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ABSTRACT: The bioavailability of iron from different levels of sun-dried thyme (0.0%, 1.25%, 2.5%, and 
10.0% of the diet weight) was studied in Sprague-Dawley rats. Iron absorption, liver and serum iron 
concentrations were taken as parameters for bioavailability. Hemoglobin concentration and red blood cell 
count were also measured. 
 The highest food intake was for the control group (426.8±17.5 g) with lower (P ≤ 0.05) food intakes 
of all rats fed thyme-based diets. Food intakes of these groups were 223.8±17.5, 208.50±19.2, and 
170.1±21.4 g for the 1.25%, 2.5%, and 10% thyme diet groups, respectively.  

Rats fed thyme-free diet (control group) gained weight (71.9±7.5 g), whereas all rats on thyme - 
based diets had significant weight loss. Weight loss ranged from 26.7±7.5 g in the 1.25% thyme diet group to 
53.0±9.2 g in the 10% thyme diet group. Consequently, feed efficiency ratio ranged from – 35.1±5.6 in the 
10% thyme diet group to 16.9±4.6 in the control group. 

Apparent iron absorption (%) was the highest (42.9±7.3 %) in the 10% thyme diet group and the 
lowest in the control group (14.1±5.6%). This was reflected by liver iron concentrations of 137.6±29.7 and 
987.1±36.4 µg/g dry liver in the control and 10 % thyme diet groups, respectively. Rats exhibited normal 
values for the measured hematological parameters. In conclusion, it seems that there is a possible relationship 
between thyme content which is rich in tannins and the adverse effects indicated by high mortality and 
weight loss in rats. 
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INTRODUCTION 
 Thyme (Origanum syriacum L.) is an edible plant with high content of essential 
oils (Halim et al., 1989). It grows abundantly in the Middle East and is usually collected 
for human consumption (Daouk et al., 1995). In the Middle Eastern countries including 
Jordan it is used as folks medicine. The leaves are used for eye ailments, burns, and 
stomach troubles, and seeds are used as sedative (Oran and Al-Eisawi, 1998) while leaves 
(whether fresh or dried) are used in food (Takruri et al., 2007);a flavoring agent (Kamel et 
al., 2001), appetizer or condiment (Daouk et al., 1995), salad ingredient, garnish or 
seasoning, for dough filling, and for the preparation of hot and cold herbal tea (Tukan et 
al., 1998). Thyme is also a main ingredient in the preparation of thyme (Za’atar) mix 
(Tukan et al., 1998), which is eaten with meals especially breakfast (Dagher, 1992). 
 It was reported that high thyme content in rat diets (up to 74%) led to high 
mortality; this was ascribed to the presence of natural toxic substances such as tannins and 
thymol (Abu-Jadayil et al., 1999). Tannins are phenolic compounds having molecular 
weights between 500 and 3000 Dalton (D). These polyphenols contain a large number of 
hydroxyl or other functional groups (1 or 2 per 100 D), and therefore are capable of 
forming cross-linkages with proteins and other macromolecules (Bravo et al., 1992; Al–
Kurd et al., 2007). Also it has been demonstrated that there has been a marked reduction in 
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iron absorption both in humans and animals when fed tannin-rich foods (Chung et al., 
1998). 

A multitude of dietary factors affect non-heme iron absorption. Factors enhancing 
non-heme iron absorption include adequate amounts of calcium (Williams and Schlenker, 
2003), substances that form weak chelates with iron such as ascorbic acid, amino acids, 
and the presence of digestion products of meat, poultry, and beef. Factors inhibiting non-
heme iron absorption include binding agents such as phytate and polyphenolic compounds 
(Fairbanks, 1994). Knowledge of the total amount of iron in foods or diets is actually 
insufficient to evaluate the adequacy of the diet regarding iron status; thus, methods are 
needed to estimate the amount of ‘available’ iron from that food or diet. This study aimed 
to determine of the tannin content in thyme leaves, exploration of the level of thyme (and 
consequently tannins), which is lethal or hazardous for experimental rats, and studying the 
effect of tannins on the absorption of thyme iron. 
 

