.
Postprandial
4 hrs

2 hrs

6 hrs
Treatment
FBG
Group 1
93.7f
±
1.7
87.7 f
±
2.4
86.0 f
±
1.5
92.7f
±
2.2
Group 2
447.3a
±
1.7
420.0a
±
2.4
407.3a
±
1.5
427.3a
±
2.2
±
1.7
405.7b
±
2.4
341.7c
±
1.5
400.0b
±
2.2
Group 3
436.3b
Group 4
342.7d
±
1.7
244.3e
±
2.4
278.7d
±
1.5
277.3 e
±
2.2
e
d
d
±
1.7
274.7
±
2.4
283.3
±
1.5
311.3d
±
2.2
Group 5
302.0
±
1.7
374.0c
±
2.4
354.3b
±
1.5
385.3c
±
2.2
Group 6
393.0c
±
1.7
249.3e
±
2.4
251.0e
±
1.5
284.7e
±
2.2
Group 7
304.7e
5.23
LSD (0.05)
7.19
4.72
6.63
Each value was obtained by calculating the average of 3 experiments ±S.E., and the superscript letters indicated statistically significant
differences, with P <0.05.

TABLE 3 - Effect of Moringa oleifera leaves extract on ALT, AST and creatinine of diabetic rats.
Treatment
ALT (U/L) *
AST (U/L) *
Creatinine (mg/dL) *
Group 1
7.4d
±
2.1
3.7d
±
0.9
0.43e
±
0.1
Group 2
19.4 a
±
2.1
9.0 a
±
0.9
1.23 a
±
0.1
Group 3
13.5c
±
2.1
6.3bc
±
0.9
0.65d
±
0.1
Group 4
12.1c
±
2.1
5.3c
±
0.9
0.65d
±
0.1
Group 5
17.7ab
±
2.1
4.3d
±
0.9
1.04b
±
0.1
Group 6
13.9c
±
2.1
7.3b
±
0.9
0.81cd
±
0.1
Group 7
6.2d
±
2.1
6.0bc
±
0.9
0.90bc
±
0.1
6.25
2.69
0.22
LSD (0.05)
Each value was obtained by calculating the average of 3 experiments ±S.E. The superscript letters indicated statistically
significant differences, with P <0.05. *Normal values: ALT (3-36 U/L); AST (0-35 U/L); Creatinine (0.7-1.4 mg/dL).

TABLE 4 - Effect of Moringa oleifera leaves extract on triglycerides, total cholesterol, HDL, and LDL of diabetic rats.
Triglycerides*
Total Cholesterol*
HDL*
LDL*
Treatment
(mg/dL)
(mg/dL)
(mg/dL)
(mg/dL)
Group 1
97.3 d
±
1.4
226.7b
±
1.8
90.4a
±
1.1
115.8b
±
2.0
Group 2
271.3a
±
1.4
259.8 a
±
1.8
42.1e
±
1.1
163.5a
±
2.0
Group 3
242.7b
±
1.4
154.3d
±
1.8
65.8c
±
1.1
40.0d
±
2.0
Group 4
154.0c
±
1.4
145.7e
±
1.8
76.7b
±
1.1
38.2d
±
2.0
Group 5
161.2c
±
1.4
160.9cd
±
1.8
59.31d
±
1.1
69.4c
±
2.0
Group 6
164.7c
±
1.4
140.5e
±
1.8
47.2e
±
1.1
60.4c
±
2.0
Group 7
256.3ab
±
1.4
167.7c
±
1.8
73.3b
±
1.1
43.1d
±
2.0
LSD (0.05)
4.37
5.37
3.25
6.20
Each value was obtained by calculating the average of 3 experiments ±S.E. The superscript letters indicated statistically significant differences, with P
<0.05. *Normal values: triglycerides (<195 mg/dL); total cholesterol (<200 mg/dL); HDL (<40 mg/dL); LDL (<77.3 mg/dL).

increase in ALT activity in a similar result with diabetic
control group 2 (17.7and 19.4U/L), respectively. Also, a
significant decrease of AST activity was observed for
groups 3, 4, 5, 6 and 7, compared with diabetic group 2
(6.3, 5.3, 4.3, 7.3, 6.0 and 9.0 U/L), respectively. On the
other hand, there were no significantly differences of AST
activity for groups 5 and 1 (4.3 and 3.7 U/L), respectively.

and 7, compared with diabetic group 2 (277.3, 284.7 and
427.3 mg/dL), respectively.
3.2 Effect of Moringa oleifera leaves extract on ALT, AST and
creatinine of diabetic rats.

Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activities on STZ-induced diabetic
groups are shown in Table 3. Groups 3, 4, 6 and 7 showed
a significant decrease, compared with diabetic group 2
(13.5, 12.1, 13.9, 6.2 and 19.4 U/L), respectively. On the
other hand, group 7 showed a significant decrease in ALT
activity, in a similar result with control group 1 (6.2 and
7.4 U/L), respectively, while group 5 showed a significant

For creatinine levels, a significant decrease was recorded for groups 3, 4, 5, 6 and 7, compared with diabetic
group 2 (0.65, 0.65, 1.04, 0.81, 0.90 and 1.23 mg/dL), respectively, a nearly similar result with control group 1
(0.43 mg/dL).
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A

B

C

D

F

E

G
FIGURE 1 - (A): Liver of rat from group 1 showing the normal histological structure of hepatic lobule; (B): group 2 (diabetic group) showing
hepatic tissue of rat with degenerative changes of hepatocytes and granulation of the cytoplasm, showing granulation and minute vacuolation
of the cytoplasm with proliferation of Van Kupffer phagocytic cells (H &E, x100); (C): group 3 showing Kupffer cells activation and granularity
of the cytoplasm of hepatocytes; (D): group 4 showing degenerative changes of the hepatic cells and activation of Van Kupffer cells, vein dilation
of the portal area with proliferation of newly formed bile ducts and different forms of macrobiotic changes of hepatocytes; (E): group 5 showing
vacuolizations of the cytoplasm of hepatocytes; (F): group 6 showing focal area of hemorrhages, necrosis of hepatic tissues and necro-biotic
changes of hepatic cells; (G): group 7 showing necro-biotic changes of hepatocytes, proliferation of newly formed bile canaliculi at the portal
area, and different forms of necro-biotic changes of hepatocytes (H & E, x400).
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a

b

c

d

e

f

g
FIGURE 2 - The histological presentation of kidney structures: (A) The histological picture of control group 1, showing structure of renal
tissues as control; (B) renal tissue of group 2, showing degenerative changes of renal glomeruli and degenerative changes of epithelial cells of
renal tubules (H &E, x100); (C) renal tissue of group 4, showing advanced degeneration of renal tubules, damage of most bowman capsules,
and atrophy and disintegration of the glomerular tuft (H&E, x200); (D) renal tissue of group 5, showing degeneration of epithelial cells of renal
tubules, infiltration of hyaline material in their lumen, and disintegration and atrophy of the glomerular tuft (H&E, x100); (E) renal tissue of
group 5, showing degeneration of epithelial cells of renal tubules, diffused hyaline material in their lumen, and also hyaline degeneration in
most of glomerular tuft of bowman capsules (H&E, x100); (F) renal tissue of rat group 6, showing advanced degeneration of epithelial cells of
renal tubules and diffused hyaline cast in their lumen as well as degeneration and necrosis of the endothelial cells of glomerular tuft ( H&E,
x100); (G) renal tissue of rat group 7, showing advanced degeneration of epithelial cells of renal tubules and diffused hyaline cast in their lumen
as well as degeneration, atrophy and collapse of the endothelial cells of the glomerular tuft ( H&E, x100).
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A

B

D

C

E

F

G

H

FIGURE 3 - The histological characterization of pancreas structures: (A) Tissue pancreas section of group 1, showing marked degeneration
and atrophy islets of Langerhans, (H &E, x100); (B) pancreas tissue section of group 2, showing marked degeneration and atrophy islets of
Langerhans, (H &E, x100); (C) tissue section of pancreas of group 4 showing very few foci of islets of Langerhans, and the cells showing
degenerative changes. H&E. x100); (D) High magnification of tissue section of pancreas of group 4, showing increased activation of the exocrine
acini portions, with pyknotic nuclei of secretory cells.( H &E, x200); (E) tissue section of pancreas of group 5, showing degenerative changes of
islets of Langerhans cells (H&E. x100); (F) tissue section of pancreas of group 6, showing degeneration and atrophy of islets of Langerhans
cells (H&E, x100); (G) tissue section of pancreas of group 7, showing absence and atrophy of islets of Langerhans cells (H&E, x40); (H) high
magnification of tissue of pancreas section of group 7, showing increased activation of the exocrine acini portions (H&E, x100).
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3.3 Effects of Moringa oleifera leaves extracts on triglyceride,
total cholesterol, HDL, and LDL levels of diabetic rats

especially rats and mice [22], and it is a broad-spectrum
antibiotic, glucosamine-nitrosourea compound extracted
from Streptomyces acromogenes [23]. It is toxic to the insulin-producing ß-cells of the pancreas in mammals. STZ
induces severe and irreversible hyperglycemia in experimental animals [24]; so, it used as an animal model of diabetes. Rats with STZ-induced diabetes have reduced body
weight, hyperglycemia, and hyper-insulinemia because of
damaged insulin-secreting cells in pancreatic islets [25].
STZ stimulate insulin secretion from pancreatic ß cells
by inhibiting ATP-sensitive potassium channels in the pancreatic ß cell membrane [23], and the blood glucose level
increases in diabetic rats [26].
In this study, the ethanolic extract of Moringa oleifera
leaves showed a significant decrease in blood glucose level
of diabetic rats by STZ induction, in agreement with the
reports of a Moringa olifera leaves extract which has been
shown to be effective in lowering blood sugar levels within
3 h of ingestion, though less effectively than the standard
hypoglycemic drug glibenclamide [27].
The antidiabetic effect of the MOL extract was further
concluded by the histopathological examinations. The results showed significantly increased and improved liver tissues, compared with diabetic control group; however, the
treatment with the used extract caused a slight toxicity in
hepatocytes, kidneys and pancreatic tissues, and also the
presence of islets of Langerhans may be similar to the control group. The MOL extracts at different dose levels offer
hepato-protection, and especially group 4 was more effective than all other groups, and this may be due to its antidiabetic effect producing good defense mechanisms to prevent the formation of these tissues.
In the present study, the injection of STZ induces hepatocellular damage, which is one of the characteristic changes
in diabetes, as evidenced by high serum levels of AST and
ALT in the untreated diabetic control group. The release of
these enzymes into the serum is a result of tissue injury or
changes in the permeability of liver membranes; hence, the
concentration may increase with acute damage to liver cells
[28]. When the integrity of the hepatocellular membrane is
compromised, extrusion of the marker enzymes into the
plasma is observed [29]. Therefore, the significant elevation (P<0.05) in the levels of the marker enzyme in the serum, as observed in the diabetic untreated control group,
when compared to the normal control, suggests possible
damage to the liver or muscle. However, the extract-treated
groups showed a significant reduction in the levels of these
enzymes, when compared to the diabetic untreated control;
thus, an indication of the protective effects of the extracts
on STZ-induced liver damage accords with the reports of
other investigators [30]. The levels of the marker enzymes,
particularly in the ethanolic extract-treated group, were
lower than that of the aqueous extract-treated group, suggesting a strong hepato-protective ability of the ethanolic
extracts. These levels are, however, markedly reduced
in the extract-treated groups, suggesting the enhancement
of liver functions by the extracts. These findings are in ac-

Triglyceride level was evaluated, and there was no significant decrease for groups 3, 4, 5 and 6, compared with
diabetic group 2 (242.7, 154.0, 161.2, 164.7 and 271.3 mg/
dL), respectively. On the other hand, there were no significant differences for groups 3 and 7, compared with diabetic
group 2 (242.7, 256.3 and 271.3 mg/dL), respectively. Despite the presence of a significant decrease in the results of
groups 4, 5, and 6, there were no significant differences between them (154.0, 161.2 and 164.7 mg/dL).
For the total cholesterol level, a significant decrease
was recorded for groups 3, 4, 5, 6 and 7, compared with
diabetic control group 2 (154.3, 145.7, 160.9, 140.5, 167.7
and 259.8 mg/dL), respectively. There was a significant decrease in the results of groups 3 and 5, but there were no
significant differences between them.
A significant increase of HDL level was evaluated for
groups 3, 4, 5 and 7, compared with control group 2 (65.8,
76.7, 59.3, 47.2, 73.3 and 42.1 mg/dL), respectively. On
the other hand, there were no significant differences for
groups 4 and 7, but there was a significant decrease of HDL
level, compared with the control group 1 (76.7, 73.3 and
90.4 mg/dL), respectively. Group 6 recorded a significant
decrease of HDL level, similar to diabetic control group 2
(47.2 and 42.1 mg/dL), respectively.
A significant decrease of LDL level was recorded for
groups 3, 4, 5, 6 and 7, compared with control group 2
(40.0, 38.2, 69.4, 60.4, 43.1 and 163.5 mg/dL), respectively. On the other hand, there were no significant differences between groups 5 and 6 as well as groups 3, 4 and 7,
which showed similar results.
3.4 Histological examination

From the histopathological examination of liver, pancreas and kidney tissues of STZ-induced diabetic rats between the differently treated groups 3, 4, 5, 6 and 7, compared to both control negative and positive groups, it was
concluded that group 4 showed a significantly increased and
improved liver tissue, compared with the diabetic control group; however, the treatment with the extract caused
slight toxicity in hepatocyte kidney and pancreatic tissues.
Also, the presence of islets of Langerhans may be similar to
group 1, while group 5 showed slightly improved hepatocytes, kidney tissues with atrophy, and degeneration of
islets of Langerhans, when compared with diabetic control
group 2.
On the other hand, the groups 3, 6 and 7 did not show
any significant improvement concerning livers, pancreas
and kidneys of diabetic rats, compared with diabetic control
group 2.
4. DISCUSSION
STZ has been widely used intravenously or intraperitoneally to induce type I diabetes in animal models,
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oleifera leaves might be useful against pancreatic damage
effects.

cordance with similar results on these biochemical parameters [31-33]. There was no significant increase (P>0.05)
in the serum activities of the marker enzymes (ALT and
AST) in non-diabetic treated rats, thus suggesting little or
low levels of toxicity of the extracts. Reports have shown
that the reduction in pancreatic β-cells can be as high as
50% during diabetes [34-36]. The present study revealed
the presence of a damaged β-cell population, due to STZ
induction. The histopathological study of diabetes-treated
groups indicates increase in the volume density of islets,
percentage of β cells, and size of islets in the groups that
received the plant extracts, which may be a sign of regeneration along with β-cells repairs.
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Administration of the extract to non-diabetic rats
showed distorted pancreatic architecture, mononuclear cellular infiltration and sinusoidal spaces, suggesting that the
extracts at the concentration used are relatively toxic to the
pancreas of non-diabetic rats. MOL extracts regenerated βcells as reported by [37, 38]. These reports were consistent
with the present study; thus islet cell replacement or regeneration therapy may offer a therapeutic benefit to people
with diabetes [37, 38].
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of provenance [1-3]. During processing, the starches are
subjected to high heating and shearing, which also affects
their rheological behavior and final product characteristics
[4]. In particular, native starches are good stabilizers in
food texture and regulatory systems, but limitations, such
as shear strength, thermal decomposition, lack of clarity,
opacity and low viscosity, limit their use in some industrial
applications. In addition, the retrogradation or precipitation
may occur in storage or during processing (extrusion),
which raises additional problems [5, 6].
Retrogradation is the insolubilization and spontaneous
precipitation of amylose, primarily because their linear
chains are oriented parallel and react together by hydrogen
bonds through its multiple hydroxyl groups; this can be effected by various routes depending on the concentration
and temperature of the system, but each has a different
trend for starch retrogradation [7]. However, retrograded
starch gels change their properties, such as a lower susceptibility to enzymatic degradation and acid hydrolysis [811]. Modifying these through physical and chemical
changes, helps to improve their functional features and can
be used for specific food applications. Based on these
changes, there have been many analytical methods developed to monitor the grade of starch retrogradation. These
techniques include: enzymatic degradation, turbidimetric
assays, differential scanning calorimetry (DSC), X-ray diffraction, nuclear magnetic resonance pulsed, near infrared
spectroscopy, liquid chromatography, size exclusion high
performance and atomic force microscopy [12-20]. In the
above methods, the DSC has proven to be seful and sensitive to quantify the crystallinity of native and retrograded
starches, although any single method cannot give a complete picture of the properties of retrogradation, to macroscopic and molecular levels [13, 21, 22].
The differential thermal analysis (DTA), similar to the
DSC, is a thermo-analytical technique that has been used to
study the stability and crystalline properties of native and
modified starches because of its simplicity and effectiveness

ABSTRACT
The thermogravimetric analysis (TGA) and differential thermic (DTA) were used as analytical methods for
studying properties of retrogradation of starches from corn,
wheat and potato obtained in the laboratory, when subjected to an extrusion process. The area between 30 and
590 ° C was analized by TGA of the thermal curve, showing an average weight loss nearly 10% in most samples.
The range in which the greatest weight loss occurred was
between 250 and 350 °C, where almost all samples had a
loss between 55 and 70% by weight, and the area where the
starch is converted into ashes. DTA, as an additional test,
is indicating the characteristic peaks and the presence of
endothermic and exothermic reactions with decomposition
or formation of new compounds at the same temperature
that occurs at greater weight loss. As expected, all samples
showed peaks in the region between 250 and 350 °C, which
was where the greatest loss of weight starches was observed as well as the appearance of secondary peaks in all
the extruded samples, probably indicating that this process
also alters the chemical structure of the starches.

