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Abstract: The present study was designed to investigate the effect of yoghurt supplemented with 
rosemary powder or extract on injured liver in rats. This was achieved through determination of some 
biochemical parameters in serum and liver in addition to the histopathological study of liver under 
different treatments. Forty-nine adult male albino rats Sprague Dawley strain were equally divided into 
seven groups; a negative control (C-) group; and CCl4-treated rats that included a positive control (C+) 
and groups that received a dietary supplement of yoghurt, rosemary powder, rosemary extract, yoghurt 
with rosemary powder or yoghurt with rosemary extract. The results revealed that, CCl4 treatment 
caused significant decrease in food intake, weight gain, feed efficiency ration, and serum protein, 
albumin, globulin, and high density lipoprotein (HDLc) and increases in serum bilirubin, 
albumin/globulin ratio, total cholesterol, triglycerides, low and very low density lipoprotein, and 
cholesterol/HDLc ratio. The CCl4 treatment also caused increases in liver cholesterol, total lipids, 
triglycerides, glycogen, malondialdehyde and increased the enzymatic activities of superoxide 
dismutase, glutathione peroxidase and glutathione transferase, Inclusion of yoghurt, rosemary powder 
and rosemary extract into the diets of CCl4-treated rats improved the levels of all these biomarkers of 
liver injury. For example there were significant decreases in serum total bilirubin and significant 
increases in serum protein and albumin. The most effective dietary treatment was consumption of 
yoghurt with rosemary extract and the CCl4-treated group receiving this diet typically had biomarker 
scores that were not significantly different from the negative control group that received the standard 
diet without any CCl4treatment. Histopathological examination of the rat livers confirmed this 
amelioration of health showing that consumption of yogurt with rosemary can lower pathological 
changes in injured liver rats. Our study clearly demonstrated that administration of a combination of 
yoghurt and rosemary extract (or powder to a lesser extent) alleviates the harmful effect of CCl4-
induced liver injury.  
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INTRODUCTION 
 
Various herbal extracts, and their chemical constituents, have been used in the treatment of liver disease and 

have been shown to inhibit pathologic processes and protect hepatocytes against injury (Stickel and Schuppan 
2007). The liver is a key organ in the metabolism, detoxification, and secretary functions of the body. Hepatic 
injury is a fundamental pathological process in most chronic hepatic diseases and long-standing hepatic injury 
can lead to hepatic fibrosis, liver cirrhosis, and even hepatocellular carcinoma. Rosemarinus officinalis, a 
member of the family Labiatae and commonly called rosemary, has been used as an antispasmodic in renal colic 
and has been considered as being hepatoprotective and antimutagenic. It has also been used as an analgesic, 
antirheumatic, carminative, cholagogue, diuretic, expectorant, and antiepileptic (Richheimer et al., 1996; 
Dorman et al., 2003). 

Rosemary is widely found along the north and south coasts of the Mediterranean Sea and is a common 
household plant grown in many parts of the world. It has leathery dark green, needle-like leaves and light sky-
blue flowers. The dried leaves become rolled in appearance and dark green to brownish green in color. It is used 
for season fried chicken, salad croutons, baked products, non-alcoholic beverages, condiments, perfumes and 
soaps (Al-Sereiti et al., 1999). Rosemary leaf extracts are proposed as important human dietary factors and have 
been investigated as potential therapeutic agents including antioxidants against several diseases (Mahmoud et 
al., 2005).  

Rosemary contains several antioxidant compounds and exhibits different protective effects, such as 
hepatoprotective, anti-hyperglycemic and anti-ulcerogenic actions (Dias et al., 2000; Sotelo-Felix et al., 2002). 
Antifungal and antimicrobial effects of essential oil of rosemary have also been reported. Rosemary extract has 
been widely used as a preservative in the food industry primarily because of its antioxidant activity (Angioni et 
al., 2004; Santoyo et al., 2005) with the most active compounds being phenolic diterpenes such as carnosol, 
carnosic acid, rosmanol, epirsomanol, isorosmanol, methyl carnosate and other phenolic acids, such as 
rosmarinic acid. These polyphenols have shown biological activities in vitro as anti-tumor, chemopreventive and 
anti-inflammatory agents and may play a role by regulating the activity and/or expression of certain enzymatic 
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systems implicated in relevant physiological processes like apoptosis, tumor promotion, intracellular signal 
transduction or xenobiotic-metabolizing enzymes in the liver (Del Bano et al., 2006).  