MATERIALS AND METHODS 
Preparation of thyme and diets 

Sun-dried thyme leaves were purchased from a local farm, cleaned from their 
stems, ground in a special thyme hammer- mill using a sieve pore size of 1 mm 
polyethylene, and stored in a mesh bag at room temperature till used for diet preparation. A 
sample was taken for proximate analysis (AOAC, 1995) 

In the preparation of the rat diets, recommendations of the National Research 
Council (National Research Council, 1978) and those of the American Institute of 
Nutrition (Reeves, 1997) were considered. Four diets were prepared; they differed from 
each other by the percentage of sun-dried thyme leaves included i.e. 0.0% (control), 1.25%, 
2.5%, and 10 % of the diet weight. 
 After their preparation, diets were stored in polyethylene bags in a refrigerator 
(Frigidaire, USA) at 4 º C until used in the animal feeding experiment. The composition of 
diets that were fed to the rats is shown in Table 1. 
Animal experimentation  

In this experiment, adult Sprague-Dawley rats were used. Animals were kept at 
21±2ºC with 12-hour light-dark cycle in the animal room. Animals were distributed 
randomly according to their weights (163.9±2.0) g into 4 groups (6 rats per group). They 
were individually housed in plastic cages with wire stainless steel mesh bottom.  

Each group of rats was fed one of the experimental diets with varying thyme 
percentage. Food intake of each rat was recorded every 3 days and animals were weighed 
weekly using a top-loading balance (Sartorious, Germany). Total weight gain and feed 
efficiency ratio (FER) were calculated. After two weeks a balance study was carried out. 
Feces were collected from each rat, rinsed with deionized water, oven-dried at 105 ± 2 º C 
stored in a freezer until analyzed. After four weeks, the experiment was ended; rats were 
killed in a chamber using chloroform anthesesia.  Blood samples (7 ml) were taken from 
the heart right ventricle of each rat. Five ml of the sample was stored in plain glass tubes, 
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and about 2 ml in EDTA plastic tubes to avoid blood coagulation. Red blood cell count 
(cell / mm3) was obtained according to WHO (World Health Organization, 1980). 
 
Table 1. Composition of rat diets (g / Kg diet) 
 

Vitamin Mix Component 1

Diet Number  
(% of sun-dried  
thyme leaves) 

 

Corn 
starch2

Albumin3 Corn 
oil4

Water-
soluble 
vitamin5

Fat- 
soluble 
vitamin6

Mineral 
Mix7

Sun-
dried 
thyme 
leaves8

1 (0.00) 720 120 90 20 10 40 0 
2 (1.25) 707.5 120 90 20 10 40 12.5 
3 (2.50) 695.0 120 90 20 10 40 25 
5 (10.00) 620 120 90 20 10 40 100 

1. Components weights (g component / kg diet) were measured using top-loading balance (Sartorious) to 
the nearest 0.1 g. 

2. Cornstarch was used as the carbohydrates source, it was also used to bring the diet mixture weight to 1 
kg. 

3. Egg albumin (Inovatech, CANADA) is the protein source. 
4. Corn oil was used as the source of lipids and essential fatty acids, also as a carrier for fat-soluble 

vitamins. 
5. Water soluble vitamins mix is composed of the following: 

0.5g thiamin hydrochloride, 0.4g riboflavin, 45g ascorbic acid, 4g calcium pantothenate, 4g  nicotinic 
acid, 2.5g choline, 25mg inositol, 10g Para-aminobenzoic acid, 0.02g biotin, 0.2g folic acid, 0.4g 
pyrodoxine hydrochloric, and 2.5mg cyanocobalamine, and continue the mixture weight to 1 kg by 
succrose. 

6. Fat soluble vitamins composed of the following: 0.4 g retinyl palmitate, 1ml of solution made by 
dissolving 0.0135 g vitamin D2 in 10 ml oil, 2 g vitamin. E (DL-α-tocopherol acetate), and 6 mg vitamin 
K (menadione) ml in 500 ml corn oil or (10 ml fat soluble vitamin mix provide 4000 IU vitamin A, 1000 
IU vitamin D2, 40 IU vitamin E, and 0.12 mg vitamin K per Kg diet)(Reeves, 1997). 