KEYWORDS:
Thermogravimetric analysis, differential thermic analysis, starches

1. INTRODUCTION
Among the polymers, currently the starch has increased our attention because of its usefulness in various
food products as it contributes greatly to the texture properties, in addition to thickening, colloidal stabilizer, gelling
agent, bulking agent and water retention. However, their
physicochemical properties, functional characteristics and
peculiarity of use vary according to the biological source
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of the information provided by the thermogram [23]. In
DTA, starch samples under study and an inert reference
(Al2O3) are subjected to identical thermal cycling, and any
difference of temperature between sample and reference is
recorded. The results (thermogram) are plotted against either the temperature or the time as a DTA curve, which
provides data on the physical and chemical transformations, such as crystallization, melting, and sublimation
[24]. Meanwhile, the TGA has been widely employed to
assess stability of the starch and when mixed with another
component, similarly to simplicity and efficiency of the information from thermograms. Mainly based on the different thermal resistance of the two main components of
starch, TGA techniques have been developed to estimate
the content of amylose and amylopectin in starch [25].
Therefore, it is considered that these thermal methods can
give important information on the behaviour of starch during retrogradation when this is subjected to extrusion cooking at various temperatures from different biological
sources [26].

The conditions employed were 25% moisture, extrusion speed
25 rpm, and extrusion temperatures of 80, 90 and 100 °C, respectively. Modified starches were compared with starch that
was not subjected to the extrusion process (00).
2.4 Total ash

The ash content was determined by the method of
AOAC 14.006 [27].
2.5 Thermogravimetric analysis (TGA)

Thermogravimetric analysis was performed with a
TGA 50 Shimadzu brand. The operation was carried out
from 0 to 600 °C at a heating rate of 20 °C/min under nitrogen. A sample of 6 mg of starch was used for testing.
2.6 Differential thermal analysis (DTA)

Thermal stability tests of the starches were performed
on a Differential Thermal Analyzer DTA 50, Shimadzu,
with a program of 20 °C/min from 0 to 600 °C under nitrogen. A sample of 6 mg starch was used for testing.

2. MATERIALS AND METHODS

3. RESULTS AND DISCUSSION

2.1 Getting of corn (M) and wheat (T) starches
3.1 Determination of minerals in starches

The wheat or corn kernels were immersed in water in a
ratio of 1: 2 (w/v) and after being placed in an oven at 45 °C
for 24 h to achieve swelling of the grain, they were broken
in a ball mill and water was added to remove the rest of the
grain seeds by flotation. The kernels were ground in a hammer mill and washed with hot water to solubilize the starch.
The husk is separated by a 60-mesh sieve, and the slurry
was recovered and placed in a refrigerator at 5 °C for 48 h
to settle down, and later, the starch was recovered by decantation, and dried in an oven at 45 °C for 48 h. Finally,
the dust was recovered and packaged in plastic containers
for later modification and characterization.

In Table 1 it can be seen that wheat starch T 90 had the
highest content of minerals with 0.25%, followed by T 80,
T 00 and T 100 with 0.24%, 0.14% and 0.08%, respectively, not presenting significant differences between samples. However, corn starch was that resulting with a higher
mineral content, as it was the most difficult to purify; this
influenced the presence of inorganic matter in the starch by
residuals which increased the mineral content in the same
way. Higher mineral content in corn starch M 90 (0.68%)
may be caused by moisture loss at this extrusion temperature, resulting in a more compact starch, which was reflected in the percentage of final ash. The extrusion treatments for corn starches were statistically equal. In potato
starches, unlike the two previous cases, the extruded starch
at 80 °C (P 80) was the one who had higher mineral content
with 0.53%, followed by potato starches P 90, P 00 and P
100 with 0.27, 0.26 and 0.23%, respectively; this might be
because the potato starch is high in phosphorus, which affects behavior during extrusion and allowed a lower temperature; changes occur that affect moisture loss and, therefore, increase the content of inorganic matter, and this process is statistically different from the other treatments.

2.2 Preparation of potato (P) starch

Potatoes were weighed and cut into cubes to 1 cm3; then,
they were passed through a juicer; juice and bagasse were
recovered separately; bagasse was subjected to 3 washes
with water heated to 35-40 °C to solubilize the starch. The
starch slurry was filtered on a 60-mesh sieve and allowed
to stand for 48 h at 5 °C for sedimentation of starch; then,
the water was removed by decantation. The starch was introduced for 24 h in the refrigerator, for increased water
loss. The starch obtained was placed in extended foil and
in an oven at 45 °C for 48 h to remove moisture, and finally
packaged in plastic containers to be later characterized and
modified.

3.2 Thermogravimetric analysis (TGA)
3.2.1 Thermogravimetric analysis of native starches

The thermogravimetric analysis of these native starches
showed a high weight loss because most of the samples were
consumed by high temperature. The total weight loss of these
starches was as follows: 100% for wheat starch (T 00),
98.98% for potato (P 00) and 97.49% for corn (M 00). In the
region between 250 and 350 °C, the weight loss was

2.3 Preparation of the extruded samples

Starch samples were processed using a laboratory extruder of single screw with following characteristics: temperature sensor, two heating zones, L/D 20:1, compression
ratio 3:1, nozzle of 3.5 mm in diameter and 20 mm long.
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65.88% in wheat, 65.51% for potato starch and 63.18% for
maize (Fig. 1). This matched the amount of minerals determined in the physico-chemical characterization of starches,
where cornstarch is that having a higher content of these
ingredients, followed by potato and wheat at last. Also, on
average, the amylose content was higher in corn starch

(28%) while amylopectin was approx. 72%; however,
wheat starch showed higher amylose content (26% on average) than potato starch (20% on average), although the
presence of phosphate groups can affect this relationship;
therefore, this could cause that the weight loss was less
than in wheat starch.

TABLE 1 - Determination of minerals in starches.
Extrusion Temperature (°C)

% Minerals
Wheat (T)
0
0.140b
80
0.240b
90
0.250b
100
0.180b
α = 0.01; Tukey = 0.3278; Table values q (0.01) = 5.26

Corn (M)
0.310b
0.396ab
0.683a
0.483ab

Potato (P)
0.263b
0.530a
0.273b
0.230b

FIGURE 1 - Thermogravimetric analysis of unmodified starches extracted in the laboratory.

FIGURE 2 - Thermogravimetric analysis of extruded wheat starch compared with a control.
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FIGURE 3 - Thermogravimetric analysis of extruded corn starch compared with a control.

FIGURE 4 - Thermogravimetric analysis of extruded potato starch compared with a control.

3.2.2 Thermogravimetric analysis of extruded wheat starches

3.2.3 Thermogravimetric analysis of extruded corn starches

In samples of extruded wheat starches, a very high percentage of loss in weight was observed, which was 100%
in native (T 00) and that extruded at 90 and 100 °C (T 90
and T 100), but the extruded starch at 80 °C only lost
98.75% by weight (T 80). The loss in weight in the region
of interest (250-350) was also lower in the extruded starch
at 80 °C (61.76% weight loss compared to 65.88% in the
native, in the extruded to 90°C, 69.32% and 69.08%, in extruded starch at 100 °C (Fig. 2). However, in the sample
extruded at 80 °C a greater drop can be seen because the
greater amount of this starch was used in the analysis.

In the TGA of cornstarch, the smallest porcentage of
weight loss was observed in most cases, and this also coincided with that these starches contained greater amounts of
minerals. Only in the case of cornstarch extruded at 80 °C,
a 100% loss was observed, contrary to what was observed
in extruded wheat starch at the same temperature where the
least loss occurred. The % loss in weight in the region of
30 to 590 °C for the extruded corn was 100% at 80 °C
(M 80), 98.45% at 90 °C (M 90), and 96.89% at 100 °C
(M 100). The loss in the area of interest (250-350 °C) was
74.91% in M 80, 66.37% in M 90, and 67.88% in 100 M
(Fig. 3). The M 80 was also the starch which had the highest fall in this area.
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3.2.4 Thermogravimetric analysis of extruded potato starches

3.3 Differential thermal analysis (DTA)

As in the TGA of starch-extruded wheat, it was in potato starches modified by this same method where a greater
loss of % by weight occurred, as in the three samples, and
the total weight was lost (100%); there was a lost of 70%
by weight in the region between 250 and 350 °C (Fig. 4).
This also agreed with that fact that the extruded samples
showed a lower percentage of minerals.

3.3.1 Differential thermal analysis of native starches

In the three samples of native starches appeared a single peak in the area within 250 to 350, which generally coincides with the maximum fall in TGA; this was expected
because this test is complementary to the other. The three
reactions were of endothermic type, suggesting what happened within a formation reaction. In wheat starch, the
highest peak occurred somewhat earlier than in the others
(302 ºC), then, it went in the corn starch to 325 °C, and
ended in potato starch at 332 °C, although there was an initial drop to 295 °C approx., which is then stabilized and
generated the end peak (Fig. 5).

FIGURE 5 - Differential thermal analysis of starch extracted in the laboratory without changing.

FIGURE 6 - Differential thermal analysis of extruded wheat starch compared with a control.
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T e m p e r a t u r e °C

FIGURE 7 - Differential thermal analysis of extruded corn starches compared with a control.

T e m p e r a t u r e °C

FIGURE 8 - Differential thermal analysis of extruded potato starch compared with a control.

3.3.2 Differential thermal analysis of extruded wheat starches

The DTA of extruded wheat starch shown in the three
samples with the higher peak coinciding at almost the same
site (308 ºC in T 80 and T 90 as well as 307 ºC in T 100);
it also coincided with the zone of maximum loss in weight
in the TGA of samples. All peaks were downwards. Endothermic reactions in the samples occurred. In this case, the
starches were transformed into ashes. One second endothermic peak was curiously observed in extruded wheat
starch at 80 °C, which indicated a new reaction (Fig. 6).
3.3.3 Differential thermal analysis of extruded corn starch

In DTA analysis, endothermic peaks were observed,
on the basis of the 250-350 region, which showed no more

than the calcination of starch; the peaks were as follows: in
M 80 to 319 ºC (exothermic) which indicated a decomposition, in M 90 to 308 ºC (endothermic) and in M 100 one
to 308 °C, and the other at 310 °C, both of endothermic
type and one more to 335 °C of exothermic nature (Fig. 7).
3.3.4 Differential thermal analysis of extruded potato starches

These potato starches behave in a similar manner to the
others extruded, with peaks only in the region of 250-350 °C,
although extruded starches within 90-100 °C presented,
equal to M 100, a second exothermic peak in the same region. These peaks indicate reactions that occurred when the
starch is fully calcined and turned to ashes. The peaks appeared in P 80 to 312 ºC (endothermic), in P 90 at 312 ºC,
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and a second one occurred at 319 ºC (exothermic); the
same thing happened in P 100 where the initial peak appeared at the same temperature, and one of exothermic
character at 329 ºC (Fig. 8).
4. CONCLUSIONS
The transition temperature to ashes of most samples
was at 302 ° C as indicated by DTA analysis; so, the
starches obtained in the present work are stable at high temperatures, thereby allowing their use in industrial processes
that require heating; however, the presence of contaminants or other nutrients can affect weight loss as shown in
TGA tests, allowing to retain water in its matrix by effects
of the type of starch or present compounds that enable to
bind strongly to other nutrients as proteins.

[8]
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ABSTRACT
Apricots are marketed dried or fresh. In the world market, most fresh fruits are fumigated with sulfur prior to drying to maintain dried apricot quality and color. There is a
growing debate on sulphur residues due to possible health
impacts. This study aims to determine the effect of sulfur
dioxide (SO2) concentration on quality and nutritional
properties of ‘Kabaaşı’ dried apricot fruits. For this purpose, apricot fruits were treated at 3 different concentrations of SO2 (1250, 2000, and 3600 mg/kg), and then stored
at 20 °C and 50–65% relative humidity conditions for 18
months. Fruit SO2 concentration decreased rapidly at initial
stage, and later the rate slowed down. Reduction rate was
higher in apricot fruits possessing high initial SO2 levels.
Fruit color darkening became more pronounced after 12
months, especially in fruits treated at lower SO2 levels
(1250 and 2000 mg/kg SO2). After 18 months of storage,
on dry weight basis, total phenolic content (9107–9498 mg
gallic acid equivalents/kg), antioxidant activity (12.4-15.2
µmol trolox equivalents/g), and β-carotene levels (42.6–
68.1 mg/kg) of all treatments varied only slightly, despite
overall lower values. Initial fruit SO2 levels must be chosen, based on the expected storage conditions and length of
the storage period.
KEYWORDS: Dried fruit, color, antioxidant capacity, phenolics, βcarotene, shelf life.

1. INTRODUCTION
Apricot fruits can be grown under various conditions,
a wide range of climate, and may be consumed as fresh,
dried or processed ones. Because of the short storage and
shelf-life characteristics of perishable fresh apricots, dried
or processed forms of apricots are more subject to worldwide trading throughout the year. Turkey is the leader in
apricot production with 795,000 t, provides approximately
20% of the total world production [1], and supplied more
than 80% of the total dried apricots in the world markets [2].

Drying is a preservation method known from time immemorial. Prior to or during drying or at storage, fruit color
darkens either as a consequence of enzymatic or non-enzymatic reactions. In dried apricots, color darkening occurs
mainly because of non-enzymatic Maillard reaction. Various factors, such as temperature, moisture content, and pH
as well as exposure to and concentration of SO2, play a major role in darkening. To prevent color darkening during
drying or storage, apricot fruits are treated with SO2 before
drying as a general practice, except in organic certified and
untreated natural apricots [3]. The current practices of sundrying apricots vary from a very simple and direct exposure to heat under sun without any pre-treatment to a largescale sulphur fumigation operation, as whole fruit (pitted
or with pits) or halved. SO2 treatment slows down mold
and yeast growth, and prevents insect damage as well, and
thus, allows longer storage and marketing periods [4, 5].
SO2 affects the nutritional value by preserving compounds,
such as ascorbic acid, β-carotene, and other antioxidants
[6]. To obtain these positive effects, apricots are generally
sulphur-treated at 1000–4000 ppm SO2 concentration,
prior to drying based upon the demanded specifications.
SO2 fumigation is an easy and low-cost practice; however, if recommended procedures are not followed, there
could be residue problems. Many factors affect the absorption and retention of SO2 by fresh apricots, including variety, maturity, form of apricot (whole, pitted, or cut) [2],
SO2 concentration, and the exposure period during sulphuring operations [7, 8].
If stored or under shelf-life conditions during marketing,
SO2 is lost in the gaseous form, and only 15-30 % is left as
bound in the fruit tissues [9]. Increases in the ambient temperature or the extension of time enhances SO2 loss rate [3,
10]. SO2 loss is partially due to oxidation to sulphate, but
other sulphur-containing compounds may also be formed
[11]. Even if the durability of the fruit is elevated by drying
due to lower water activity levels, the conditions to which
dried apricots are exposed are highly effective on their final
market quality [3, 12]. Because of health concerns surrounding sulphur, SO2 concentration in food has been revisited globally since decades [13, 14]. Today, different
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countries have set different maximum levels for sulphite in
food. The Australian and U.S. governments limit the amount
of sulphites in food to 3000 ppm, while others as the European Union and Turkey, have 2000 ppm, and Codex Alimentarius Commission on Food Additives has set up this
limit at 1000 mg/kg for dried fruits, except some e.g. dried
apricots (2000 mg/kg) [15]. SO2 content has been discussed
by all the stakes of dried fruit trade [16], and the discussions today, target at establishing scientifically based maximum limits [17].
Studies on how SO2 effects quality of dried apricots
during storage and shelf-life are quite limited, and scientific data are either not available or are variety-specific;
thus, scientific background is weak in discussions. This
study was designed to assess the changes in color, β-carotene levels, antioxidant activity, total phenolic compounds,
and other major quality parameters that occur during storage of dried ‘Kabaaşı’ apricot variety treated with different
SO2 concentrations, and contribute to the current discussions.

Meter (CR-300, Minolta Co., Osaka, Japan) [19]. Color
values were determined as L*, a*, and b* values representing a light-dark spectrum with a range of 0 (black) to 100
(white), the green-red spectrum with a range of −60 (green)
to +60 (red), and the blue-yellow spectrum with a range of
−60 (blue) to +60 (yellow) dimensions. C* (chroma)
changes from 0 (dull) to 60 (vivid) and h° (hue angle) is
expressed in degrees: 0° (red), 90° (yellow), 180° (green),
and 270° (blue), and were calculated by using the following equation:
C*= (a*2+b*2)1/2

h°= arc tan (b*/a*)

2.4 Moisture content and water activity

Moisture content (%) was measured by calculating the
weight loss that occurred after drying at 65 °C (UM400;
Memmert, Schwabach, Germany) up to a constant weight
[20]. Water activity was measured at 25 °C on ground samples in small containers by using a water activity-meter
(TH 500; Novasina, Pfaffikon, Switzerland).
2.5 Total soluble solids (TSS) and titratable acidity (TA) content

2. MATERIALS AND METHODS
2.1 Material

‘Kabaaşı’ is a Turkish apricot variety grown in Malatya, the major region for commercial drying in Turkey, and
its acreage is increasing during the last few years. Its fruits
are larger than ‘Hacıhaliloğlu’, the traditional cultivar that
is commercially dried. The average fruit weighs 30-40 g,
and the total soluble solids content ranges between 24 and
26 % [2]. For the experiment, apricot fruits were harvested
at their fully mature stage, and defective and unripe fruits
were removed. Ripe and intact fruits were de-stoned and
spread on drying trays. Trays were then placed in a gas-tight
chamber, and fruits were exposed to SO2 by burning sulphur,
following the traditional procedure in the region at three different concentrations. The concentrations were foreseen as
to obtain low (~1250 mg/kg), medium (~2000 mg/kg), and
high (~3600 mg/kg) SO2 levels in dried fruits. After completion of drying, SO2 concentrations in dried ‘Kabaaşı’ (KA)
fruits were determined as 1245, 2047 and 3624 mg/kg, respective to the treatment doses. Dried apricots were stored at
20 ±1 °C and 55–65% relative humidity (RH) conditions for
18 months. Quality and nutritional property were analyzed
on fruits sampled at 3-months intervals to determine
changes during storage. A completely randomized experimental design was conducted as 4 replications with 1000 g
dried apricot fruits per replicate.