Patients with chronic liver disease generally also have intestinal flora imbalances that are related to the 
development and worsening of the disease. Thus, live probiotics bacteria that can modify the indigenous 
intestinal bacterial flora have been recently used in the treatment of hepatic cirrhosis and chronic liver disease 
(Liu et al., 2010). An ongoing consumption of yogurt containing probiotic bacteria can have a beneficial effect 
on intestinal flora imbalance as well as providing an additional therapeutic effect on patients with chronic liver 
disease. Health benefits of dairy products can result from biologically active components present in native milk 
and suitably modulated activities produced through the action of probiotic bacteria during in fermented milk 
products.  

The most important biogenic metabolites generated during fermentation are vitamins, proteins, peptides, 
oligosaccharides, and organic acids (Santosa et al., 2006). Bacteria such as lactobacilli and streptococci bacteria 
can also assimilate cholesterol by incorporating it into membranes, as well deconjugating and precipitating bile 
acids. Thus when they are consumed as part of the diet there is less efficient solubilization of fats in the intestine 
and more excretion of free bile acids through the stool. A regular administration of selected probiotics can 
reduce serum cholesterol levels by metabolizing cholesterol and reducing its re-absorption in the gastrointestinal 
tract (Agerholm-Larsen et al., 2000; Pereira and Gibson 2002). 

Administration of different bacterial strains in an acute liver injury rat model influences bacterial 
translocation and liver injury as indicated by release of liver enzymes. Lactobacillus bacteria were thought to 
play an important role in the maintenance of colonization resistance and prevention of overgrowth of enteric 
pathogens (Diya et al., 2001).  

The subcutaneous injection of CCl4 into rats is known to cause liver necrosis and to alter various 
biomarkers such as increasing serum amino transferase activity and and lipid peroxidation while depressing the 
antioxidant system in the liver (Lee et al., 2007; Abd El-Ghany and Nanees 2010). Lipid peroxidation induced 
by free radicals, leads to oxidative deterioration of polyunsaturated lipids. An elevation in liver glycogen and 
protein also occurs from tissue break down and stimulation of the pituitary adrenal system. A similar rise in 
protein can occur with increased transport of amino acids through plasma membrane as a consequence of 
permeability change. In addition, a reduction in cholesterol can occur because of stress response that stimulates 
synthesis of steroid hormones via the hypothalamic–pituitary system (Posadas et al., 2009). This study aimed to 
investigate the effect of combining rosemary powder or extract with yoghurt on ameliorating such liver-related 
injury in rats treated with CCl4. 
 

MATERIALS AND METHODS 
 
Materials:  

Carbon tetrachloride was obtained from SIGMA Company for Pharmaceutical Industries (Cairo, Egypt) . 
BioMeriuex Kits were purchased from Alkan Co. for Chemicals and Biodignostics (Dokki, Egypt). De Man 
Regosa and Sharp (MRS) broth (Oxoid CM 359) and M17 broth (Oxoid CM817) growth media were purchased 
from New Technology Co, (Cairo, Egypt).  

Fresh rosemary leaves were purchased from a local market in Cairo, Egypt. Rosemary leaves were 
distributed uniformly as a thin layer on trays and dried in an oven at 60°C for 12 h then crushed. Part of the 
rosemary powderwas  mixed with methanol using a magnetic mixer at room temperature (25°C) for 3 h. The 
methanol extract was filtered and the residue was re-extracted with fresh methanol (5 ml/g) overnight. The 2 
methanolic solutions were combined and centrifuged at 12,000g for 10 min to remove particulate matter and 
then evaporated on a rotary evaporator. 

Lactobacillus delbrueckii subsp .bulgaricus CH-2 (Chr. Hansen’s Lab, (Denmark) was cultivated in 25 ml 
of MRS broth medium at 37°C for 24 h. Streptococcus thermophilus ST-36 (Chr. Hansen’s Lab) grown in 25 ml 
M17 broth at 40°C for 24 h. Skim milk powder was obtained from Rich Food Co. (Richmond, Virginia, USA). 
Three types of yoghurt were made by traditional methods from skim milk reconstituted to 12% milk solids 
(control) and also containing 5% (wt/wt) rosemary powder or 1% (wt/wt ) rosemary extract (Balladin and 
Headley 1999, Po-Jung et al., 2007). The milk preparations were heated at 90°C for 5 min and then cooled to 
42°C and inoculated with 1% each of the lactobacilli and streptococci starter cultures. After incubation at 40°C 
(about 4 hr), the coagulated yoghurts were for 36 h under refrigeration (5°C). 