7. Mineral mix of all diets except for the control diet composed of the following: 0.21 g AlK(SO4)2.12H2O, 
350 g CaCO3 , 250 g  KH2PO4, 0.26 g CoCl2.6H2O, 0.5 g CuSO4 .5H2O, 102.26 g MgSO4.7H2O, 1.22 g 
MnSO4.4H2O, 250 mg  KI, 135.48 g  K2HPO4, 127.58 g NaCl, 63.5 mg NaF, 0.26 g Na2 B4O7. 10H2O, 
1.65 g ZnSO4.7H2O, 81.5 mg H3BO3, 0.0174 g LiCl, 0.0089 g VCl3, 1.45 g Na2SiO3, 0.28 g CrK 
(SO4)2.12 H2O, 5.0659 mg  SeO2, 5.04 mg MoO3, and sucrose to continue the mixture weight to 1 Kg. In 
the control diet only iron was added to the mineral mix as 4.712 g Fe2(SO4)3.7H2O to provide iron 
requirements of the rat and the mixture weight was completed to 1 Kg by sucrose(Reeves, 1997). 

8. Sun-dried thyme leaves were used as the test food and the source of iron in all diets except for the 
control and those values were added to give the needed percentages of thyme i.e. 0, 1.25, 2.5, and 10.0%. 

 
Livers were removed, rinsed with 0.9 % sodium chloride (saline) solution, weighed 

to the nearest 0.1 g, oven-dried at 105±2ºC. Each liver was ground using a mortar and 
pestle and stored in the freezer (Frigidaire) until analyzed for iron content. 
Chemical analyses 

Moisture, protein, fat, fiber, and ash content of thyme were analyzed according to 
the AOAC (AOAC, 1995) methods. Tannin content of thyme was determined according to 
Pizzaro et al. (1994) using the spectrophotometer (ELICO SL 150) at 760 nm. Livers and 
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feces were analyzed for their iron content according to Huh et al. (1999) and Wedekind et 
al. (1992) using atomic absorption spectrophotometer (Perkin Elmer, 2380, Canada). 
Hemoglobin concentration was determined by cyanomethemoglobin method according to 
Dacie and Lewis (1975) and serum iron concentration was determined according to Dacie 
and Lewis (1975) using the spectrophotometer at 620 nm. 
Statistical analyses 

General linear model with least square means was performed to determine any 
significant differences among the obtained results. Regression analysis was done to 
determine if there was any significant correlation between any two measured parameters. 
Significance was accepted at p ≤ 0.05 (Steel and Torrie, 1980). 
 

RESULTS 
Proximate composition and iron content of thyme 

The proximate composition and iron content of the sun-dried thyme leaves which 
were incorporated in rat meals are shown in Table 2. Sun-dried thyme leaves contained 
10.13 g moisture / 100 g of the original sample, 17.48 g protein, 7.56 g fiber, 10.97 g ash, 
50.47 g carbohydrates, 3.39 g fat, 302.31 Kcal, and 95.15 mg iron/100 g dry matter. 
 
Table 2. Proximate composition (g/100 g) and iron content (mg/100 g dry matter) of 
thyme 1.

Component Amount 
Moisture 10.13 
Protein 17.48 
Fat 3.39 
Fiber 7.56 
Ash 10.97 
Carbohydrate (nitrogen-free extract)2 50.47 
Energy3 302.31 
Iron4 95.15 

1.  Values are means of triplicates with C.V. < 5 %. 
2.  Calculated as [100 - (moisture + protein + fat + fiber + ash)] %. 
3. Calculated (in Kcal/100g) from analysis value using 4,9, and 4 Kcal/g from protein, 

fat, and nitrogen free extract,  respectively. 
4. Value is average of duplicate (mg/100 g). 