TSS was determined with a digital refractometer (ATC1, Atago, Tokyo, Japan) and expressed as g/100 g of dry
weight (dw). TA was determined by titration with 0.1 N
NaOH up to pH 8.1 and expressed as g citric acid/100 g of dw.
2.6 Total phenolic content and antioxidant activity

SO2 was determined in homogenized samples as duplicates by a modified Monier Williams distillation method
[18], and the results are expressed as mg/kg.

A methanol extract of samples (3 g sample + 25 ml
methanol) was homogenized (Silent Crusher M; Heidolph
Co., Kelheim, Germany) according to a modified method
of Swain and Hillis [21]. Total phenolic content was found
according to Singleton and Rossi [22] in which an aliquot
of slurry, Folin-Ciocalteu’s reagent, and water (1:1:20, v/v)
were mixed with 7% sodium carbonate, and then incubated
for 8 min. After 2 h, the absorbance was measured by an
automated ultraviolet-visible spectrophotometer at 750 nm
using gallic acid as a standard. The results were expressed
as mg gallic acid equivalents in g fruit dry weight (mg
GAE/100 g dw).
Total antioxidant activity was estimated by FRAP (ferric reducing antioxidant power) assays according to the
procedure modified by Özgen et al. [23]. The assay was
conducted using 3 aqueous stock solutions containing 0.1
M acetate buffer (pH 3.6) and 10 mM TPTZ [2,4,6-tris(2pyridyl)-1,3,5-triazine] acidified with concentrated hydrochloric acid and 20 mM ferric chloride. Stock solutions
were combined (10:1:1, v/v) to form the FRAP reagent just
prior to analysis. For each assay, 2.98 ml of FRAP reagent
and 20 µl of sample extract were mixed. After 10 min, absorbances were recorded spectrophotometrically at 593
nm, and results expressed as μmol trolox equivalents in g
fruit dry weight (μmol TE/g dw).

2.3 Surface color

2.7 Analysis of β-carotene

Color (ground skin color) was measured on both sides
of 15 apricots at equatorial level with a Minolta Chroma

β-carotene was analyzed using a modified procedure
of Gokmen et al. [24]. Five grams of sample was weighed

2.2 SO2 content
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and homogenized (Ultra-Turrax T18 Basic, Ika, Staufen,
Germany) at a medium speed for 2 min, with 30 ml of extraction solution (methanol:stabilized tetrahydrofuran, 1:1,
v/v). The homogenates were centrifuged (Thermo Scientific SL 16 R, Thermo Electron LED GmbH, Osterode,
Germany) (5000 g) for 15 min, and the supernatant was
collected into a 100-ml volumetric flask. The extraction
was repeated three times with 20 ml of extraction solution
until no color remained in the pellet. The extract was filtered through a 0.45-µm membrane filter and a 20-µl extract was injected into the high-performance liquid chromatograpy (HPLC) column. Separations were achieved on a C8
column (5 µm, 125 × 4.6 mm, Phenomenex-Envirosep PP)
at 35 °C and based SO2 consisted of 100% methanol (HPLC
grade). β-carotene concentrations were calculated by comparison of the ‘‘peak area’’ values at 450 nm with stock
standard solutions and expressed as mg per kg of dw.
2.8 Statistical analysis

All data were subjected to analyses of variance
(ANOVA). Significant differences among groups were
determined using Duncan’s multiple range tests at P
0.05. Standard deviation of the mean (SD) was also calculated from the replicates. All computation and statistical
analyses were done using IBM® SPSS® Statistics 19 statistical software (IBM, New York, USA).

was extended. There was an exponential relationship between storage time and SO2 content (Fig. 1). The increased
rate of SO2 loss initially occurs partially because of free SO2
is liberated from the fruit. In sulphured dried apricot fruits,
only a small amount of sulphur is found in bound form [9];
therefore, as the free SO2 decreases, the release rate slows
down. Free SO2 release is marked in high SO2 treatments.
In fruits with high initial SO2 levels (KA 3600), totally
2005 mg/kg SO2 was lost after 18 months of storage. The
reduction totalled 1460 and 958 mg/kg in medium (KA
2000) and low (KA 1250) SO2 concentration fruit, respectively. The initial SO2 concentrations of all three SO2 treatments (1250, 2000 and 3600 mg/kg) decreased at the end
of the storage period by 77, 71 and 55%, respectively.
Higher decrease rates in Kabaaşı dried apricots treated with
high SO2 levels confirm the results presented by Sen et al.
[10]. In Kabaaşı fruits exposed to the highest SO2 level
(KA3600), the average daily loss was calculated as 3.7 mg/
kg.day during the total 18 months of storage; the losses
were 2.7 mg/kg.day (KA 2000) and 1.8 mg/kg.day SO2
(KA 1250) in other treatments. High total reduction of fruit
SO2 occurred due to high storage temperature (20 °C), and
a comparatively long storage period. As temperature and
exposure period increase, SO2 loss increases. In dried apricot fruits stored at 32 °C, the rate of SO2 loss was determined as 22 mg/kg.day; at 10 °C, the rate was 2.7 mg/
kg.day [3], whereas at 4 °C, it was 1.3 mg/kg.day [10].
3.2 Surface color

3. RESULTS AND DISCUSSION
3.1 SO2 content

A significant (P 0.01) reduction in SO2 levels during
storage was measured (Fig. 1) as previously reported [25,
26]. SO2 levels decreased rapidly during the initial storage
period; however, the rate slowed down as the storage period

Color parameters determined as b*, C*, and h° altered
during the 18-month storage period (Fig. 2). Color b* valuesdecreased significantly (P 0.01). The decrease became
more pronounced in fruits containing medium or low levels
of SO2 (KA 2000 and KA 1250) after 12 months of storage.
At the end of 18 months, in KA 1250 and KA 2000 treat-

SO2 content (mg/kg)

4000
KA 1250
KA 3600

3500

KA 2000

3000
2500
y = 2458,9e-0,21x
R² = 0,9962

2000

y = 3937,5e-0,131x
R² = 0,9898

1500
1000
500
0

y = 1695,3e-0,256x
R² = 0,9939
0

3

6
9
Time (months)

12

15

18

FIGURE 1 - Changes of fruit SO2 content (mg/kg) in dried apricot fruits treated with three different SO2 concentrations during 18 months of
storage.
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Studies revealed that preserving fruit SO2 levels contribute
to prevention of enzymatic and especially non-enzymatic
browning in dried apricots [3, 27]; however, this effect is
accomplished only above certain SO2 levels.

ments, the mean b* values decreased by 44 and 38%, respectively, compared to the initial values. High SO2-treated
fruits (KA 3600) displayed 20% reduction, almost half
of the first two SO2 levels, during the same period. After
12 months of storage, color C* values showed noticeable
decreases (P 0.01) in medium and low SO2 treatments. In
the high SO2 level fruit, C* values were 59 and 39 % higher
compared with dried apricots with low and medium SO2
levels, respectively, even after 18 months. Hue angle (h°)
decreased significantly in low and medium treatments after
12 months (P 0.01). The h° value did not show an evident
reduction in fruits treated with the highest SO2 concentration. As the storage period advanced, colour change became more visible in apricots treated at low and medium
SO2 levels. On the other hand, colour change was limited
in apricots with high SO2 levels that almost preserved their
colour till the end of the 18 months of storage. There were
statistically significant differences (P< 0.01) between color
parameters (b* (r= 0.588), C* (r= 0.562), h° (r= 0.786))
and SO2 content confirming the positive relationships between Hunter values and SO2 found by Rossello et al. [25].

30

In dried apricot fruits, moisture content and water activity levels decreased steadily during storage (Table 1).
The decreases were similar at all three SO2 treatments.
Moisture contents ranged between 19.9 and 25.0%, and
water activity values ranged between 0.55 and 0.69. The
moisture content and water activity levels of dried apricot
fruits did not fluctuate, since storage conditions provided a
narrow RH (55-65%) range.
3.4 TSS and TA contents

The initial TSS and TA contents and the values obtained after 18 months of storage are displayed in Table 1.
The final TSS contents were similar to the initial stages of
dried apricot fruits under different SO2 levels. Prior to storage, fruits treated with SO2 at medium and high levels had

30
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3.3 Moisture content and water activity
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FIGURE 2 - Changes of color b* (A), C* (B) and h° (C) values in dried apricot fruits treated with three different SO2 concentrations during 18
months of storage
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TABLE 1 - Initial (0 months) and final (after 18 months of storage) moisture content, water activity, and TSS and TA contents in dried apricot
fruit treated with SO2 at three different levelsz
TSSy
0. Month
86.6NS
86.2
86.7

Treatment

Moisture content (%)
Water activity
0. Month
18. Month
0. Month
18. Month
KA 1250
22.50NS
19.99NS
0.626NS
0.560NS
KA 2000
22.69
19.90
0.631
0.542
KA 3600
23.61
20.42
0.655
0.549
z
Means separation within columns by Duncan’s multiple range test, P0.05.
y
TSS, expressed as grams of TSS per 100 g of dry weight.
x
TA, expressed as grams of citric acid per 100 g of dry weight.
NS * **
, , , Nonsignificant, significant at P0.05 or P0.01, respectively.

higher TA values, compared to those treated at low-level.
The differences were minimised towards the end of the 18
months of storage. The data ranged between 2.19 and 2.32
g citric acid/100 g dry weight. Sen and Karacali [28] reported TA contents as 2.29 and 1.55 g citric acid/100 g dw
in ‘Hacıhaliloğlu’ dried apricot fruits possessing 2870 and
1157 mg/kg SO2.
3.5 Total phenolic content and antioxidant activity

The total phenolic content and antioxidant activity determined in dried apricot fruits treated at three different
SO2 levels are presented in Fig. 3. Total phenolic content
in high SO2-treated fruits had higher initial values compared with low SO2-treated fruits; however, this difference
was less pronounced as the storage period was extended. In
the later stages of storage, total phenolic content stayed
steady, varying between 8395 and 9861 mg GAE/kg dw.
Fruit FRAP antioxidant activity was not affected significantly from the tested SO2 concentrations, and the changes
were not marked during the 18 months of storage. As the
storage period progressed, the differences in antioxidant ca-

18. Month
2.20NS
2.32
2.19

3.6 β-carotene content

β-carotene levels of dried apricot samples are given in
Table 2. β-carotene levels did not exhibit a specific trend,
and decreased during the storage period in all three treatments. The initial β-carotene (65.4 mg/kg dw) level decreased to 45.1 mg/kg dw at the end of 18 months. The βcarotene content and color (b*, C*, h°) values did not reveal a significant linear relationship, contrary to findings
for fresh apricot fruit reported by Ruiz et al. [18]. This
might be because of the additional factors mentioned above
that participate in color development of dried fruits [29].
High β-carotene loss in dried apricots as a consequence of
high storage temperature and long storage period is reported [30]. Elmacı et al. [31] state that oxidation of carotenoids is enhanced at high temperatures and that significant
(P 0.05) decreases in β-carotene occur in apricot fruits
with increasing storage temperature.

18
Antioxdant activity (µmol TE/g dw)

Total phenolics (mg GAE/100 g dw)

TAx
0. Month
2.54 b*
2.99 a
2.92 a

pacity were diminished within a range of 12.1–15.4 μmol
TE/g dw. There were no statistically significant relationships
between SO2 content and total phenolic content or antioxidant activity

1200

A

18. Month
86.6NS
86.8
85.7

1100
1000
900
800
KA 1250
KA 2000
KA 3600

700
600
0

3

6
9
12
Time (months)

15

18

B

16
14
12
KA 1250
KA 2000
KA 3600

10
8
0

3

6
9
12
Time (months)

15

18

FIGURE 3 - Changes of total phenolic contents (A) and antioxidant activity (B) in dried apricot fruits treated with three different SO2 concentrations during 18 months of storage.
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TABLE 2 - Changes of β-carotene content and antioxidant activity in dried apricot fruits treated with three different SO2 concentrations during
18 months of storage.
Treatment

Storage period (month)
0
3
6
KA 1250
62.3NS
56.6NS
57.1NS
KA 2000
65.9
59.4
55.3
KA 3600
68.1
61.2
58.6
z
Means separation within columns by Duncan’s multiple range test, P0.05.
x
β-carotene content, expressed as mg per kg of dry weight.
NS
, Nonsignificant.

9
54.4NS
51.6
56.7

4. CONCLUSION
Dried apricot fruits must be treated with SO2 at levels
that allow preservation of quality based upon the varietal
properties, maturity stage, and storage conditions and duration. Dried ‘Kabaaşı’ apricots treated with 2000 mg/kg
SO2 prior to storage, darkened significantly after 12 months
of storage at 20 °C and 55–65 % RH conditions. As the
storage was extended, these negative attributes became
more pronounced. In the treatment where initial fruit SO2
content was lower (1250 mg/kg), quality loss occurred earlier. Conversely, dried apricot fruits with high SO2 (3600
mg/kg) could be safely kept under the tested conditions for
18 months, the final fruit SO2 levels being 1500 mg/kg. The
results show that the initial SO2 treatment (namely exposed
concentration and duration) determine the quality and
shelf-life of the dried apricot fruits. Thus, SO2 levels need
to be decided at the packing house based upon the expected
storage period and whether the fruit will undergo another
processing or directly sold to the consumer. For successful
marketing, a continuous flow of information is necessary
between the farmers who do the sulphur pre-treatment and
the trader/market who decides the final SO2 concentration
and the storage length and conditions.

12
50.6NS
54.2
53.8

15
43.6NS
46.9
48.2

18
42.6NS
44.8
47.9
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ABSTRACT
Interesterification is widely used for modification of the
physicochemical properties of fats. In this work, fully hydrogenated palm olein (FHPO) and soybean oil blends (formulated by mixing 15-85 % FHPO in increments of 10 %), were
interesterified using the commercial lipase Lipozyme TL IM.
Fatty acid composition, free fatty acid (FFA) content, slip
melting point (SMP), solid fat content (SFC), plastic range,
iso-solid diagram and rheological properties of the initial
or interesterified blends were studied. Generally, all the
blends could be regarded trans-free as they contained low
amounts of (<1.3 %) of trans-fatty acids. The interesterified blends displayed reduced SMP, SFC and elastic (G')
and loss (G") modules, as compared to the initial blends.
Interesterified fats contained higher amounts of FFAs than
the initial blends. Non-interesterified blends had very flat
SFC curves. Interesterification shifted the plastic range of
fats to the lower temperatures. Iso-solid diagram before
and after the reaction showed monotectic behavior with no
eutectic interactions. The 25:75 and 35:65 interesterified
FHPO: soybean oil blends displayed characteristics suited
for production of soft tub margarine and stick margarine,
respectively. Interesterified blends containing 45-55 %
FHPO could be used for production of puff pastry margarine, roll-in margarine and cake shortening.
KEYWORDS: Fully hydrogenated palm olein, soybean oil, enzymatic interesterification physicochemical properties, applications

1. INTRODUCTION
Most natural oils and fats offer limited applications in
their un-altered state, due to their particular fatty acid and
triacylglycerol (TAG) composition. Accordingly, oils and
fats are modified chemically by hydrogenation or interesterification, or physically by fractionation [1]. Among the
mentioned methods, interesterification has proven to be the
main alternative for obtaining plastic fats that have low

trans isomer content, or are even trans isomer-free [2-4].
Interesterification is a modification technique that results
in the redistribution of the fatty acids among the glycerol
backbone of TAGs and thus changing the physicochemical
properties of the modified fat [4]. Compared with chemical
interesterification using sodium methoxide, enzymatic interesterification using 1,3-specific lipase does not affect
the sn-2 position of TAGs and produces a more natural and
more oxidatively-stable product. It requires less severe reaction conditions and produces less waste than the chemical process [5]. It is, therefore, not surprising that lipasecatalyzed interesterification is gaining much interest.
Due to the adverse health effects of trans-fatty acids
[6], health-related organizations recommend reduction or
elimination of trans fatty acids from fat products. For example, the FAO/WHO recommends a maximum intake of
trans-fatty acids of 1 % of energy intake, from both ruminant or industrially-produced sources [7]. Generally, transfree fats are produced by blending and/or interesterification
of trans-free hard stocks, such as palm stearin and fully hydrogenated vegetable oils with liquid vegetable oils [8].
Fully hydrogenated palm olein (FHPO), which is obtained
by full hydrogenation of palm olein is the common hard
stock used in Iran for production of trans-free fats. Compared to the other vegetable oils, such as soybean or canola
oil, full hydrogenation of palm olein is more cost-effective,
as it needs lower amounts of hydrogen. Furthermore, it has
a natural tendency to crystallize in the β' form, thus providing favorable melting and crystallization characteristics to
the fat product [9]. On the other hand, soybean oil stands
out for its nutritional qualities, permanent supply, considerable economic value and high functionality, making it an
interesting raw material for producing special fats [10]. Accordingly, the aim of this research was to conduct a study
on the influence of enzymatic interesterification on the
physicochemical properties of FHPO and soybean oil
blends. Finally, properties of the finished products were
compared to that of the widely used commercial margarine
and shortening to identify potential applications of the
products.
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Cc 3-25 [12]. Capillary tubes filled with samples were
stored in a refrigerator for 16 h before the measurements.

2. MATERIALS AND METHODS
2.1 Materials

FHPO was provided by Parto Daneh Khazar Co.
(Behshahr, Iran). Refined, bleached and deodorized soybean oil was obtained from Naz Co. (Isfahan, Iran). Commercial immobilized 1, 3-specific lipase from Thermomyces lanuginosa, Lipozyme TL IM, was kindly donated by
Novo Nordisk (A. S., Denmark). The oils and fats were
stored under refrigeration (ca. 4 ºC) prior to use. All the
chemicals used were either of analytical or chromatographic grade, and from Merck (Darmstadt, Germany).
2.2 Preparation of blends and enzymatic interesterification

Binary blends of FHPO: soybean oil in ratios (w/w) of
15:85, 25:75, 35:65, 45:55, 55:45, 65:35, 75:25 and 85:15
were prepared. To reduce free fatty acid (FFA) and partial
acyl glycerol formation, the enzyme was conditioned by
repeated interesterification of three volumes (50 g) of soybean oil for 30 min at 70 ºC. Lipozyme TL was then separated from the oil by settling and washed with the blend
being studied. Interesterification reactions were conducted
in flasks (200 g) using 6 % (w/w) enzyme. The mixtures
were incubated in a shaking incubator for 6 h at 70 ºC, and
the orbital speed was set at 170 rpm. After the reaction, the
enzyme was removed from the reaction mixture by vacuum
filtration with Whatman filter paper [11].