A standard rat diet was prepared according to NRC (1995) and consisted of casein (200 g/kg), corn starch 
(497 g/kg), sucrose (100 g/kg), cellulose (30 g/kg), corn oil (50 g/kg), mineral mixture (100g /kg), vitamin 
mixture (20 g/kg) and DL-methionine (3 g/kg). Forty-nine healthy Sprague–Dawley albino rats were purchased 
from Helwan Farm for Laboratory Animals (Cairo, Egypt) and they were kept under observation for 5 days 
before experiment and fed on the standard diet and water ad libitum for adaptation.  
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Methods: 
Grouping of rats:  

The rats were divided into 7 groups (7 for each group). The negative control (C-) group were fed the 
standard diet only. The rest of the rats were administered CCl4 by back subcutaneous injection (0.5 ml of 1:1 
mixture of CCl4 and olive oil) based on a calculated 3 ml/kg dosage for inducing liver injuries according to Lee 
et al., (2005) then divided into 6 groups. A positive control (C+) group was also fed the standard diet only, 
while the other 5 groups were fed diets containing yoghurt (Y), rosemary powder (RP) rosemary extract (RE) 
rosemary-powder yoghurt (YRP), rosemary-extract yoghurt (YRE). 

The rat yoghurt dosage of 180 cc2 per kg body weight per day was added to the diets of the Y, YRP and 
YRE groups taking into consideration their content of protein and carbohydrate. This was based on a human 
therapeutic dose of yoghurt of 2000 cc2 per day (Robinson 1991) and converted to rat dose according to Paget 
and Barnes (1964). Rosemary powder was included at 2.5% (wt/wt) of the standard diet for the RP group and 
rosemary extract in the RE group diet at a rate of 0.5% (wt/wt). 

Feeding and growth performance were monitored by recording daily food intake, body weight gain and feed 
efficiency ratio (FER) according to Chapman et al., (1950) as mean daily body weight gain divided by mean 
daily food intake. The rats were sacrificed after 60 days blood collected and centrifuged at 3,000 rpm for 15 min 
to obtain serum, and livers collected for biochemical analysis.  

Analyses 
Serum aspartate, alanine amino transferase, γ-glutamyl transferase and alkaline phosphatase enzyme 

activities (AST, ALT, γGT AP, respectively), total bilirubin, total protein, and albumin were estimated 
according to Reitman and Frankel (1957), Draper and Hadley (1990), Kind and King (1954), Jendrassik (1938), 
Weichselbaum (1946), and Bartholomev and Delany (1966), respectively. 

Serum globulin value was determined by subtracting albumin from total proteins according to Coles (1974) 
as well as the serum albumin/globulin (A/G) ratio for each individual sample. Serum cholesterol, triglycerides 
(TG) and high density lipoprotein cholesterol (HDLc) were determined by using enzymatic colorimetric 
methods (Abell et al., 1952; Buccolo and David, 1973; Kostener, 1977). Very low density lipoprotein 
cholesterol (VLDLc) was calculated as TG/5 but low density lipoprotein cholesterol (LDLc) was calculated as 
total cholesterol less (HDLc+VLDLc) according to Fruchart (1982). Atherogenic index (cholesterol/ HDLc) was 
calculated according to Castelli and Levitar (1977). 

Livers were immediately perfused with 50 to 100 of ice cold 0.9% NaCl solution for estimation of liver 
cholesterol, triglycerides, total lipids and glycogen  according to Richmond (1973) , Scheletter and Nussel 
(1975), Folch et al. (1957) and Rerup and Lundquist (1967), respectively. Superoxide dismutase (SOD), 
glutathione peroxidase (GPX), glutathione S-transferase (GST) and malondialdehyde (MDA) according to 
Beuchamp and Fridovich (1971),Weiss et al. (1980), Ellman (1958), and Uchiyama and Mihara (1978), 
respectively. 

Portions of liver were also fixed in 10% neutralized formaldehyde then embedded in paraffin wax and 
stained with hematoxylin and eosin. In addition, masson trichrome and Sudan black B methods were also used 
specifically to stain collagen tissues and to demonstrate fatty changes, respectively.  

Statistical analysis: 
Collected data were presented as mean SEM and statistically analyzed using one way analysis of variance 

(ANOVA). Student "t" test was used for significance. Differences were considered significant at p<0.05 
according to Artimage and Berry (1987).  
 
Results: 
Serum Biomarkers: 

The average beginning weight of the rats was 105 ± 8 g and there was no significant difference between 
groups. The only significant difference in weight gain and feed intake between the groups was the PC group that 
consumed slightly less food on a daily basis and had only half the gain in body weight (Table 1). When 
calculated as FER the groups were ranked as follows: (C-, Y, YRP) > (RP, RE, YRE) >> C+. 