 
Iron and tannins contents 

Table 3 shows the iron and calculated tannin contents of the diets which were fed to 
the rats. The soluble tannins content in sun-dried thyme leaves was determined to be 1.79 g 
tannins / 100 g dry thyme. The iron contents of the diets ranged from 3.24 mg Fe / 100 g 
fresh diet (for the 1.25 % thyme diet) to 15.5 mg Fe / 100 g fresh diet (for 0 % thyme diet). 
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The calculated tannin content of the diets ranged from 0 g / 100 g fresh diet in the control 
diet to 0.18 g / 100 g fresh diet in the 10 % thyme diet. 
 
Table 3. Iron1 and calculated tannin contents2 of the rat diets. 

Diet group 
Amount of iron (mg/100 g 
fresh matter) 

Calculated tannin content 
(mg/100 g fresh matter) 

0 % thyme (control) 7.13 0 

1.25 % thyme 3.24 22.04 

2.5 % thyme 5.71 44.75 

10 % thyme 15.50 179.00 

1- Values are means of triplicates with C.V.< 5 %. 
2- Calculated as [amount of tannins in thyme (mg / 100 g dry thyme) × amount of  

 thyme in the diet (g)]. 
 
Animal Experimentation 
Rat mortality 
 Throughout the experiment rat mortality occurred with different rates among the 
experimental groups 2.5, and 10 % thyme diets but not the control (thyme-free) diet group 
nor the 1.25 % thyme diet group. Rat mortality % (calculated as number of rats which died 
/ 6 × 100%) is shown in Table 4. In the 2.5% thyme diet containing 44.75 mg tannins, 1 rat 
died among the six rats used in the group, whereas in the 10 % thyme diet group 2 rats died 
out of six rats. 
 
Table 4. Rat mortality (expressed as percentage). 

Diet group Number of rats died % Mortality 

0 % thyme (control) 0 0 

1.25 % thyme 0 0 

2.5 % thyme 1 17 

10 % thyme 2 33 

Weight change, food intake, and feed efficiency ratio 
Weight change, food intake, and feed efficiency ratio are shown in Table 5. Weight 

change of rats throughout the experiment (calculated as final body weight – initial body 
weight) showed that only the control group gained weight (71.88±7.52 g), and that all other 
rats fed thyme (regardless of its concentration in the diet) lost weight. 
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Weight loss ranged from 26.68±7.52 g in the 1.25% thyme group to 53.00±9.21 g 
in the 10% thyme group while food intake ranged from 170.10±21.41 g (in the 10% thyme 
diet group) to 426.77±17.48 g (in the control group). 

Feed efficiency ratio (FER) ranged from –35.05±5.57 (in the 10% group) to 
16.85±4.55 in the control group. Addition of thyme (regardless of its content) significantly 
reduced FER. 
 
Table 5. Weight change, food intake, and feed efficiency ratio1 of the rats throughout 
the experiment 2, 3.

Diet group 
Number of 

rats 
Weight change 

(g) 
Food intake  

(g) 
Feed efficiency 

ratio (%) 
0 % thyme (control) 6 71.88 ± 7.52a 426.77 ± 17.48 a 16.85 ± 4.55 a 
1.25 % thyme 6 -26.68 ± 7.52  b 223.80 ± 17.48 b -12.06 ± 4.55 b
2.5 % thyme 5 -38.84 ± 8.24 bc 208.50 ± 19.15 b -20.34 ± 4.99bc 
10 % thyme 4 -53.00 ± 9.21  c 170.10 ± 21.41 b -35.05 ± 5.57c

1- Feed efficiency ratio is calculated as (g weight gain/g food consumption) × 100 % 
2- Values are expressed as least square means ± standard error of the mean. 
3- Least square means with different letters in their superscript within a column are 

significantly different (P≤0.05). 
 
Iron intake and its utilization 

The data concerning iron intake throughout the experiment, retained iron, and 
apparent iron absorption percentage are presented in Table 6. Iron intake (mg) throughout 
the experiment ranged from 7.25±1.47 mg (for the 1.25 % thyme diet group) to 30.42±1.47 
mg (for the control group). Retained iron ranged from 2.79±1.39 in the 1.25% thyme diet 
group to 11.31±1.71 in the 10% thyme diet group and did not show any significant 
differences (P≤0.05) among the rat groups. 