2.6 Solid fat content

SFC was determined using a minispec mq 20 pulsed
nuclear magnetic resonance spectroscope (Bruker, Hamburg, Germany), according to the AOCS method Cd 16b93 direct serial measurement method [12]. SFC was measured at 10, 20, 30, 40, 50 and 55 ºC.
2.7 Rheological properties

The rheological behavior of initial and interesterified
blends containing 15-45 % FHPO was evaluated using a
rheometer (Rheoplus 32V 3.40, Anton Paar, GmbH Ostfildern, Germany) with parallel plate geometry (25 mm diameter, 1 mm gap). Samples were molten at 70 ºC and
stored in a refrigerator (5 °C) for 24 h before the measurements. Frequency sweep tests were carried out at 23 °C
with 0.4 % strain, and storage/elastic (G') and loss/viscous
(G") module were calculated. Two replicates of this analysis were performed. [13].
2.8 Construction of iso-solid diagrams

The iso-solid line diagrams (showing compositions in
which the SFC values of a blend are equivalent at a given
temperature) were constructed using SigmaPlot software
ver. 12 (Sysat software Inc., USA).

2.3 Fatty acid composition

2.9 Statistical analysis

Fatty acids in the TAGs of the interesterified blends
were converted into fatty acid methyl esters (FAMEs), according to the American Oil Chemists’ Society (AOCS)
method Ce 2-66 [12]. Analyses of FAMEs were carried out
in a gas chromatograph (6890N, Agilent technology, from
Santa Clara, California, USA), equipped with a flame-ionization detector and a software package for system control
and data acquisition. The capillary chromatographic column BPX70 (120 m, 0.25 mm id and 0.25 µm film thickness; Melbourne, Australia) was used to analyze fatty acid
methyl esters. Helium was used as carrier gas and the split
ratio was 1:100. The injector and detector temperature
were set at 220 and 250 ºC, respectively. The oven temperature was initially set at 180 ºC for 30 min, then programmed to increase to 200 ºC, at a rate of 1.5 ºC/min.
Quantitative composition was obtained by area normalization and expressed as mass percentage, according to the
AOCS Method Ce 1b-89 [12].

Statistical analysis was performed using Statistical
Analysis System software ver. 9 (SAS Institute Inc., USA).
Statistical significance of differences between means was
determined using two-way ANOVA, followed by the Duncan’s tests. Differences were considered to be significant at
P<0.05 level.

2.4 Free fatty acid content and iodine value

FFA content defined as the percentage (by weight) of
free acids existing in fat was determined according to
AOCS Cd 8-53 method [12]. Iodine value (IV) of samples
was calculated from the fatty acid composition following
the AOCS Method Cd 1c-85 [12].
2.5 Slip melting point

Slip melting point (SMP) was determined by the open
tube melting point method, according to the AOCS method

3. RESULTS AND DISCUSSION
3.1 Fatty acid composition and iodine value

The fatty acid compositions of FHPO, soybean oil and
the interesterified products are presented in Table 1. As it
can be seen, soybean oil contained a high amount (78.2 %)
of unsaturated fatty acids, in which major fatty acids were
linoleic (53.3 %) and oleic (20.7 %) acids. The FHPO contained high amounts (94.5 %) of saturated fatty acid (SFA).
Palmitic and stearic acids were the most abundant fatty acids in FHPO (37.0 % and 56.1 %, respectively). These values were reported to be 42.4 and 55.5 %, respectively, for
fully hydrogenated palm oil [9]. Due to its lower IV, production of fully hydrogenated fat from palm olein is more
cost-effective than that from other vegetable oils (such as
soybean or canola oil), because it needs lower extent of hydrogenation. Furthermore, it is a β'-tending fat, leading to
a softer texture in the product [9].
Addition of FHPO into the soybean oil increased the
level of SFA and decreased the level of polyunsaturated
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TABLE 1 - Fatty acid composition (percent area) of fully hydrogenated palm olein (FHPO), soybean oil and enzymatically interesterified
binary blends of FHPO and soybean oil.
Base stocks
FHPO:soybean oil ratios (% w/w)
FHPO
Soybean
15:85
25:75
35:65
45:55
55:45
65:35
75:25
12:0
0.2
0.0
0.0
0.0
0.1
0.1
0.1
0.1
0.1
14:0
0.9
0.1
0.2
0.3
0.4
0.5
0.5
0.6
0.7
16:0
37.0
11.6
15.4
17.9
20.5
23.0
25.6
28.1
30.6
18:0
56.1
4.5
12.2
17.4
22.6
27.7
32.9
38.0
43.2
22:0
0.3
0.4
0.4
0.4
0.4
0.3
0.3
0.3
0.3
18:1 c9
0.0
20.7
17.6
15.5
13.4
11.4
9.3
7.2
5.2
18:2 c9, c12
1.1
53.3
45.5
40.2
35.0
29.8
24.6
19.4
14.1
18:3 c9, c12, c15
0.3
4.2
3.6
3.2
2.8
2.4
2.1
1.7
1.3
SFA
94.5
16.6
28.2
36.0
44.0
51.6
59.4
67.1
74.9
UFA
1.4
78.2
66.7
58.9
51.2
43.6
36.0
28.3
20.6
PUFA
1.4
57.5
49.1
43.4
37.8
32.2
26.6
21.1
15.4
TFA
1.5
0.4
0.6
0.7
0.8
0.9
1.0
1.1
1.2
Iodine value
2.7
121.4
103.6
91.8
79.7
67.9
56.2
44.3
32.6
Abbreviations: SFA, Saturated fatty acids; UFA, Unsaturated fatty acid; PUFA, Poly unsaturated fatty acid; TFA, Trans fatty acids.
Fatty acids (%)

85:15
0.2
0.8
33.2
48.4
0.3
3.1
8.9
0.9
82.9
12.9
9.8
1.3
20.5

TABLE 2 - Effect of enzymatic interesterification on free fatty acid content, slip melting point and plastic range of blends of fully hydrogenated
palm olein (FHPO) and soybean oil.
Blends of
Free fatty acid content (%)
Slip melting point (°C)
Plastic range ( )
FHPO:soybean oil
NIE
EIE
NIE
EIE
NIE
EIE
15:85
0.08
2.56
46.7
24.7
>10.0-38.0
NIR (<10)
25:75
0.10
2.64
51.3
31.3
26.0-40.0<
>10-18.0
35:65
0.12
2.56
53.3
38.0
NIR (40<)
>10-28.5
45:55
0.14
2.54
55.3
45.8
NIR (40<)
25.5-40.0
55:45
0.18
2.50
56.4
47.3
NIR (40<)
31.5-43.5
65:35
0.19
2.90
57.3
49.6
NIR (40<)
38.5-46.0
75:25
0.19
2.58
58.1
52.7
NIR (40<)
44.0-50.0
85:15
0.23
2.60
58.8
53.7
NIR (40<)
48.5-53.0
Abbreviations: NIE, non-interesterified; EIE, enzymatically interesterified, NIR, not plastic in SFC measurement range.

fatty acids. As the weight ratio of FHPO increased in the
formula (from 15 to 85 %), the content of SFA increased
(from 28.2 to 82.9 %), and the content of unsaturated fatty
acids decreased (from 66.7 to 12.9 %). Generally, all the
blends could be regarded trans-free as they had trans contents less than 1.3 %.
IV reflects the unsaturation level of fats and oils [1].
Table 1 shows the IV of FHPO, soybean oil and interesterified blends. The IV of blends was decreased from 103.6 to
20.5 with increase of FHPO content from 15 to 85 %. In
fact, with increase of FHPO content in blends, the unsaturation level and, consequently, the IV decreases. A similar
result was observed by Masuchi et al. [9] who studied the
chemical interesterification of high-oleic sunflower oil and
fully hydrogenated palm oil. They reported a decrease in
IV (74.0 to 46.0) with increase of fully hydrogenated palm
oil content from 20 to 50 %.
3.2 Free fatty acid content

FFA is the most common indicator of oil quality in industry as it leads to development of off-flavor in oils and
fried products [11]. Table 2 shows the effect of enzymatic

interesterification on FFA content. FFA content of the interesterified blends was significantly higher than that of the
initial blends (p<0.05). The increase of FFA content is due
to the lipolytic activity of lipase [11]. In the present study,
FFA formed during enzymatic interesterification (2.5-2.9
%) was much lower than that (4.7–8.3 %) reported by Nascimento et al. [14], who used Lipozyme TL IM as the interesterification biocatalyst. The obtained results were similar to that of Farmani et al. [11] who reported FFA contents of 2.0-2.6 % for Lipozyme TL-interesterified canola
and fully hydrogenated soybean oil blends. Generally, high
contents of water and catalyst in the reaction media lead to
high amounts of FFA and, consequently, high interesterification loss that can be minimized by enzyme pre-treatment,
as described in methods section.
3.3 Slip melting point

Melting point is a parameter of significant importance
for the characterization of fats [1]. Table 2 shows the SMP
of the initial and interesterified blends as a function of
FHPO concentration. As it can be observed in Table 2,
SMP of the non-interesterified or interesterified blends increased with the increase of FHPO content (P<0.05).
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FHPO (with its SFA content of 94.5 %) contains high-melting tri-saturated TAGs as its main TAG. Accordingly,
SMP of blends increases with increase of FHPO ratio. Enzymatic interesterification reduced the SMP of the initial
blends significantly (P<0.05). This can be explained by the
conversion of some parts of the higher-melting tri-saturated (SSS) TAGs into the lower-melting monosaturated–
diunsaturated (SUU) and disaturated–monounsaturated
(SUS) TAGs by the interesterification process [9, 10]. Similar results have been reported by Rodri´guez et al. [15]
who found that the melting points of chemically or enzymatically interesterified blends of palm stearin:soybean oil
were lower than that of the non-interesterified samples. Ribeiro et al. [10] also reported the decrease of melting points
of soybean and fully hydrogenated soybean oil blends by
interesterification.
3.4 Solid fat content

A convenient parameter related to the specific physical
properties, such as spreadability, consistency and stability,
besides influencing important sensorial properties is the percentage SFC at a range of temperatures. Fig. 1 shows the
SFC of the binary blends before and after enzymatic interesterification as a function of temperature. As it can be seen
in Fig. 1, the SFC of the blends was directly proportional to
the ratio of FHPO in blends, at all the temperatures. The increase in SFC with increase of FHPO ratio is due to the increase of the content of SFA and high-melting tri-saturated
TAGs [9, 10]. As it can be seen in Fig. 1b, the interesterified
blends showed noticeable decline in SFC of blends at all
temperatures (p<0.05). The obtained result is linked to the
decrease of tri-saturated TAGs and simultaneous increase of
SUS and SUU TAGs in interesterified fats [9, 10].
As for SMP (Table 2), the difference between the SFC
of non-interesterified and interesterified samples was
lower in blends containing higher ratios of FHPO (Fig. 1).
This may be due to the lower difference between the content of high-melting TAGs of non-interesterified and interesterified blends [16]. The largest alterations in SFC of the
interesterified blends, as compared with the initial blends,
were observed at 10, 20 and 30 °C for blends with 25-75 %

FHPO content (Fig. 1). Similar to our results, Adhikari et
al. [17] concluded that SFC was effectively decreased
within the temperature range of 20-35 °C, in a blend of
palm stearin:soybean oil. Moreover, Lo´pez-Herna´ndez et
al. [18] indicated that the SFC of enzymatic interesterification blends of extra virgin olive oil and fully hydrogenated
palm oil was lower, compared to the non-interesterified
samples at all temperatures (0-60 °C).
3.5 Plastic range

The variation of the SFC with temperature and the
sharpness of the melting curve, together with other factors,
such as the crystal morphology, determine the range within
which a fat can be considered as plastic. The temperature
range within which the fats are plastic (retain their consistency) is called plastic range. It can be obtained by measuring the SFC in the range of 15-25 % [19]. The SFC between 4-10 ºC determines the spreadability of the product
at refrigeration temperatures, that at 20-30 ºC influence plasticity at room temperature and that between 33 and 38 ºC
influence mouth-feel of the product [20]. Table 2 shows the
plastic range of the non-interesterified and interesterified
FHPO:soybean oil blends. Non-interesterified blends had a
very flat SFC curve (Fig. 1a). Non-interesterified blend
containing 15 % FHPO showed the highest plastic range
(>10.0-38.0 ºC). With increase of the ratio of FHPO in
blends, plastic range shifted to the higher temperatures. As
it can be concluded from Fig. 1 and Table 2, non-interesterified blends containing more than 35% FHPO were plastic in temperatures higher than 40 ºC, which was not in the
range of SFC measurement temperature. Interesterification
shifted the plastic range to lower temperatures (Table 2),
which may be due to the decrease of SFC at all measured
temperatures. As for non-interesterified blends, with increase of FHPO ratio in interesterified blends, plastic range
shifted to higher temperatures. Increase of the ratio of
FHPO also caused a decrease in plastic range of interesterified blends. In fact, blends containing higher contents of
FHPO in their formulation had higher contents of SFAs
and tri-saturated TAGs and, consequently, higher SFC.
This means that SFC can affect the plasticity of fats.

FIGURE 1 - SFC curves of binary blends of fully hydrogenated palm olein and soybean oil, before (a) and after (b) enzymatic interesterification.
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3.6 Rheological properties

Viscoelasticity studies provide valuable data that can be
correlated to fat crystal network structure. Parameters derived from such studies include the storage (solid-like or
elastic, G') and loss (liquid-like or viscous, G'') moduli [21].
Curves obtained by frequency sweep tests for initial and
interesterified blends are presented in Fig. 2. As it can be observed, the G' and G'' of all initial blends decreased as a result
of enzymatic interesterification. The decrease in the G' and
G'' of interesterified blends was proportional to the decrease
of SFC values. Blends containing more FHPO (SFA) contents had higher G' and G'' as a function of frequency. However, both the G' and G'' of non-interesterified and interesterified blends increased gradually with the increase of FHPO
ratio. Generally, the non-interesterified blends showed a
solid-like behavior (the G' higher than the G''), especially at
lower frequencies. Generally, interesterification leads to a decrease in both the solid-like and liquid-like characters of 1545 % FHPO blends. These results suggest that the rheological
properties of these fats, in addition to SFC, were strongly influenced by the properties of the particles, which made up the
fat crystal network. Interesterification caused changes in the
properties of the particles [22]. Attributes, such as spreadability and the melting sensation, also depend on the mechanical strength of the crystalline network [13]. Our results were
in accordance with that of Marangoni and Rousseau [22] who
indicated the relative decrease of storage moduli (G') in

chemically or enzymatically interesterified blends of butterfat-canola oil (80:20). In another research, they reported a decrease in G' of the blends of palm oil:soybean oil upon lipasecatalyzed interesterification [21].
3.7 Iso-solid curve diagrams

The SFC data can be used as a tool for verifying the
compatibility of fats in different binary systems as continuous solid solutions, eutectic systems and monotectic systems [23]. The degree of compatibility among different fats
is generally associated with the preferred polymorphic
form of each TAG in the fat system [9]. The iso-solid phase
behavior was evaluated before and after interesterification as
function of temperature and SFAs. As it can be seen in Fig.
3, iso-solid lines in both diagrams (non-interesterified and
interesterified) are non-linear which state that the SFC of the
blend containing two fats is lower than the weighted average
of the component fats [23]. However, both of them showed
monotectic behavior. According to Timms [24], the monotectic systems occur when high melting point TAGs are dissolved in liquid TAGs, presenting differences greater than
20 ºC between the melting points of the components.
Humphrey and Narine [25] observed this behavior for soybean oil:fully hydrogenated canola oil blend. Blends of fully
hydrogenated soybean oil and soybean oil [10] and blends
of partially hydrogenated low erucic rapeseed and low erucic
rapeseed oils [23] were also reported to show monotectic be

FIGURE 2 - Frequency sweep curves (Storage modulus, G' and loss modulus, G'') of non-interesterified (NIE) and interesterified (EIE) blends
of fully hydrogenated palm olein (FHPO) and soybean oil (SBO) blends.
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FIGURE 3 - Iso-solid diagram of blends of fully hydrogenated palm olein (FHPO) and soybean oil before (a) and after (b) enzymatic interesterification. SFA, Saturated fatty acid; T, Temperature; SFC, Solid fat content.

FIGURE 4 - Comparison of SFC curve of interesterified fat blends with the typical SFC curve of (a) soft tub margarine and stick margarine
(b) roll in margarine, puff pastry margarine and cake shortening. SFC, Solid fat content; EIE, Enzymatically interesterified, FHPO, Fully
hydrogenated palm olein; SBO, Soybean oil.

havior. Generally, no depressions were observed in the isosolid lines for the initial and interesterified blends. Depressions in iso-solid diagrams characterize the formation of a
eutectic system, which results in liquefaction of the blend in
specific compositions. This may lead to problems in fat applications where consistency and SFC are important [10].
When the temperature and the percentage of SFAs in
the blends increase, the iso-solid lines converge to the right
(Fig. 3). Iso-solid lines of interesterified fats were closer to
each other at higher SFA content. This indicates that the
effect of diluting is smaller when the tri-saturated TAG
content increases (Fig. 3). The interesterification process
reduces the incompatibility of the component fats, probably due to the greater heterogeneity in the TAG composition,
increased proportion of TAGs with intermediate melting

points [21], and the formation of a more stable and common polymorphic crystals in the mixture.
3.8 Applications of interesterified fats

In this study, to find potential application of interesterified blends, the SFC curves of interesterified fats were
compared with that of the typical SFC curve of various
types of margarines and shortenings [1, 11, 26] (Fig. 4).
Comparison between the SFC curve of interesterified blend
and the typical SFC curve of soft tub margarine showed
that the enzymatically prepared fats containing 25 % FHPO
and 75 % soybean oil could be used in production of soft
tub margarine (Fig. 4a). The fat blends for soft tub margarine
are formulated with lower SFC to produce a spreadable
product, directly out of the refrigerator [26]. This is con-

116

© by PSP Volume 37 – No 3. 2015

Advances in Food Sciences

sistent with its SFC value of less than 32 % at 10 ºC that is
essential for good spreadability [18]. The SMP of the interesterified blend containing 25 % FHPO was 31.3 ºC, which
also made it suitable for production of soft tub margarine.
Similar to our result, Masuchi et al. [9] suggested the interesterified blend of fully hydrogenated palm oil and high
oleic sunflower oil (20:80) for soft tub margarine. As can
be seen in Fig. 4a, enzymatically interesterified blend composed of 35 % FHPO exhibited a SFC profile and plasticity
suitable for use in production of stick margarine. Farmani
et al. [11] also suggested the use of the 30:70 fully hydrogenated soybean oil: canola oil interesterified blend for
stick margarine production.
As can be observed in Fig. 4b, enzymatically interesterified blends of FHPO and soybean oil containing 4555 % FHPO could be used for production of puff pastry
margarine, roll-in margarine and cake shortening. Cake
and roll-in shortenings and margarines have a wide plastic
range at room temperature. They have a melting point of
42–45 ºC and a flat SFC curve [11]. As it can be seen in
Table 2, the SMP of interesterified containing 45 % FHPO
was 45.8 ºC which was close to the melting point of mentioned margarine and shortenings. The interesterified
blends containing more than 55 % FHPO, presented significantly high melting points and SFC values, which makes
their direct application in food products unattractive [27].
4. CONCLUSIONS
This study demonstrated that the enzymatic interesterification significantly modifies the melting point, SFC
curve, plastic range, iso-solid diagram, and rheological
properties of FHPO:soybean oil blends. Due to the high
melting point and SFC, initial blends were not suitable for
direct application in food production. Compared to the initial blends, the interesterified fats had lower melting point,
SFC and G' and G" modules. Interesterification also improved the compatibility of the components and plastic
range of fats. The interesterified blends displayed characteristics with the desired SFC profiles, suited for a variety
of food applications, offering alternatives to partly hydrogenated fats. Interesterified blends containing 25-35 %
FHPO proved to be valuable alternatives for the production
of soft tub margarine or stick margarine due to their plasticity and good spreadability. Furthermore, the interesterified blends composed of 45-55 % FHPO showed properties
that suggest potential application of the final products in
production of puff pastry margarine, roll in margarine, and
cake shortening.

The authors have declared no conflict of interest.
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HETEROGENEOUS TRANSESTERIFICATION
SYNTHESIS OF SUCROSE ESTER CATALYZED BY Ca(OH)2
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ABSTRACT
Heterogeneous transesterification synthesis of sucrose
ester catalyzed by Ca(OH)2 solid has been studied in this
paper. Results of Fourier Transform Ion Cyclotron Resonance Mass Spectrum showed that with the help of the solvent, N,N-dimethylformamide (DMF), the sucrose ester
was prepared. Catalytic capabilities of calcium hydroxides
are reduced gradually, with the increase of their sintered
temperatures. The main products were monoesters and diesters. The total conversion was 74.12﹪, with a mono-ester percentage of 23.72﹪.
KEYWORDS: sucrose ester, calcium hydroxide, heterogeneous
catalyst, transesterification

1. INTRODUCTION
Sucrose fatty acid ester (sucrose ester), which is a kind
of green non-ionic surfactants, with the hydroxyl radicals
of sucrose as hydrophilic groups and the fatty acids as its
hydrophobic groups, is widely used in the food industry [1,
2]. It even has potential utilization in high-grade detergents
or personal care products [3].
Generally speaking, sucrose fatty acid ester is a kind
of esters. It can be synthesized through combining an acid
radical with an alcohol radical, which is catalyzed by an
acid or a base [4]. Normally, to make the reaction easy,
transesterification of an ester with an alcohol is adopted.
The typical reaction process is described as that an ester
reacts with an alcohol and forms another new ester and a
new alcohol [5]. Simultaneously, a side-reaction is that the
ester may be hydrolyzed, and the soap is always one of final products. Therefore, an anhydrous condition is absolutely necessary for transesterification reaction [6].
Sucrose ester has its own specific characters. Firstly,
sucrose is a kind of thermal-sensitive polyalcohol, especially in acidic conditions [7]. Therefore, it is usually catalyzed by a base. Secondly, sucrose is not liquid until the
temperature is above 170 °C [8]. The safest and best solvent
is water for sucrose, although it will ruin transesterification.
Galleymore [9] proposed a method to prepare sucrose ester
under the following conditions; The reaction temperature

was between 110-140 °C under atmospheric pressure. With
the addition of fatty acid soap and KOH as catalyst, the reaction system could be mixed satisfactorily, and the hydrolysis of esters could be avoided well. In literature, the
most favorable bases are sodium hydroxide and potassium
hydroxide [10-12]. Nonetheless, the excellent catalytic efficiency of sodium hydroxide or potassium hydroxide; the
catalyst cannot be easily removed from the reaction system, due to their poor mechanical strength [13]. Usually, it
is neutralized as ash residue with edible acids [14]. If a new
base with satisfied catalytic capability, together with excellent mechanical strength, is developed, sucrose ester would
be prepared in a fixed bed reactor in which products can be
isolated from catalysts easily [15].
In recent years, calcium hydroxide, as a heterogeneous
solid base transesterification catalyst, is studied due to its
acceptable catalytic capability, attractive economic index
and benign mechanical strength [16, 17]. Compared with
other solid base catalysts, Ca(OH)2 has stronger basic
strength and better tolerance to the free fatty acids and water in the raw materials. With the increase of the sintered
temperature, Ca(OH)2·nH2O clusters or CaO·nH2O clusters may be formed, which means the hydroxylation level
on the surface of the catalysts may be adjusted [18]. Therefore, it is of great interest to investigate the possibility of
replacing the sodium or potassium base catalysts by
Ca(OH)2 in the reaction for sucrose ester.
In this paper, the calcium hydroxide catalysts will be
prepared under different conditions. Besides, they are going to be employed to investigate the possibility and the
efficiency of sucrose ester preparation by transesterification of sucrose with methyl stearate.
2. MATERIALS AND METHODS
2.1 Catalyst preparation and characterization

The calcium hydroxide was prepared by the reaction
between calcium chloride (0.02 mol/L) and potassium hydroxide (0.02 mol/L) in aqueous solution, and the slurry
obtained was stirred for 25 min. After filtration, the deposit
was washed with deionized water for many times until the
Cl- could not be detected. Then, the deposit was dried at
80 °C for 6 h under vacuum, and an amorphous solid was
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Ca(OH)2 has lost all of the free water in its surface; Ca(OH)2
was transformed to CaO with mass loss of 1.2%, and CaCO3
to CaO with mass loss of 1.3%. In order to get calcium hydroxide catalysts with different forms, 300, 500, 600, 750
and 900 °C were selected as the sintered temperatures.
5
0

0

The thermal studies of humid Ca(OH)2 were carried out
with the HEVEN HTG-3 thermal analyzer (Beijing Scientific Instrument Factory, China) having the volume velocity
of dynamic air of 50 ml/min. Detailed working conditions
included temperature increase at a rate of 5 °C/min from ambient to 1000 °C, and the sample mass being about 10 mg.
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obtained. In order to obtain calcium hydroxide samples
with different moisture contents, the prepared calcium hydroxide samples were sintered for 5 h in the muffle furnace
(SSJ-13A, Luoyang Shenjia Kiln Co., Ltd, China) at temperatures ranging from 300 to 900 °C, respectively. After
being cooled down to room temperature, the samples reused as the catalysts for the synthesis of sucrose esters were
deposited in desiccators.
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2.2 Transesterification experiments

FIGURE 1 - DTA-TG curves of humid calcium hydroxide
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3.1 Characterization of the calcium hydroxide catalyst
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3 RESULTS AND DISSCUSSION

The TG/DTA results of humid calcium hydroxide are
shown in Fig. 1. From Fig. 1, it can be observed that there
are three steps of mass loss, which are from 32 5 to 134 
5 °C, from 421 5 to 526 5 °C, and from 654 5 to 773 
5 °C. These mass losses are attributed to humid Ca(OH)2
transforming to Ca(OH)2 with mass loss of 5.7% where







The synthesis of sucrose esters was monitored by a HITACHI L-7110 liquid chromatography (Hitachi Limited,
Japan), equipped with an All-tech ELSD 2000ES (All-tech,
Deerfield, IL, USA) detector. The high-resolution broadband Fourier Transform Ion Cyclotron Resonance Mass
Spectrometer (FT-ICR-MS), equipped with positive-mode
electrospray ionization, was used to monitor the final products.



The glass flask was charged with 20.0 g (0.058 mol) sucrose, 40 ml DMF and 60 g(0.201 mol) methyl stearate
which was melted at 40 °C in the vacuum system, dewatered
and de-acidified with calcium oxide, respectively. Then, the
mixture was heated with the increase of the temperature of
the oil bath. The temperature was automatically controlled
at 100 °C with the variation of 0.5 °C, and 3 % (weight) of
the sintered calcium hydroxide was added to the mixture rapidly. An hour later, the temperature was set at 110 °C, and it
was changed to 115 °C, two hours later. A power-driven
mixer (D2004W; Shanghai Sile Appliance Co., Ltd, Shanghai, China) with a rotation speed of 650 rpm was used.

The XRD patterns of catalysts calcined at different
temperatures are shown in Fig. 2 which provides significant data about the change of calcium hydroxide under the
sintered conditions. When comparing Fig. 2a for the catalyst sintered at 300 °C with Fig. 2e for the catalyst sintered
at 900 °C, it can be seen clearly that calcium hydroxide
changes into some other calcium compounds, and the
phase of CaO is found. From 300 to 600 °C, the main phase
of catalyst is amorphous calcium hydroxide and peaks become small and flat, which indicates that the catalyst have
crystal defects that is good for its catalytic capability. When
the calcination temperature turns from 750 to 900 °C, the
main phase of catalyst is calcium oxide, and the peaks become sharp and high, which suggests that the amount of defects of calcium oxide crystal decreases. The crystal is nearly
perfect, which is not favoured by the catalyst. Therefore,
500 °C is selected as the sintering temperature.



All experiments were performed in a 250-ml flask with
three necks, equipped with a water-cooled condenser. The
flask was dipped into the oil bath (DF-101, Yuhua Instrument Co., Ltd., China).
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FIGURE 2 - XRD patterns of the catalyst calcined at different temperatures (300 °C (a), 450 °C (b), 600 °C (c), 750 °C (d), and 900 °C (e).
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The calcium hydroxide catalysts prepared at 500 °C
are shown in Fig. 3, from which it can be seen that the catalyst is hard solid, in pale white colour. It cannot be easily
mashed by the plier until the temperature is higher than
250 °C. That suggests that its mechanical strength is acceptable, when the catalyst is used in the fixed bed reactor.

FIGURE 3 - Calcium hydroxide catalysts prepared

3.2 Transesterification study of sucrose esters

The sucrose ester is synthesised via the mixture of sucrose, and methyl stearate with the sintered calcium hydroxide as catalyst. The products are qualified by high resolution mass spectra. The mass spectra of products, catalyzed by calcium hydroxide under strictly anhydrous transesterification reaction, are shown in Fig. 4. The typical
peaks of sucrose ester are 603.33581 and 631.36742, with
a permitted variation of 0.000005. It can be noticed that no
product could be detected in this mass spectrum. This is
perhaps due to the formation of calcium sucrate, which prevents the further transesterification [19].
To break the complex formed by sucrose and calcium
ions, DMF is introduced. The mass spectrum of prepared
products is shown in Fig. 5, where the medium intensity
peaks at m/z 603.33581 and 631.36742 represent the molecular weight of sucrose monopalmitate [M+Na+] and sucrose monostearate [M+Na+], respectively. Sucrose diester
contains palmitic and stearic acid moieties (C16+18DE), sucrose distearate (C18DE), and sucrose dipalmitate (C16DE).

FIGURE 4 - Mass spectrum of the product without the addition of DMF.

FIGURE 5 - Typical mass spectrum of the product.
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FIGURE 7 - Constituents in the crude product

The ions at m/z 841.56659 are attributed to the molecule weight of [M+Na+] of sucrose dipalmitate acid ester.
The peak at 869.59694 is assigned to [M+Na+] of palmitic
and stearic acid moieties (C16+18DE). The sucrose distearate (C18DE) is present at m/z 897.62881. These results
strictly consisted with the calculated molecular weights;
so, they authentically demonstrate that sucrose ester can be
prepared using calcium hydroxide as catalyst.
3.3 Efficiency and products distribution of prepared sucrose
ester catalyzed by Ca(OH)2

The typical chromatogram of compositions of the
product is shown in Fig. 6, where peak 1 is assigned to sucrose, peaks 2 and 3 are confined to sucrose palmitic acid
monoester and sucrose fatty acid monoester, peaks 4, 5 and
6 are assigned to sucrose diester of palmitic acid and fatty
acid, peak 8 is assigned to sucrose polyesters of palmitic acid

and fatty acid, and peak 7 is assigned to methyl stearate
and methyl palmitate. Peak 8 is assigned to sucrose polyesters of palmitic acid and fatty acid. The quantified results
in Fig. 6 are re-plotted in Fig. 7 by normalization. It can be
seen that monoesters and diesters are the major constituents
of the product.
The summary of experimental results of products prepared by different calcined temperatures is shown in Table 1.
It can be seen that with the increase of the calcined temperature, the product content is gradually reduced. Obviously,
Ca(OH)2 has a higher catalytic ability than CaO. When the
sintered temperature is higher than 600 °C, the content of
monoester and diester will not change greatly.
The detailed physical properties and commercial information of Ca(OH)2 and NaOH is summarized in Table 2. It
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can be seen that, even though the catalytic capability of
Ca(OH)2 is a little bit lower than that of NaOH, it will still

be a potential replacement of traditional catalyst, especially
for its benign properties to fit the fix-bed reactor.

TABLE 1 - Catalytic capability of calcium hydroxides with different sintering temperatures.
Sucrose+
Methyl stearate
(%)
25.879
30.843
42.436
39.499
47.263

Sintered temperature
(°C)
300
450
600
750
900

SE
(%)

Components of SE
DE
(%)
39.380
35.289
28.944
32.839
29.358

ME
(%)
20.913
23.721
15.542
18.203
17.132

74.127
69.157
57.564
60.501
52.737

PE
(%)
13.828
10.147
13.078
9.459
6.247

TABLE 2 - Catalytic capability and physical properties of NaOH and Ca(OH)2.
Catalyst

Solubility in water
(g, 20 °C)
111
0.165

NaOH
Ca(OH)2

H

O

Ca

O

Mohs
hardness
0.5
2

Density
(g/cm3)
2.13
2.211

H

H

O

Ca

H

CH2OH

HOH2C

H

O

OH
HO

O

Yield of
sucrose ester
86.87%
74.12%

CH2O

O

HO

Price
(US$/t)
4000
2000

OH
O

HO

O

(1)

HOH2C

HO
CH2OH

HO

O O

HO
HO

CH2OH

HO
Sucrate

Sucrose

Sucrate
R

C

OCH3

+

R

Sucrate

C

O

C

Sucrate

H

O +

Ca

O

H

R1

Sucrate
C
OCH3

OH +

C

Ca

O

H

(3)

HOCH3

OCH3

R1

(2)

O

Sucrate
R1

OCH3

O

Sucrate
+

Sucrose

R1

OH + Sucrate

C
HOCH3
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Sucrate
R1

C

O
R1

O

+

C

HOCH3

Sucrate

HOCH3

O
Sucrose

+

nR

C

Sucrate
Catalyst

R

C

O
C

+ nHOCH3

n=1,2,3,4,5,6

(6)

On

OCH3

R

(5)

O
+

H2 O

OCH3

R

C

+

(7)

HOCH3

OH

To illustrate the results acquired, a hypothesis based on
references summary is proposed as follows: The basic site
of Ca(OH)2 surface can absorb the dissolved sucrose molecules [20], and an intermediate is formed [19]. Then, the
intermediate is split into two parts and sucrate is acquired
as shown in Eq. (1).
According to the mechanism of the base-catalyzed
transesterification [21], sucrate anion is a strong base and
has active nucleophilicity in transesterification reactions.
Therefore, the sucrate anion [22] is attached to the carbonyl
carbon atom of the methyl stearate molecule, to form a tetrahedral intermediate (Eq. (2)). The tetrahedral intermediate picks up an H+ atom from the surface of Ca(OH)2 (Eq.
(3)). The tetrahedral intermediate also can react with sucrose to generate a sucrate anion (Eq. (4)). Then, the rearrangement of the tetrahedral intermediate results in the formation of sucrose ester and methanol anion (Eq. (5)) [23].
The overall reaction can be expressed by Eq.(6). If there
exists water, the side-reaction of the ester is hydrolysis
[24], as shown in Eq. (7), where R represents long chain
alkyl groups. The Ca-soap could be formed [25] in the sidereaction with Ca(OH)2 as catalyst. Therefore, the anhydrous reaction system is needed for soup control in transesterification process. Since calcium sucrate dissociation is
the key step for whole reactions, the role of solvent DMF
is to release the sucrate from the Ca(OH)2 surface and promote the desorption of synthesized sucrose esters from the
catalyst [26]. Unfortunately, the DMF herein is poisonous.
It appeals further work to seek for appropriate solvents to
meet the limits of food additives.

constituents of the crude product showed that monoesters
and diesters are principal products. The conversion could
reach 74.12 %, and the content of mono-esters could reach
23.72 %. The optimum sintered temperature of calcium hydroxide is 500 °C, at which the catalytic ability is stable.
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of Fourier Transform Ion Cyclotron Resonance Mass Spectra
showed that, with the help of the solvent, N,N-dimethylformamide (DMF), the sucrose ester could be prepared. The
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ABSTRACT
In a soil-plant system, some cations can hinder heavy
metal uptake due to competitive effects, but such a phenomenon has never been studied for the plants naturally
coated with iron plaque on root surface. Rice seedlings
were grown in a hydroponic culture to investigate the effects of external cations (Ca2+ and Mg2+) supply on heavy
metal (Cu2+) availability to the plant having root iron
plaque. Seedlings, with or without iron plaque, were subjected to three levels of Cu (0.33, 2.0, 5.0 μM), with two
levels of Ca (1.33, 8.0 mM) or Mg (0.5, 2.0 mM) at pH 5.5
for 10 days. Dry weights of roots and shoots, and metal
concentrations in plaque, roots and shoots were measured.
Formation of root iron plaque did not significantly affect
the growth of rice; but Cu concentrations in the roots with
plaque were lower than those without plaque. The Ca concentrations in solution were negatively correlated with Cu
contents in seedlings both with and without root plaque,
showing a slight reducing of Cu uptake by Ca. These results indicate that adsorption and translocation of heavy
metals in a submerged soil-plant system could be affected
by the presence of iron plaque on root surface and major
cations in soil solution.