Apparent iron absorption percentage ranged from 14.10±5.95% for the control 
group to 42.89±7.29% in the 10% thyme group and there was significant difference 
between iron absorption in the control group and different thyme groups. 
Hematological data 

Table 7 shows hemoglobin concentration (g/dl), red blood cell count (cell/mm3), 
and serum iron concentration (µg/dl) of the rat blood after the experiment. 

Hemoglobin concentration (g/dl) showed significant differences among rat groups 
ranging from 12.06±0.75 g/dl in the 10% thyme diet group to 14.86±0.62 g/dl in the 
control group. Hemoglobin concentrations of the 0% and the 1.25% thyme diet groups 
were not statistically different. Similarly, the hemoglobin concentration of the 1.25%, 
2.5%, and 10% thyme diet groups showed insignificant (P≤0.05) differences. 

Red blood cell count ranged from 6.54×10 6 ±0.39 cell / mm3 in the 2.5% thyme 
diet to 8.34 × 10 6 ±0.36 cell / mm3 in the control diet group. Red blood cell counts of the 
0%, 1.25%, and 10% thyme were statistically insignificant (P≤0.05). Similarly, the red 
blood cell counts of the 1.25%, 2.5%, and 10% were statistically insignificant. 
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Table 6. Iron intake1, retained iron2 and apparent iron absorption percentage3,4.

Diet group Number of 
rats 

Iron intake 
(mg) 

Retained iron 
(mg) 

Apparent iron 
absorption % 

0% thyme (control) 6 30.42 ± 1.47 a * 4.29 ± 1.39 14.10 ± 5.95 b 
1.25 % thyme 6 7.25 ± 1.47 c 2.79 ± 1.39 38.48 ± 5.95a

2.5 % thyme 5 11.91 ± 1.61b 4.74 ± 1.53 39.77 ± 6.52a

10 % thyme 4 26.37 ± 1.80 a 11.31 ± 1.71 42.89 ± 7.29a

* Mean ± standard error of the mean 
1- Calculated as food intake (g/day) × iron content of the diet (mg/g fresh diet).  
2- Calculated as iron intake – fecal iron 
3- Calculated as (iron intake – fecal iron) / (iron intake) × 100 % 
4- Least square means with different letters in their superscript within a column are 
significantly different (P≤0.05). 
 

Serum iron concentration did not show any significant differences (P≤0.05) ranging 
from 109.80±25.10 µg/dl in the 1.25% thyme diet to 213.62±25.10 µg/dl in the control 
group. 
 
Table 7. Hemoglobin concentration, red blood cell count, white blood cell count, and 
serum iron concentration of the rats at the end of the experiment 1.

Diet group Number 
of rats 

Hemoglobin 
concentration 

(g/dl) 

Red blood cell count 
(×10 6 cell/mm3)

Serum iron 
concentration 

(µg/dl) 
0 %thyme (control) 6 14.86 ± 0.62a * 8.34 ± 0.36a 213.62 ± 25.10
1.25 % thyme 6 13.25± 0.62ab 7.64 ± 0.36ab 109.80 ± 25.10
2.5 % thyme 5 12.43 ± 0.67b 6.54 ± 0.39 b 171.00 ± 28.48
10 % thyme 4 12.06 ± 0.75b 7.15 ± 0.44ab 142.65 ± 31.84
* Mean ± standard error of the mean 
4- Least square means with different letters in their superscript within a column are 

significantly different (P≤0.05). 
 
Liver weight and liver iron concentration 

Table 8 shows liver weight (g) and liver iron concentration (µg/g dry liver) of the 
rats after the experiment. Liver weights (g) in all thyme-based diets was significantly lower 
than that of the control group. There were no significant differences (P≤0.05) among the 
thyme-based diets in terms of liver weight. 