KEYWORDS:
Soil pollution, heavy metal, plant accumulation, food safety

1. INTRODUCTION
Heavy metal pollution in agricultural soil has been
extensive in some areas, which put a threat to safe food
production [1, 2]. For instance, up to 1931 mg kg-1 of Cu
was found in an agricultural soil around a copper mine [3].
Contaminated by the sewerage from a smelting factory,
1073 mg kg-1 of Cu in paddy soil and about 8 mg kg-1 in
rice grains were detected [4]. Paddy rice (Oryza sativa L.)
is one of the most important crops in the world, especially
in Asia [5]. The elevated Cu level inhibits the rice growth
and development, and the accumulation of Cu in rice grains
is directly related to food safety. However, the relations of

soil Cu level to its toxicity and accumulation in rice plants
are not yet very clear [6, 7]. Therefore, the toxic trace metal
uptake in rice from paddy soil became an increasingly important issue, for which both the plant characteristics and
soil properties affecting metal bioavailability should be
taken into account, especially in the rhizo-sphere.
Different from most upland crops, paddy rice with
flooded cultivation practice has a common wetland plant
feature of forming iron plaque (iron-rich coating) on its
root surface [2, 8]. Due to the high capacity of functional
groups on iron hydroxides to sequester metal(loid)s via adsorption and/or co-precipitation, the availability of the
metal(loid)s in the rhizo-sphere can be affected by the root
iron plaque, and this may lead to changes in the uptake of
metal(loid)s by plants and corresponding phyto-toxicity.
The root iron plaque has been controversially reported to
act as a physical barrier blocking the uptake of heavy metals by wetland plants, or as a reservoir increasing uptake
[9], and this has been well-documented for wetland plant
species, such as reed and cattail. The root iron plaque of
rice was also shown to alleviate metal toxicity, such as that
of Al, As, Pb, Zn and alter their uptake [10, 11]. These results imply that heavy metal uptake by and translocation in
rice plants may also be affected by the presence of iron
plaque on the root surface. Such a mechanism for Cu to rice
deserved its investigation.
Although most studies on wetland plants have been focused on the role of iron plaque in the accumulation of a
single trace metal, major cat-ions, such as Ca2+ and Mg2+,
also exist in soil solutions, which may affect the toxicity
and bio-availability of cationic trace metals in soil by competition [12-14]. The mitigative effects of Ca2+ and Mg2+
on the rhizo-toxicity of Cu2+ and Zn2+ to wheat seedlings [15,
16], and the decrease of Cu uptake in lettuce by Ca2+ have
been demonstrated in hydroponic studies [17]. Furthermore,
a Biotic Ligand Model (BLM) considering chemical speciation has been proposed to describe the organism-metal interaction and to predict metal toxicity and/or bioavailability
[18]. In the BLM for plants, the biological effects are determined by the binding of cationic trace metal with the BL
(active sites on root surface), and major cat-ions in soil solution compete for the metal binding sites at the root-solution interface which, thereby, mitigate the toxicity and/or
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decrease the uptake of trace metals [16, 19]. Nevertheless,
nearly all the published studies on BLM were based on
plants without root plaque, and the effects of major cat-ions
on heavy metals uptake by wetland plants with iron plaque
remain unknown.
Integrating the significant effects of cationic composition of soil solutions and root iron plaque of wetland plant
on the phyto-availability of heavy metals in soil, the rice
uptake of Cu at different Ca2+ or Mg2+ levels was researched by the present hydroponic study. The key objective and innovative idea is, for the first time, to investigate
the effects of typical divalent cat-ions on heavy metal pollutant uptake of typical plants with iron plaque on the root
surface.
2. MATERIALS AND METHODS
2.1. Pre-culture of rice seedlings

Seeds of rice (Oryza sativa L.), Jiahua 1, were obtained
from Zhejiang Academy of Agricultural Sciences, China.
The seeds were surface-sterilized in 30% H2O2 solution for
15 min, rinsed thoroughly with deionized water, and then,
germinated in moist acid-washed quartz sand for 10 days.
Uniform seedlings were selected and transplanted into a PVC
basin (80×40×16.5 cm), filled with 52.8 L of 1/3 strength nutrient solution. The ingredients of the full strength nutrient
solution consist of 5.0 mM NH4NO3, 2.0 mM K2SO4, 4.0 mM
CaCl2, 1.5 mM MgSO4·7H2O, 1.3 mM KH2PO4; 50 μM
Fe-EDTA, 10 μM H3BO4, 1.0 μM ZnSO4·7H2O, 1.0 μM
CuSO4·5H2O, 5.0 μM MnSO4·H2O, 0.5 μM Na2MoO4·2H2O,
and 0.2 μM CoSO4·7H2O [20]. The nutrient solution was adjusted to pH 5.5 by 1 M KOH or HCl and changed every
3 days. The seedlings were grown for 3 weeks in a controlled growth chamber with temperature averaged at 25 °C
and a 14-h light period per day.
2.2. Experimental treatments

The 4-week-old pre-cultured seedlings with a uniform
size were selected and transplanted into 54 blackened PVC
pots containing 1 L of solution and 3 plants per pot. Seedlings in 27 pots of them were induced for iron plaque as
follows: For iron plaque induction, deionized water
washed seedlings were treated with 1 L solution of 50 mg
L-1 ferrous ions (Fe2+ as FeSO4·7H2O, pH 5.5), each pot for
24 h. Plaque was visible on root surface as an orange colour
deposit. Then, all seedlings were grow in 1/3 strength nutrient solution pot for 2 days before exposure to Cu.
In order to investigate the effects of different major cations on Cu uptake by rice seedlings, the experiment was designed with 3 factors: Cu2+ level (3 concentrations: 0.33, 2.0,
and 5.0 μM) and competitive cations of Ca2+ (2 levels: 1.33
and 8.0 mM) or Mg2+ (2 levels: 0.5 and 2.0 mM) in solution,
and with/without iron plaque on roots. The selected cat-ion
concentrations were based on the ranges occurring in natural
soil solutions. The concentrations of 0.33 μM Cu, 1.33 mM
Ca, and 0.5 mM Mg were combined in the nutrient solution

considered as a control. Given the complexing effect on
metal speciation, iron in nutrient solution was provided at
1.8 μM as FeSO4 without EDTA [21], and pH 5.5 of nutrient
solution was buffered with 2mM 2-(N-morpholino)ethanesulfonic acid (MES). In total, there were 18 treatments with
3 replicates, arranged in a randomized block design. Plants
were then grown in solution with treatments for 10 days.
2.3. Chemical analysis

At the end of the experiment, all plants were harvested,
divided into roots and shoots, and rinsed thoroughly with
deionized water. Iron-coating on fresh root surfaces was
extracted by dithionite-citrate-bicarbonate (DCB) using a
modified method [22]. The whole root of seedlings from a
pot was incubated for 60 min at room temperature (25 °C)
in 40 ml of a solution containing 0.03 M sodium citrate
(Na3C6H5O7·2H2O) and 0.125 M sodium bicarbonate (NaHCO3), with the addition of 0.6 g sodium dithionite
(Na2S2O4). Roots were rinsed for 3 times with deionized
water that was added to the DCB extracts. The resulting
solution was made up to 100 ml with deionized water, and
then filtered through a Whatman 42 filter paper for analysis. After DCB extraction, roots and shoots were ovendried at 65 °C and weighed, and then, digested by conc.
HNO3. A reagent blank and a standard reference material
(tomato, GSB 07-1264-2000, Chinese National Certified
Reference Material) were included for quality control. The
concentrations of Cu, Ca, Mg and Fe in the digests and
DCB-extracts were determined by atomic absorption spectrophotometry (AAS, Thermo Elemental M6, USA). Results
were presented for metal concentrations in aerial parts
(shoots), iron plaque (DCB extract), and roots after plaque
was removed (roots), respectively, on the basis of dry
weight.
2.4. Statistical analysis

Analysis of variance (ANOVA) and correlation analyses were performed for data over treatments using SPSS 17.
3. RESULTS AND DISCUSSION
3.1. Dry weights of rice seedlings with and without plaque

Dry weights of rice seedling roots with iron plaque
were slightly lower than seedlings without root plaque, as
shown in Fig. 1. It has been found that when exposed to
excess of Zn, rice with root plaque had a significantly
larger biomass than those without plaque, showing the
amelioration of metal toxicity by iron plaque on roots;
however, it was also reported that shoot weights of cattail
were unaffected by iron plaque when no or low concentrations of Cu were supplied in nutrient solution, whereas
heavy iron plaque significantly decreased the root and
shoot weights when higher concentrations of Cu were supplied [10]. The dry weights of rice seedlings treated with
50 mg L-1 Fe were lower than those without iron plaque
[23], but the Fe treatment had no significant effect on
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60

the growth of rice plants grown in nutrient solution with
0.5 mg L−1 As [24]. In this study, the Cu concentrations
chosen were relatively low and did not cause acute toxicity
to the rice seedlings; thus, the phenomenon might be induced by slight Fe toxicity at high Fe supply.
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FIGURE 1 - Comparisons between dry weight (DW) of rice seedlings
with and without root plaque by all the same solution treatments (Cu,
Ca, Mg). Data are means ± SD (n=3) and diagonal line is 1:1.
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The Cu concentrations in the roots with iron plaque
were lower than those without iron plaque, while the Cu
concentrations in the shoots were slightly less (Fig. 2). It
suggests the barrier role of iron plaque, which significantly
accumulates Cu, which was also found for root Ca and Mg
(Fig. 2). Some researchers [25] observed that the iron
plaque on root surface may act as a barrier to toxic metals,
which may be achieved by adsorption onto iron compounds
or co-precipitation. However, some investigations showed
contrarily that the presence of plaque did not impede metal
uptake. For instance, Ye et al. [26] found that the root
plaque did not alter Cu uptake and translocation, and even
increased Ni uptake and translocation in cattail. In this
study, the root plaque reduced the uptake of Cu but did not
block its translocation from roots to shoots. The elevated
Cu concentrations in the root compared to those in shoot
tissue suggested that rice plants may adopt exclusion (ex-
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FIGURE 2 - Comparisons between metal accumulation by rice seedlings with and without root plaque by all the same solution treatments
(Cu, Ca, Mg). Data are means ± SD (n=3) and diagonal line is 1:1.
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ternal and/or internal) mechanisms to hinder translocation
of metals to the aerial tissue. Iron plaque could be a sink to
sequestrate metals out of the root, but the effect of iron
plaque on metal uptake by plants may be determined by
various factors, such as type and concentration of metals
and species of plants.
3.3. Effects of cations on Cu uptake by rice with and without
root plaque

The Cu contents in the plaque, roots and shoots all increased with increasing Cu level in the solutions (Fig. 3).
Though no significant effect of Mg2+ was found for root or
shoot Cu contents, Ca2+ in the solutions affected the root
Cu contents significantly. According to the correlation
analyses of Cu concentrations in plant parts to Cu, Ca, or
Mg concentrations in solutions (Table 1), respectively, the
Ca levels were negatively correlated with Cu contents in

60

CK
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2 mM Mg
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shoot Cu (mg kg )
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seedlings, regardless of with or without root iron plaque. It
indicated a slight decrease of Cu uptake by Ca2+ in the solution, partly supported by the results of Ca for competitive
uptake. The major cat-ions in soil solution have been
demonstrated as an important factor in influencing metals
uptake by terrestrial plants, without root iron plaque by
competition [7]. For instance, the Cu uptake in lettuce was
decreased by Ca2+ in hydroponic studies [17]. On the other
hand, as a barrier on the root-solution interface of wetland
plants, the iron plaque on root surface may act as an inorganic ligand, similar to the solid phase of soil [27], which
plays a role in competing for cat-ions with the biotic ligand
of the root [16, 19]. The iron plaque masked the effects of
cat-ions at the root surface interfered with the movement
of metals into the root.
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FIGURE 3 - Cu accumulated by rice seedlings without (A, B) and with (C, D, E) root iron plaque supplied with different Cu, Ca, Mg concentrations in solutions. Data are means ± SD (n=3).
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TABLE 1 - Pearson correlation coefficients between Cu concentrations in
different plant fractions and Cu, Ca, Mg concentrations in solutions (n = 9).
Without plaque
Shoot Cu
Root Cu
Plaque Cu
Solution Cu
Solution Mg
Solution Ca

Shoot Cu
0.780*
0.856**
0.254
-0.161

With plaque

Root Cu

Shoot Cu
0.754*
0.689*
0.775*
0.265
-0.168

0.954***
0.071
-0.238

Root Cu

Plaque Cu

0.914***
0.968***
0.036
-0.149

0.929***
0.269
-0.096

*, ** and ***, correlations are significant at the 0.05, 0.01 and 0.001 level respectively.

4. CONCLUSIONS
Although the risks of heavy metals in agricultural soils
were mainly assessed by total concentration, their biological effects were usually shown as plant species-specific and
site-specific. Therefore, both the physicochemical properties of soil (solution) and biological characteristics of the
plant, which influence bioavailability of heavy metals in
soils, should be taken into account in the risk assessments.
As an important crop species, the presence of iron plaques
on the root surface reduced the Cu uptake by rice seedlings
in simulated soil solution, but did not prevent its translocation from root to shoot. While rice Cu uptake was slightly
decreased by Ca in solution, the root plaque masked the
effects of external major cat-ions at the root surface interfered with the movement of heavy metals into the plant.
The newly extended BLM predicting bioavailability for
heavy metals in submerged soil-plant system needs to be
developed.
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EFFECTS OF SOME PLANT EXTRACTS ON
TUTA ABSOLUTA (MEYRICK, 1917) (LEPIDOPTERA:
GELECHIIDAE) UNDER LABORATORY CONDITIONS
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rope from the east part of Spain, in the end of 2006 [5], and
spread to other Mediterranean and European countries [6].

ABSTRACT
Tomato is one of the most important vegetables grown
in Turkey. Tomato leaf-miner, Tuta absoluta (Meyrick,
1917) (Lepidoptera: Gelechiidae) has caused serious losses
in tomato production since 2009. This pest can feed on all
green parts of tomato plants and can cause crop losses up
to 100%, if not controlled. Growers use insecticides two
times a week in order to control the pest. Intensive use of
pesticides causes environmental pollution and threatens
human health. In order to prevent such harmful effects of
pesticides, alternative chemicals gain importance.
In this study, Gamma-T-Ol, Fungatol, Fungatol+Neem
Spray (50.0-001) and Fungatol+Neem Spray (50.0-002)
plant extracts were tested against third or fourth stages of
Tomato leaf-miner using the dipping method. Assessments
were done according to live individual counts at the 1, 24,
48 and 72 HAA. Fungatol+Neem Spray (50.0-001) was
found to be the most effective extract while Fungatol was
moderately effective at the 72 HAA.
KEYWORDS:
Plant extract, tomato, tomato leaf-miner, Tuta absoluta

1. INTRODUCTION
Tomatoes (Solanumlycopersicum L.) (Solanaceae),
one of the major agricultural products in terms of both production and export volume, for the first time in Turkey,
were started to be grown in Adana. Consumption of tomatoes is quite common because it is cheap and has high nutritional value. Turkey is ranked as the fourth after China,
USA and India, with regards to the amount of tomato production [1]. The amount of tomatoes produced in Turkey
in 2013 amounted to about 11.8 million tons [2]. Also, tomato exports of Turkey are approximately 400 million
US$, which is 57% of total vegetable exports [3].
The main pest on tomato is the tomato leaf-miner Tuta
absoluta (Meyrick, 1917) (Lepidoptera: Gelechiidae)
originating from South America [4]. This pest entered Eu-

This pest that begun to be seen in Turkey since 2009
[7, 8] causes significant economic losses in product quality
and quantity, after it was spread rapidly in tomato fields, in
the recent years.
T. absoluta lays eggs on leaves by 73%, on veins and
stems by 21%, on sepals by 5%, and on fruits by 1% [9].
Larvae of this pest have the high potential for harm in tomato fields, and do not enter diapause as long as sufficient
food is available, and the pest can give 10-12 generations
per year under appropriate climatic conditions [10].The
pest can over-winter as eggs, pupae and adults. This olygophagous pest cannot only feed on tomatoes, but also other
crops and weeds from Solanaceae family [10, 11], and larvae of this pest feed on leaves, shoots, stems, flowers and
fruits of tomatoes, but only on leaves and stems or tubers
of other hosts [12]. Larvae of this pest build transparent
galleries between the lower and upper epidermises in tomato leaves by feeding on mesophyll tissues, and then, the
transparent gaps necrotic change to brown. It is suggested
that this pest destroyed the market value of tomatoes
largely, and can even cause crop losses up to 100%, if not
controlled [10, 13]. In addition to this, it is reported that the
pest can cause economic losses in the rate of 1-5%, even
when applying specific control against it [13].
At the present time, the most effective method of pest
control is usage of chemical substances. However, the excessive and unconscious usage of chemicals leads to environmental pollution and depredation. It is clearly known
that many chemicals using for the pest control have adverse
effects on non-target organisms in agro-ecosystem. Nevertheless, intensive usage of synthetic chemicals brings about
residual problems on products and development of pest resistance [14]. It is pointed out that the pest has resistance
against abamectin, cartap, methamidophos, permethrin and
deltamethrin active ingredients [15-17]. Also, usage of the
control methods that can be applied within the scope of integrated pest management, such as biological control, is not
possible because of intensive chemical applications. There
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is an urgent need for the studies on alternative control methods for this pest, which has a high damage potential [18].
As an alternative control method to pests, performing
the studies on the effect of plant extracts, which has low
risk of pest resistance development, is important in the
sense of environmental and human health as well as the national economy. The number of studies on effects of plant
extracts on pests has been started to increase, recently [1924]. Moreover, it is stated that the number of plants, extracts of which have an impact on pests, is approximately
2000 [19].
For the reasons aforementioned, the study claimed to
find out the effect of Gamma-T-Ol, Fungatol, Fungatol+Neem Spray (50.0-001) and Fungatol+Neem Spray
(50.0-002) on larvae of T. absoluta. Hereby, increasing the
use of plant extracts, which has low risk of pest resistance
development, will contribute to the reduction of negative
effects on environmental and human health, and as a result
of this, a more economical agricultural production will be
carried out.

applications, larvae with two small tomato leaves were
transferred into petri dishes (5 cm diameter x 8 cm height,
at the base of which blotting paper was located, and the
petri dishes in plastic trays were kept in a climate chamber
set to 26 ºC, relative humidity of 60%, and a photo-period
of 16:8 h. Assessments were done according to live individual counts at the 1, 24, 48 and 72 HAA (Hours After
Application).
The experiment was arranged in a completely randomized pot design with 10 replicates for each concentration of
plant extracts. Also, the percentage effects of different concentrations of plant extracts were calculated by Abbott’s
formula [25, 26]. The percentage values were then transformed into √x+5 values, according to Bartlett’s Homogeneity Variance Test of statistical analysis. Afterwards,
transformed values were submitted to One-Way ANOVA,
and then, means were separated by Tukey’s test (P = 0.05),
using statistical software SPSS® (Version 15.00, November
2006, SPSS Inc., Chicago, IL, USA.). The means given in
the tables were transformed values of percentage data calculated by Abbott’s formula.

2. MATERIALS AND METHODS
3. RESULTS
The main material of the study consisted of tomato
plant (Solanumlycopersicum L.) (Solanaceae), the third
and fourth instar larvae of Tuta absoluta (Meyrick, 1917)
(Lepidoptera: Gelechiidae), Gamma-T-Ol, Fungatol, Fungatol+Neem Sprey (50.0-001), and Fungatol+Neem Sprey
(50.0-002) plant extracts.
The third and fourth instar larvae of Tuta absoluta used
in the experiment were provided from the stock insect culture generated under controlled climate room conditions at
26±1 ºC, relative humidity 60±5%, and a photo-period of
16:8 h, from larvae of T. absoluta collected in tomato
greenhouses in Antalya. Five different concentrations of
the extracts were used in the experiment, including 0.25,
0.50, 0.75, 1.00 and 1.25% in proportions. Also, distilled
water was used as a control to compare with the different
concentrations of the extracts. All concentrations of the extracts were applied by the dipping method. For this purpose, 5 larvae placed into a small piece of net, were submerged in the solution of plant extract for 5 seconds. After

The study investigated the effects of Gamma-T-Ol,
Fungatol, Fungatol+Neem Spray (50.0-001) and Fungatol+NeemSpray (50.0-002) plant extracts at 5 different
concentrations on Tuta absoluta under laboratory conditions. The results of the study were examined separately for
each plant extract. The study, in which the effect of the
time was also assessed as well as the effect of different concentrations, demonstrated that the activities of plant extracts increased depending on time (Tables 1-4).
The highest effect of Gamma-T-Ol on larvae of T. absoluta at the 1 HAA was determined at 0.25% concentration.
Effects of 1.00 and 1.25% concentrations were in the same
statistical group. The control was included in the different
statistical groups from these concentrations. The extract concentrations of 0.50 and 0.75% were involved in the same statistical group with the control. Also Gamma-T-Ol extract
reached the highest effect at the concentration of 0.75% after
72 h of applications (Table 1).

TABLE 1 – Effects of Gamma-T-Ol on larvae of Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) at the 1, 24, 48 and 72 HAA*
Concentrations
1 HAA
24 HAA
48 HAA
72 HAA
0.28±0.03 cA
0.48±0.06 bcA
0.66±0.06 aAB
0.72±0.04 a AB
0.25%
0.06±0.03 cBC
0.38±0.06 bAB
0.58±0.06 a A
0.72±0.06 a AB
0.50%
0.08±0.03 cBC
0.56±0.04 bA
0.66±0.04 a AB
0.82±0.03 a A
0.75%
0.20±0.07 cAB
0.40±0.11 bAB
0.52±0.07 a AB
0.55±0.08 a B
1.00%
0.14±0.03 bAB
0.24±0.04 bB
0.50±0.03 a A
0.70±0.03 a AB
1.25%
0.00±0.00 bC
0.16±0.16 abC
0.20±0.15 ab B
0.24±0.14 a C
Control
*Means (± standard error) in the same row followed by the same lowercase letter, and in the same column followed by the same uppercase letter do not
differ significantly (p>0.05; n=10, total 50 larvae for each application), according to Tukey’s test. The means given in the table are transformed values of
percentage data calculated by Abbott’s formula. All data were analyzed using SPSS® (Version 15.00, November 2006, SPSS Inc., Chicago, IL., USA).
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The highest effect of Fungatol on larvae of T. absoluta
at the 1 HAA was seen at 1.00% concentration. This concentration was followed by 0.25% concentration of the extract, and the difference between the concentrations of 0.25
and 1.00% was not statistically very significant. After these
concentrations, the highest effect was shown by 0.50%
concentration. The effect of this concentration at the 1 HAA
was not found to be significantly different from the effect
of 0.25% concentration. However, the concentration of
0.50% was statistically different from 1.00% concentration
of Fungatol. The effects of the concentrations of 0.75 and
1.25% were in the different statistical groups from other
concentrations of Fungatol and the control. When the highest effects at 24 and 48 HAA were obtained from 0.25%
concentration of Fungatol, the highest effect at 72 HAA
was seen at 1.00% concentration of the extract. The effects
of all concentrations of Fungatol were located in the different statistical groups from the control at all assessments
made after the application (Table 2).
At all assessments made after the application, the mixture of Fungatol+Neem Sprey (50.0-001) plant extracts
showed the highest effects at 0.75 and 1.00% concentrations. The highest effect of the extract mixture after these
concentrations is seen at the mixture concentration of
0.25%, followed by that of 0.50%. All concentrations of
the extract mixture at all assessments made after the application were involved in a different statistical group from
the control. The mixture concentrations of 0.75 and 1.00%

were in the same statistical group, in all assessments made
at the 1, 24, 48 and 72 HAA. All concentrations of the extract mixture, except 1.25%, took part in the same statistical group at the 72 HAA (Table 3).
The differences between the control and all concentrations of the mixture of Fungatol+Neem Sprey (50.0-002)
plant extracts were found to be statistically significant at
all assessments made after the application. The largest effect of the mixture at the 1 HAA was determined at 0.25%
concentration, followed by 0.75% of the extract mixture.
The difference between these concentrations was not
highly statistically significant. The highest effect at the 24
and 48 HAA was seen at the concentration of 0.75%. However, the effect of this concentration was moderately significant compared to those of 0.25 and 0.50% concentrations of Fungatol+Neem Sprey (50.0-002). All concentrations of the extract mixture were in the same statistical
group at the 72 HAA (Table 4).
The highest effects of plant extracts used in the experiment were obtained at the concentrations of 0.75 and
1.00% (Tables 1-4). Therefore, these concentrations of the
extracts were thought to be useful to compare. Table 5
shows the efficacy of the extract concentration of 0.75% at
the 1, 24, 48 and 72 HAA. Fungatol+Neem Sprey (50.0001), among all extracts, was the most active one at 0.75%
concentration. This extract was followed by Fungatol+
Neem Sprey (50.0-002). Gamma-T-Ol and Fungatol extracts being in the same statistical group at the 1 HAA.

TABLE 2 – Effects of Fungatol on larvae of Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) at the 1, 24, 48 and 72 HAA*
Concentrations
1 HAA
24 HAA
48 HAA
72 HAA
0.52±0.03 b AB
0.70±0.04 b A
0.87±0.04 a A
0.89±0.04 a AB
0.25%
0.40±0.06 c B
0.54±0.05 c A
0.78±0.03 b AB
0.92±0.03 a AB
0.50%
0.16±0.07 c C
0.35±0.11 b B
0.71±0.07 A B
0.70±0.09 a B
0.75%
0.61±0.07 b A
0.64±0.08 b A
0.77±0.04 b AB
0.95±0.03 a A
1.00%
0.14±0.04 c C
0.18±0.04 c Bc
0.38±0.06 b C
0.60±0.05 a C
1.25%
0.00±0.00 b D
0.08±0.04 a C
0.10±0.06 a D
0.10±0.06 a D
Control
*Means (± standard error) in the same row, followed by the same lowercase letter, and in the same column followed by the same uppercase letter, do
not differ significantly (p>0.05; n=10, total 50 larvae for each application), according to Tukey’s test. The means given in the table are transformed
values of percentage data calculated by Abbott’s formula. All data were analyzed using SPSS® (Version 15.00, November 2006, SPSS Inc., Chicago,
IL., USA).

TABLE 3 – Effects of Fungatol+Neem Sprey (50.0-001) on larvae of Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) at the 1, 24, 48 and 72 HAA*
Concentrations
1 HAA
24 HAA
48 HAA
72 HAA
0.61±0.03 c A
0.73±0.03 bc AB
0.81±0.03 b B
0.93±0.03 a A
0.25%
0.20±0.04 c B
0.58±0.07 b B
0.88±0.03 a B
0.90±0.03 a A
0.50%
0.64±0.04 c A
0.84±0.04 b A
1.00±0.00 a A
1.00±0.00 a A
0.75%
0.70±0.06 c A
0.80±0.07 bc A
0.92±0.04 ab AB
0.96±0.02 a A
1.00%
0.20±0.04 c B
0.32±0.05 bc C
0.44±0.05 ab C
0.62±0.06 a B
1.25%
0.00±0.00 a C
0.04±0.03 a D
0.04±0.04 a D
0.04±0.04 a C
Control
*Means (± standard error) in the same row, followed by the same lowercase letter, and in the same column followed by the same uppercase letter, do
not differ significantly (p>0.05; n=10, total 50 larvae for each application), according to Tukey’s test. The means given in the table are transformed
values of percentage data calculated by Abbott’s formula. All data were analyzed using SPSS® (Version 15.00, November 2006, SPSS Inc., Chicago,
IL., USA).
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TABLE 4 – Effects of Fungatol+Neem Sprey (50.0-002) on larvae of Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) at the 1, 24,
48 and 72 HAA*
Concentrations
1 HAA
24 HAA
48 HAA
72 HAA
0.37±0.07 c A
0.46±0.07 bc AB
0.60±0.07 ab AB
0.73±0.07 a A
0.25%
0.18±0.05 c BC
0.38±0.06 b AB
0.58±0.06 a AB
0.70±0.07 a A
0.50%
0.34±0.07 b AB
0.58±0.08 a A
0.68±0.06 a A
0.76±0.05 a A
0.75%
0.13±0.04 c C
0.28±0.07 bc B
0.45±0.07 b B
0.75±0.06 a A
1.00%
0.14±0.04 c C
0.32±0.06 b B
0.42±0.06 ab B
0.62±0.04 a A
1.25%
0.00±0.00 a D
0.08±0.04 a C
0.08±0.04 a C
0.08±0.04 a B
Control
*Means (± standard error) in the same row, followed by the same lowercase letter, and in the same column, followed by the same uppercase letter, do
not differ significantly (p>0.05; n=10, total 50 larvae for each application), according to Tukey’s test. The means given in the table are transformed
values of percentage data calculated by Abbott’s formula. All data were analyzed using SPSS® (Version 15.00, November 2006, SPSS Inc., Chicago,
IL., USA).

TABLE 5 – Effects of plant extracts used at a concentration of 0.75% in the experiment on larvae of Tuta absoluta (Meyrick) (Lepidoptera:
Gelechiidae) at the 1, 24, 48 and 72 HAA*.
Plant extracts
1 HAA
24 HAA
48 HAA
72 HAA
0.08±0.03 C
0.56±0.04 B
0.66±0.04 B
0.82±0.03 B
Gamma-T-Ol
0.16±0.07 C
0.35±0.11 C
0.71±0.07 B
0.70±0.09 B
Fungatol
0.64±0.04 A
0.84±0.04 A
1.00±0.00 A
1.00±0.00 A
Fungatol+NeemSprey (50.0-001)
0.34±0.07 B
0.58±0.08 B
0.68±0.06 B
0.76±0.05 B
Fungatol+NeemSprey (50.0-002)
*Means (± standard error) in the same column, followed by the same letter, do not differ significantly (p>0.05; n=10, total 50 larvae for each application),
according to Tukey’s test. The means given in the table are transformed values of percentage data calculated by Abbott’s formula. All data were analyzed
using SPSS® (Version 15.00, November 2006, SPSS Inc., Chicago, IL., USA).

TABLE 6 – Effects of plant extracts used at a concentration of 1.00% in thee xperiment on larvae of Tuta absoluta (Meyrick) (Lepidoptera:
Gelechiidae) at the 1, 24, 48 and 72 HAA*.
Plant extracts
1 HAA
24 HAA
48 HAA
72 HAA
0.20±0.07 B
0.40±0.11 C
0.52±0.07 C
0.55±0.08 C
Gamma-T-Ol
0.61±0.07 A
0.64±0.08 B
0.77±0.04 B
0.95±0.03 A
Fungatol
0.70±0.06 A
0.80±0.07 A
0.92±0.04 A
0.96±0.02 A
Fungatol+NeemSprey (50.0-001)
0.13±0.04 B
0.28±0.07 C
0.45±0.07 C
0.75±0.06 B
Fungatol+NeemSprey (50.0-002)
*Means (± standard error) in the same column, followed by the same letter, do not differ significantly (p>0.05; n=10, total 50 larvae for each application),
according to Tukey’s test. The means given in the table are transformed values of percentage data calculated by Abbott’s formula. All data were analyzed
using SPSS® (Version 15.00, November 2006, SPSS Inc., Chicago, IL., USA).

Fungatol+Neem Sprey (50.0-001) was followed by
Gamma-T-Ol and Fungatol+Neem Sprey (50.0-002) at the
24 HAA. Gamma-T-Ol and Fungatol+Neem Sprey (50.0002) were involved in the same statistical group at the
24 HAA. The differences between Gamma-T-Ol, Fungatol
and Fungatol+Neem Sprey (50.0-002) were not found to be
statistically significant while Fungatol+Neem Sprey (50.0001), which was seen as the most effective extract at all
assessments made after the application, was in a separate
statistical group (Table 5).
The efficacies of the extract concentration of 1.00% at
the 1, 24, 48 and 72 HAA are seen in Table 6. Fungatol and
Fungatol+Neem Sprey (50.0-001) took part in the different
statistical groups from Gamma-T-Ol and Fungatol+Neem
Sprey at the 1 HAA. Fungatol+Neem Sprey (50.0-001) was
the most effective extract in assessments made at the 24
and 48 HAA, and the extract was followed by Fungatol.
Also, Fungatol and Fungatol+Neem Sprey (50.0-001) were
located in the same statistical group at the 72 HAA. Fungatol+Neem Sprey (50.0-002) followed these extracts, and
is involved in a different statistical group (Table 6).

4. DISCUSSION
The study investigated the efficacies of 0.25, 0.50, 0.75,
1.00 and 1.25% concentrations of Gamma-T-Ol, Fungatol,
Fungatol+Neem Spray (50.0-001) and Fungatol+Neem
Spray (50.0-002) plant extracts on larvae of Tutaabsolutaunder laboratory conditions. The results of the study indicated
that the efficacies of plant extracts increased depending on
the time.
A study by Iramu (2012) [23] reported that Fungatol,
Gamma-T-Ol, Fungatol+Neem and Gamma-T-Ol+Neem
extracts were highly effective on Aphis gossypii. In the
same study, it is noticed that LC50 values of Fungatol+Neem and Gamma-T-Ol+Neem were, respectively,
2.78 and 0.76%, if applied by the dipping method, and also
LC50 values of Fungatol, Gamma-T-Ol, Fungatol+Neem
and Gamma-T-Ol+Neem, when applied by the spraying
method, were 0.37, 0.27, 0.18 and 0.52% under laboratory
conditions, and 0.17, 0.18, 0.45 and 0.75% in greenhouse
conditions. In addition to this, it is reported that these extracts have different impact mechanisms on A. gossypii and
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low effects on the parasitoid of A. gossypii (Hymenoptera:
Aphidiinae). For these reasons, the use of these extracts
against A. gossypii as part of integrated pest management
was reported to be appropriate.
Durmuşoğluet al. (2011) [22] investigated the effect of
Anonin, Azadirachtin, Karanjin and their mixtures on larvae of T. absoluta. The results of this study demonstrated
that Anonin, Azadirachtin and their mixtures can be a good
alternative to currently used chemicals against this pest in
greenhouse and field conditions. The study on the impacts
of neem oil on T. absoluta, as an alternative to synthetic
chemicals was conducted by Coelho Junior and Deschamps
(2014) [27], they noticed that neem oil has anti-feedant and
insecticidal effects on T. absoluta. Şenel (2013) [24] examined the effects of different concentrations of ethanol and
hexane extracts of Laurusnobilis L. and Rosmarinus officinalis L. on different biological stages of T. absoluta. The
study showed that extracts of both plants affect egg-laying
behaviour of the pest at rates up to 100%, and besides, it
was expressed in the study that efficacies of plant extracts
also increased up to 100% with rising concentration at the
applications made in both egg and larvae stages of the pest.
The study of Gonçalves-Gervásio and Vendramim (2004)
[20] stated that water and chloroform extracts of leaves of
Trichilia pallida have a trans-laminar effect on T. absoluta
and affected the development of the pest.