Liver iron concentration (µg/g dry liver) ranged from 137.55±29.74 µg/g dry liver 
in the control group to 987.07±36.43 µg/g dry liver in the 10% thyme diet group. As the 
dietary thyme concentration increased there was a significant (P≤0.05) increase in liver 
iron concentration. 
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Table 8. Liver weight of the rats and liver iron concentration1 at the end of the 
experiment2.

Diet group Number of  
rats 

Liver weight  
(g) 

Liver iron concentration  
(µg / g dry liver) 

0 % thyme (control) 6 9.63 ± 0.61a * 137.55 ± 29.74d

1.25 % thyme 6 4.78 ± 0.61b 426.26 ± 29.74c

2.5 % thyme 5 4.46 ± 0.67 b 732.09 ± 32.58b

10 % thyme 4 4.50 ± 0.75b 987.07 ± 36.43a

* Mean ± standard error of the mean 
1- Calculated as [liver iron concentration (mg/100 g dry liver) × dry liver weight] ÷ 

1000. 
2- Least square means with different letters in their superscript within a column are 

significantly different (P≤0.05). 
 
Regression analysis 
 Among the expected regression, there were only two significant correlations: 

1. Significant correlation (P≤0.05) between percentages of thyme incorporated in the 
diets and retained iron (mg) (r = 0.9674) (Figure 1). 

2. Significant negative correlation (P≥0.05) between hemoglobin concentration (g/dl) 
and liver iron concentration (µg / g dry liver) (r = - 0.9641) (Figure 2). 
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Figure 1. Relationship between thyme in the diet (%) and retained iron (mg). 
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Figure. 2. Relationship between liver iron concentration (µg/g dry liver) and 
hemoglobin concentration (g/dl) 

DISCUSSION 
The ratio of 1.25% sun-dried thyme (Origanum syriacum L.) and its multiples were 

intentionally used in rat diets. It was estimated that this amount in the diet (1.25%) 
resembles what the adult human might take daily from sun-dried thyme leaves in breakfast 
or when he/she eats one sandwich or pie of thyme mixture commonly called “Manakeesh”
in the area. 
Proximate composition and iron content of thyme 

The proximate composition and iron content of the sun-dried thyme leaves which 
were incorporated in rat meals were similar to those reported in the literature with some 
differences. Proximate composition results of this study showed that they were slightly 
higher in terms of the ash and nitrogen-free extract and slightly lower for fiber and energy 
contents as compared with those of Takruri (1998). The fat and protein contents were 
different from those reported by Takruri (1998), but in agreement with those of Abu-
Jadayil et al. (1999). However, crude fiber content obtained in this study was lower than 
that obtained by Abu-Jadayil et al. (1999), and close to that of Takruri (1998). Such 
differences may be due to differences in the area where the plant is obtained, degree of its 
maturity, the parts of the plant used, and the time of harvesting. 
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Tannin content of thyme 
The tannin content of the sun-dried thyme leaves in this study was 1.79 g / 100 g 

dry thyme (on dry matter basis). Hlava and Lánská (1980) reported that Origanum 
marjorana L. contains around 1 % tannins, and Origanum vulgare L. contains 8 % tannins. 
These differences are expected due to differences in the species of the analyzed thyme 
and/or to the method of analysis. 
Iron and calculated tannin contents of the diets 

The mineral mix was free of iron except for the control diet which contained iron as 
ferrous sulfate [Fe2(SO4)3.7H2O]. All the diets contained at least the amount of iron 
recommended for rats i.e. about 3.0 mg iron / 100 g diet. 

Calculated soluble tannin content of the thyme-containing diets is also shown in 
Table 3. The source of tannins in all diets was thyme. 
Rat mortality 

Rat mortality varied among the experimental groups; Tannins may have contributed 
to mortality. Dietary tannins have been reported to be responsible for a wide range of 
nutritional problems including mortality (Butler, 1989; Chung et al., 1998). Mortality may 
be due to reduced food intake, weight loss, and the effect of tannins on the protein 
digestibility, and micronutrient bioavailability (Chung et al., 1998). 