In case of the application of chemical control against
the concerned pest, the use of plant-originating extracts
with a low risk of pest resistance development will contribute to a more economical agricultural production, as well
as the reduction of negative effects on environmental and
human health.
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The results of statistical analyses of the present study
demonstrated that the highest effects of plant extracts used
in the experiment were seen at 0.75 and 1.00% concentrations. Fungatol+Neem Spray (50.0-001), among all extracts,
was the most active extract in all assessments made at the 1,
24, 48 and 72 HAA at 0.75% level. This extract was followed by Fungatol+Neem Spray (50.0-002) at the 1 HAA
while Fungatol+NeemSprey (50.0-001) became the most
effective extract at the 24 HAA as well as Gamma-T-Ol
and Fungatol+Neem Spray (50.0-002) following this extract.
Considering the effects of extracts at 1.00% concentrations at the 1 HAA, Fungatol and Fungatol+Neem Spray
(50.0-001) were the most effective extracts, followed by
Gamma-T-OlveFungatol+Neem Spray (50.0-002). In the
assessments made at the 24 and 48 HAA, the most active
extract was Fungatol+Neem Spray (50.0-001). Effects of
Fungatol and Fungatol+Neem Spray (50.0-001) were similar at the 72 HAA. These two extracts were followed by
Fungatol+Neem Spray (50.0-002).
Consequently, the study demonstrated that the highest
effects of plant extracts on larvae of T. absoluta were at the
concentrations of 0.75 and 1.00%, and it is also seen that
Fungatol has a moderately impact on larvae of T. absolutaat the 72 HAA. In addition, Fungatol+Neem Spray (50.0001) in these plant extracts was determined to be the most
effective one. As a result of this study, it is concluded that
effects of these plant extracts on T. absoluta should be investigated in greenhouse conditions and large areas.
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ABSTRACT
In this study, it was aimed to review saccharine’s genotoxicity and carcinogenicity. Saccharine is one of the
most common sweeteners like aspartame, acesulfame K,
and cyclamates. It is not metabolized in the gastrointestinal
(GI) tract and, therefore, does not affect blood insulin levels. Saccharine -300 times sweeter than sucrose- is commonly used in many foods like soft drinks, baked goods,
jams, canned fruits, candy, salad dressings, dessert etc. Because saccharine is consumed by millions of people, including children and even fetuses, it takes great public
health significance, and great of interest to the public about
its safety. Too many studies have been done for the safety
of saccharine. In this study, it was reviewed the all literatures between 1975 and 2014 about saccharine’s safety.
According to the literature, genotoxicity and carcinogenicity of saccharine is still confusing. So, consumers should
be careful to the consumption of this artificial sweetener.

KEYWORDS:
Saccharine, safety, genotoxicity, carcinogenicity, nutrition

1. INTRODUCTION
Artificial sweeteners are used as sugar substitutes in
called “zero” or “light”- beverages, foodstuffs, pharmaceuticals and personnel care products [2]. They have been used
by consumers to achieve a sweet taste, for reasons of economics, blood glucose control, or energy control [2]. The
most common sweeteners are aspartame, acesulfame K, saccharin, and cyclamates. The first generation of the sweetener
saccharin was produced in 1878 by Constantin Fahlberg [3].
Although saccharin was commercialized not long after its
discovery, it was not until sugar shortages during World
War I, that its use became widespread. Its popularity further
increased during the 1960s and 1970s, since saccharin is a
calorie-free sweetener [3]. Saccharin was originally listed
as GRAS. FDA proposed a ban on saccharin under the
Delaney Clause because of an association with bladder
cancer in laboratory animals in 1958 [2]. Not convinced of
saccharin's safety, because of the (inconsistent) evidence of

bladder tumors in saccharin-treated F1 male rats, the FDA
proposed a ban on its use as a food additive [4]. In 1996,
the ban was withdrawn and the zero-risk standard changed
to one of “reasonable certainty of no harm.” In 2000, saccharin was widely used, often in combination with other
sweeteners [2].
Saccharin (1,1-dioxo-1,2-benzothiazol-3-one) is
300 times sweeter than sucrose [5]. It is not metabolized in
the body and is heat-stable [6]. In the food industry, it is
commonly used in soft drinks, baked goods, jams, canned
fruit, candy, salad dressings, dessert toppings, and chewing
gum, in addition to being used as a tabletop sweetener. An
important characteristic of saccharin is that its sweetening
power is not reduced when heated, which makes it an excellent candidate as an additive in low-caloric and sugarfree products. Saccharin is not metabolized in the gastrointestinal (GI) tract and, therefore, does not affect blood insulin levels [7]. For the risk characterization of non-nutritive sweeteners, the Joint Food and Agriculture Organization/World Health Organization Expert Committee on Food
Additives (JECFA) had established an acceptable daily intake (ADI) of 5 mg/kg body weight for saccharin (SAC),
European Union, US FDA, Japan, France, China and Taiwan [8]. As per a 2010 report in Current Oncology, one
would have to drink about 800 twelve-ounce diet sodas
containing saccharin to reach doses that can induce carcinogenesis [9].
Concerns with regard to the safety of saccharin are of
great public health significance and of great interest to the
public, because saccharin is consumed by tens of millions
of people, including children and even fetuses. Any evidence of carcinogenesis -- and there is ample such evidence
-- of such a widely used chemical should spur health officials to minimize human exposure to it [10]
There are lots of studies about saccharin effects on
health. Some studies found that use of saccharin is associated with an increased feeling of hunger [11-13]. A rat
study showed that their diets were sweetened with saccharin for over 5 weeks, presented greater weight gain and adiposity, as well as a decrease in the central body temperature, when compared to glucose supplementation [14]. In
another study, it was found that when taken together, the
use of aspartame, acesulfame, cyclamate and saccharin in
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foods may be considered as safe, with regard to no effects
on CYP1A1 induction and activation of AhR and GR receptors [15]. A few epidemiological studies also found
some relationships between saccharin and bladder cancer
risk in humans [16-19], but most – and the largest – studies
found no association [20-22]. In this study, we aimed to
review geno-toxic and carcinogenic effects of saccharine.
2. METHODS
This survey was conducted to gather available information and providing an overall perspective on the genotoxicity and carcinogenicity of saccharin. A literature
search on genotoxicity and carcinogenicity of saccharin
was performed in the Pubmed, Scopus, Web of Science,
Science-Direct databases from year 1975 to 2014 (October). From the published literature, 11 genotoxicity studies
and 13 carcinogenicity studies were analyzed.
3. RESULTS
3.1 Genotoxicity

In reports of IARC [23, 24], Ashby [25], Tennant [26]
and Williams [27], saccharin was not active in in vitro
short-term and in vivo genotoxicity tests. However, it has
been found to induce SCE in human lymphocytes and plant
cells in vitro, at doses as high as 25–50 mM [28]. Jeffrey
and Williams [29] tested the geno-toxic activity of saccharin in the rat hepatocyte DNA repair assay (from F344 and
Sprague-Dawley rats). Authors have reported that saccharin was negative in this assay. Sasaki et al. [30] determined
the genotoxicity of sodium saccharin in male ddY mice using comet assay on the glandular stomach, colon, liver, kidney, urinary bladder, lung, brain, and bone marrow, and
24 h after treatment. A hundred, 1000 and 2000 mg/kg doses
for 3-h treatment and 2000 mg/kg dose for 24-h treatment
were orally administered to male mice. Sodium saccharin
significantly increased the DNA damage in the glandular
stomach and colon. Bandyopadhyay et al. [31] evaluated

the mutagenicity of the saccharin in the Ames/Salmonella/
microsome test and their genotoxic potential by comet assay in the bone marrow cells of Swiss albino mice. Fifty,
100, and 200 mg/kg bw of saccharin was orally administered. The comet parameters of DNA were increased in the
bone marrow cells due to the sweetener-induced DNA
strand breaks. However, none could act as a potential mutagen in the Ames/Salmonella/microsome test. Icsel and
Yılmaz [32] reported the interactions of fish sperm DNA
(FS-DNA) with the sodium salt of sweetener saccharin,
and its copper and zinc complexes. They used UV–VIS titration, fluorometric competition, thermal denaturation,
viscosity and gel electrophoresis measurements. They have
reported that Na(sac) and its metal complexes showed a
moderate DNA binding affinity. Frenzilli et al. [33] investigated the in-vitro activity of saccharin using alkaline and
neutral comet assays in human leukocytes. Zero, 1, 5, 25
and 50 mM concentrations of saccharin were used for each
experiment. In the first experiment, no effects were observed in alkaline conditions, whereas a significant increase at the dose of 50 mM at pH 8 was detected. In the
second experiment, negative results were obtained under
both pH conditions. Authors have concluded that saccharin
is negative in the SGCE assay.
3.2 Carcinogenicity

There has been some controversy about the carcinogenicity of saccharin in the past. Some feeding studies indicated that saccharin at high dosage produced tumors;
however, several animal studies demonstrated no carcinogenic effect of saccharin. Munro et al. [34] investigated the
carcinogenicity of saccharin in groups of 60 male and
60 female Charles River rats; 0, 90, 270, 810, or 2430 mg
saccharin/kg/day were administered to the animals for a period of 26 months. Food consumption, body weight, and
clinical examinations were conducted weekly on all rats.
Four bladder tumors were found in the treated animals. The
tumors were transitional cell papillomata. However, saccharin administration was not accompanied by an increase
in tumor incidence, although high doses were associated
with reduced body weight in both sexes, and decreased

TABLE 1 - Sum of the genotoxicity of saccharin.
Test material
in vitro short-term and
in vivo genotoxicity tests
Human lymphocytes
Plant
F344 and Sprague-Dawley rats
Male ddY mice
Salmonella typhimurium
Swiss albino mice
Fish sperm DNA
Human leukocytes
Footnote: + (Positive), - (Negative)

Genotoxic end-point

Results
-

Sister chromatid exchanges
Sister chromatid exchanges
Rat hepatocyte DNA repair assay
glandular stomach, colon, liver, kidney,
urinary bladder, lung, brain, and bone marrow comet assay
Ames
Comet assay
DNA binding affinity
Alkaline and neutral comet assays

+
+
+ (glandular stomach and colon)
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+
+/-

References
IARC [23, 24], Ashby [25],
Tennant [26]and Williams [27]
Zhang et al. [28]
Zhang et al. [28]
Jeffrey and Williams [29]
Sasaki et al. [30]
Bandyopadhyay et al. [31]
Bandyopadhyay et al. [31]
Icsel and Yılmaz [32]
Frenzilli et al [33]
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TABLE 2 -Sum of the carcinogenicity of saccharin in animal models.
Test material
Male and female Charles River
rats
Rats and mice

Rats
Monkey
Footnote: + (Positive), - (Negative)

Carcinogenicity model
Bladder tumors

Results
-

Reference
Munro et al. [34]

Bladder tumors
Bladder tumors
Bladder tumors
Bladder tumors
Bladder tumors

+
+
+

Bladder tumors

-

Howe et al. [16]
Reuber [37]
Risch et al. [35]
Morgan and Wong [36]
Cohen et al. [39], Zurlo and
Squire [38], Andreetta et al.
[19]
Takayama et al. [40]

TABLE 3 - Sum of the carcinogenicity of saccharin in epidemiological studies.
Study design
Human
Human
1953 cases and 4154 controls
254 bladder cancer patients and
254 Controls
598 cases and 1491 controls
304 cases and 743 controls
1031 cases and 2411 controls
460 cases and 1088 controls
2569 cases and 2588 controls
1294 cases and 1451 controls
767 cases and 1534 controls
51 patients and 87 controls
230 patients and 547 controls,
326 patients and 652 controls
454 patients and 908 controls
Footnote: + (Positive), - (Negative)

Carcinogenicity model
Bladder
Bladder
Colorectum
Bladder

Results
+

Reference
Armstrong and Doll [41]
Jensen and Kamby [42]
Francheschi et al. [46]
Yu et al. [43]

Oral cavity and pharynx
Oesophagus
Ovary
Larynx
Female breast
Prostate
Renal cell
Urinary tract
stomach
pancreas
endometrium

+
-

Francheschi et al. [47]
Bosetti et al. [48]
Bosetti et al. [49]
Bosetti et al. [50]
Tavani et al. [51]
Bosetti et al. [52]
Bravi et al. [53]
Andreatta et al. [19]
Bosetti et al. [54]
Bosetti et al. [54]
Bosetti et al. [54]

longevity in male rats. Howe et al. [16] reported a significantly increased risk for bladder cancer among saccharin
consumers. However, the work of Risch et al. [35]) and
Morgan and Wong [36] did not confirm this finding. Reuber [37] reported that saccharin is carcinogenic for the urinary bladder in rats and mice, and most likely is carcinogenic in human beings. The neoplasms of the urinary bladder are malignant, invade and metastasize. Male rats are
more susceptible to urinary bladder carcinogenesis than female rats. Even though carcinomas of the urinary bladder
are present in rats given the higher doses of saccharin, one
was observed in a female rat given 0.5%. Experimental
studies show also that sodium saccharin induces calcium
phosphate precipitates in rat urine, which causes irritation,
hyperplasia and, ultimately, tumors [19, 38, 39]. Takayama
et al. [40] investigated the sodium saccharin (25 mg/kg)
carcinogenicity on 20 monkeys, for up to 24 years. Authors
have reported that none of the animals developed bladder
cancer or urothelial proliferations.
3.3 Epidemiological works

Armstrong and Doll [41] analyzed 19 709 deaths in
view of the bladder cancer mortality in the UK, between
1966 and 1972. They compared between artificial sweetener users and non-users. Authors reported that there were

no significant differences between the groups. Jensen and
Kamby [42] studied the cancer mortality in people who
were born between 1941 and 1945. There was no significant
increase in bladder cancer. Yu et al. [43] conducted a case–
control study in 254 bladder cancer patients and 254 controls
in China. They reported that, compared with non-users, by
the use of saccharine for more than 19 times per year, and
for more than 15 years, significant associations were found.
Statistically significant associations were also found for
diseases related to the urinary system. Goodman et al. [44]
reported that there was no association for saccharin consumption and renal cell carcinoma in 267 patients. Gallus
et al. [45] analysed artificial sweeteners (including saccharin) and cancer incidence works conducted in Italy between
1991 and 2004, with 1953 colorectum cancer cases and
4154 controls {45, 46], 598 oral cavity and pharynx cancer
cases and 1491 controls [45, 47], 304 oesophagus cancer
cases and 743 controls [45, 48], 1031 ovary cancer cases
and 2411 controls [45, 49], 460 larynx cancer cases and
1088 controls [45, 50], 2569 female breast cancer cases and
2588 controls [45, 51], 1294 prostate cancer cases and
1451 controls [45, 52], and 767 renal cell carcinoma cases
and 1534 controls [45, 53]. Authors have reported that
there is no evidence about the increased risk of cancer and
saccharin consumption at several common sites in humans.
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Andreatta et al. [19] studied the correlation between
the urinary tract tumors (UTT) and artificial sweetener use.
51 UTT patients and 87 controls used artificial sweeteners
(including saccharin). Authors have reported that the risk
of UTT was significantly increased in long-term (≥10
years) artificial sweetener users, compared with none- artificial sweetener users. Bosetti et al. [54] investigated a case
control study with 230 patients, histologically confirmed
cancers of the stomach and 547 corresponding controls,
326 of the pancreas and 652 controls, and 454 of the endometrium and 908 controls. The authors reported that saccharin consumption is not associated with the risk of cancer
of the stomach, pancreas, and endometrium.

[12] Blundell JE, Green SM. (1996). Effect of sucrose and sweeteners on appetite and energy intake. Int J Obes Relat Metab
Disord 20:12–17.
[13] Lavin JH, French SJ, Read NW. (1997). The effect of sucroseand aspartame sweetened drinks on energy intake, hunger and
food choice of female, moderately restrained eaters. Int J Obes
Relat Metab Disord 21(1):37–42.
[14] Swithers SE, Davidson TL. (2008). A role for sweet taste. Calorie predictive relations in energy regulation by rats. Behav
Neurosci 122(1):161–73.
[15] Kamenickova A, Pacevo M, Bachieda P, Overak Z (2013). Effects of artificial sweeteners on the AhR- and GR-dependent
CYP1 A1 expression in primary human hepatocytes and human cancer cells. Toxicol in Vitro 27:2283-2288.
[16] Howe GR, Burch JD, Miller AB, Morrison B, Gordon P, Weldon L, Chambers LW, Fodor G, Winsor GM. (1977). Artificial
sweeteners and human bladder cancer. Lancet 2:578–581.

4. CONCLUSION
In conclusion, according to the literature on genotoxicity and carcinogenity of saccharine is still confusing. So,
consumers should be careful to the consumption of this artificial sweetener.

[17] Bravo MP, Del Rey-Calero J, Conde M. (1987). Risk factors
of bladder cancer in Spain. Neoplasma 34:633–37.
[18] Sturgeon SR, Hartge P, Silverman DT, Kantor AF, Linehan
WM, Lynch C, Hoover RN. (1994). Associations between
bladder cancer risk factors and tumor stage and grade at diagnosis. Epidemiology 5:218–225.
[19] Andreatta MM, Muñoz SE, Lantieri MJ, Eynard AR, Navarro
A. (2008). Artificial sweetener consumption and urinary tract
tumors in Cordoba, Argentina Preventive Medicine 47:136–
139.
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[20] Hoover RN, Strasser PH. (1980). Artificial sweeteners and human bladder cancer. Preliminary results. Lancet 1:837–840.
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