Regression analysis showed insignificant correlation (P = 0.3289, r = 0.3107) 
between food intake and % mortality was found. It has been reported by Chung et al. 
(1998) that mortality occurred in chicks when dietary tannins increased to ≥ 3 %. Mortality 
started in this study at 2.5% thyme (44.75 mg tannins /100 g diet) which corresponds to 
0.04%, so it seems that rats are more sensitive to tannins than chicks. Thymol, a major 
component of thyme oil, also has been found to have a toxic effect. LD50 in rats of thymol 
is 980 mg / kg body weight (Singleton and Kratzer, 1973). 
Body weight change, food intake, and feed efficiency ratio  

Body weight change (g), food intake (g) of the rats, and feed efficiency ratio 
(expressed as percentage) are shown in Table 5. It is obvious that all animals fed thyme-
based diets (regardless of thyme content) lost weight, while only the control group gained 
weight (71.88 ± 7.52 g). Weight gain of the control group was in agreement with the value 
reported by the National Research Council (National Research Council. 1989) for body 
weight gain in 12- week old Sprague-Dawley rats (87 g). 

Weight loss can be attributed to the presence of tannins in thyme, which were 
reported by many researchers to reduce rat weight gain and growth rate (Chung et al., 
1998; Santos-Buelga and Scalbert, 2000). Body weight loss can be attributed to reduction 
in food intake and inhibition of digestive enzymes by tannins (Levrat et al., 1993). 

Food intake reflects the acceptability of animals to the diet (Abu-Jadayil et al., 
1999). As shown in Table 5, the highest acceptability was for the control group. All rats 
fed thyme-based diets had lower acceptability to their corresponding diets. This may be 
due to the astringency of the sun-dried thyme leaves. The astringency of foods and 
beverages depend on the content of polyphenolic compounds (Bravo et al., 1992). Tannins 
have been reported to be responsible for the decrease in food intake (Yu et al., 1996; 
Chung et al., 1998). 
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Feed efficiency ratio is a reflection of the efficiency of conversion of the eaten food 
into body mass. Except for the control group, all diet groups had negative fed efficiency 
ratio, which is due to the weight loss of the rats. Dietary tannins were reported to reduce 
and/or impair feed conversion efficiency (Beard et al., 1996; Chung et al., 1998; Al-
Mamary et al., 2001). 
Iron intake, retained iron, and apparent iron absorption percentage 

Iron intake throughout the experiment, retained iron, and apparent iron absorption 
percentage during the 4-day balance study are shown in Table 6. As expected, iron intake 
was the highest for the 10% thyme diet and the lowest was for the 1.25% thyme diet group. 
This is consistent with the fact that thyme is a rich source of iron (Abu-Jadayil et al., 
1999). The 4-day balance study was chosen after two weeks from the beginning of the 
experiment so that rats could adapt to the new diet. 

The dose level and the iron status of the organism influence dietary non-heme iron 
absorption. In general, a lower proportion of iron is absorbed as the dose increases 
(Thompson, 1988). Furthermore, as iron status worsens, the percentage of a physiological 
dose tends to increase (National Research Council, 1989; Beard et al., 1996; Wood and 
Han, 1998; Mikami et al., 2000). Polyphenols, particularly tannins, were reported to reduce 
non-heme iron absorption (Bravo et al., 1992; Lynch, 1997; South et al., 1997; Santos-
Buelga and Scalbert, 2000; Williams and Schlenker, 2003).  

In the results of the present study there was -unexpectedly- a trend to increase 
retained iron and apparent iron absorption percentage as the dose of thyme (and 
consequently iron and tannins) increased. This is not likely to occur unless there is a 
deficiency. It seems that tannins in thyme reduced iron absorption by forming cross-
linkages with iron, this led to mild iron – deficiency and hence increased iron absorption as 
a defense mechanism. 

The results show that there is a trend to increase iron absorption as the percentage 
of thyme (and consequently non-heme dietary iron) increased. Thus it is suggested that rats 
developed initial stages of iron deficiency. This result was in agreement with the 
significant correlation (r = 0.9674, P≤0.05) between percentage thyme (%) and apparent 
iron absorption (mg) as shown in Figure 1. It is also possible that either Ca or dietary fiber 
bind tannins and increase iron absorption. 
Liver weight and liver iron concentration. 

Data concerning liver weight (g) and liver iron concentration (µg/g dry liver) are 
shown in Table 8. Liver weight reflects the animal weight (Abu-Jadayil et al., 1999). The 
average liver weight of all rat groups fed thyme (regardless of its content in the diet) were 
significantly less than the average liver weight of the control group. This is consistent with 
the reduction in body weight of the animals (which were fed thyme). 

Iron is stored in the liver in high amounts (National Research Council, 1978; 
National Institute of Nutrition, 2002). Liver iron generally reflects iron absorption (Abu-
Jadayil et al., 1999). Results of this study show that the highest liver iron concentration 
(µg/g dry liver) was for the group which was fed 10% thyme followed by the 2.5% thyme 
group, then the 1.25% thyme group, and finally the control group. Absorption data in Table 
6 are in agreement with data regarding liver iron concentration in Table 8 i.e. as the 
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percentage of apparent absorption increases, the liver iron concentration increases because 
liver is the main storage site for iron (Reeves, 1997). 
Hematological indicators 

The normal range of blood hemoglobin in adult rat is reported to be 12-17 g/dl 
(Latunde-Dada et al., 1998). Generally, hemoglobin concentration values of all rat groups 
were within the normal range. This may be due to the body defense mechanisms which 
caused the observed increase in iron absorption as a response of iron-tannins binding, and 
consequently the low iron status. This is also reflected by the significant increase in liver 
iron concentration (µg/g dry liver) as the percentage of thyme (and consequently tannins) 
increases (Table 8). 

Results of the study (Table 7) regarding the measured hematological parameters 
show that addition of 1.25% thyme to the rat meals caused a non- significant (p>0.05) 
reduction (as compared with the control group) in hemoglobin concentration (g/dl). 
However, addition of more than 1.25% thyme to the meals caused significant reduction in 
hemoglobin concentration compared to the control group. 

The significant negative correlation (r=0.9641, p≤0.05) between liver iron 
concentration (µg/g dry liver) and hemoglobin concentration (g/dl), as shown in Figure 2, 
may indicate that some of hemoglobin iron was stored in the liver. This may be a 
compensatory mechanism to prevent progression of anemia, together with increased iron 
absorption. 

Iron absorption in the rat is dependent on serum iron levels (Latunde-Dada et al., 
1998). Serum iron is useful for differentiating between nutritional deficiencies of iron and 
iron deficits arising from chronic infections, inflammation or chronic disease. Serum iron 
reflects the iron in transit from the reticuloenothelial system to the bone marrow. It is a 
measure of the number of iron atoms bound to the iron transport protein “transferrin” 
(Gibson, 1990). 

Serum iron concentrations of the rat blood after the experiment are shown in Table 
7. As in the results of Abu-Jadayil et al. (1999), there were no significant changes in the 
serum iron values before and after the experiment. This may be due to the suggested stage 
of iron deficiency, which is the initial stage. 

Red blood cell count is of diagnostic value to monitor blood diseases (Dacie and 
Lewis, 1975). Red blood cell count values of the rat blood after the experiment are shown 
in Table 7. The highest count was for the control group followed by 1.25% and 10% diet 
group, then the 2.5% diet group. All rat groups (except for the 2.5% thyme diet group) had 
normal red blood cell count of 7.5 million/mm3 (Latunde-Dada et al., 1998; Gibson, 1990). 
In this study, the red blood cell count for the 2.5% thyme group was not statistically 
different from those of the 1.25% or the 10% thyme diet groups. 

It is concluded that the use of thyme in rat diets at levels of 1.25% or more caused 
weight loss, reduction in food intake and feed efficiency ratio of the rats. It is also 
concluded that rat is efficient in resisting the action of tannins because rats which were fed 
thyme (regardless of its content) exhibited normal values of the measured hematological 
parameters (red blood cell count, and hemoglobin concentration). The practical 
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significance of thyme in human diets, where lower amounts of thyme are usually 
consumed, needs a further investigation. 
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