As expected from CCl4 treatment, the C+ group had significantly (p<0.001) elevated levels of ALT, AST, 
γGT and AP activity compared to the C- group that was not treated with CCl4 (Table 2). This is in agreement 
with previous studies on CCl4 induced liver damage (Lee et al., 2007; Abd El-Ghany and Nanees 2010). 
Inclusion of yoghurt, rosemary powder and rosemary extract to the liver injured rats all ameliorated these 
enzyme activities to levels below the C+ group.  The greatest effect was from YRE treatment in which activity 
levels were not significantly different to the control C- group.  

The liver-damaged C+ group also had significantly increased serum total bilirubin (p<0.001) and A/G ratio 
(p<0.01) and significantly decreased serum total protein (p<0.01), albumin and globulin levels (p<0.05) in 
comparison with the C- group (Table 3). Less elevation in total bilirubin levels and increased total protein 
occurred (p<0.05) in all other groups compared to the C+ group. The RE, YRE and YRP groups had 
significantly different albumin levels, while only the YRE and YRP groups had significantly different globulin 
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levels and lower A/G ratios than the C+ group. The CCl4-treated rats with levels of serum total bilirubin, total 
protein, albumin and globulin levels (and A/G ratio) closest to the control C- group were those that had been 
supplemented with the rosemary-extract (Table 3). The CCL4 treatment of the rats without any dietary 
supplementation resulted (p<0.001) in 2-fold increases in serum cholesterol, TG levels, and VLDLc levels, a 3-
fold increase in LDLc and in the cholesterol/HDLc ratio, and a 2-fold decrease in HDLc levels (Table 4).  Similar 
trends in improvement of the various lipid biomarkers was observed with dietary supplementation with the 
various yogurt and rosemary treatments with the combination of yogurt and rosemary extract treatment group 
having levels most similar (p>0.05) to the C- control group of rats. 
 
Liver Biomarkers: 

Changes in liver biomarkers of glycogen, choleresterol, total lipid and triglyceride levels paralleled the 
serum biomarkers with all of the yogurt and rosemary dietary supplementation treatments showing significant 
(p>0.05) improvements compared to the non-supplemented C+ treatment group (Table 5). The general order of 
improvement of liver damage biomarkers was YRE > YRP, RE > RP, Y treatments. The rats that received the 
YRE treatment had liver glycogen, choleresterol, total lipid and triglyceride levels that were not significantly 
different than the non-CCl4-treated C- group.  Treatment of the rats with CCl4 also caused large decreases 
(p<0.001) in liver SOD, GPX, and GST levels and a large increase (p<0.001) in liver MDA levels (Table 6). 
Similar effects of dietary supplementation as for the other liver biomarkers were observed with the YSE 
treatment group being most similar to the C- group. 
 
Table 1: Mean values ± SD of weight gain, food intake and feed efficiency ratio (FER) of the experimental rat groups. 

Variables 
Groups 

Initial 
Weight(g) 

Final  
Weight(g) 

Weight  
gain (g) 

Food  
intake(g/d) 

FER 

C-  103.35±4.11 a 214.75±11.31 a 111.40 ±5.56 a 17.37±1.34 a 0.106±0.001 a  
C+ 105.41±5.18 a 155.32±9.28 b** 49.91±4.87 b* 15.31±1.14 b* 0.054±0.002 c** 
Y  107.11±6.32 a 219.33±13.61 a 112.22±11.24 a 17.40±1.71 a 0.107±0.003 a*** 
RP 104.15±6.20 a 199.34±12.66 a 95.19±4.33 a 17.39±1.71 a 0.091±0.001 b*** 
RE  108.13±4.71 a 210.35±15.55 a 102.22±5.88 a 17.59±1.24 a 0.096±0.001 b*** 

YRP 106.13±5.31 a 225.37±16.78 a 119.06±10.11 a 18.51±1.61 a 0.107±0.004 a*** 
YRE  104.38±5.20 a 229.81±17.01 a 103.57±8.91 a 18.61±1.81 a 0.092±0.003 b*** 

abcMeans in each column having the same letter were not significantly different. 
 
Table 2: Mean values ± SD of serum ALT, AST γGT and AP enzyme activities of the experimental rat groups.  

       Variables 
Groups 

ALT 
(µ /ml) 

AST 
(µ /ml) 

γ GT 
(µ /ml)  

AP  
 (g/dl) 

C-  20.41±2.13d 39.30±3.21c 5.81±0.71c 42.11±4.81d 
C+ 45.77±4.17 a*** 69.88±5.31 a*** 11.99±2.01 a*** 103.20±10.14 a*** 
Y  33.78±3.13 b** 45.65±4.11 b* 8.67±1.35 b** 77.16±7.31 b*** 
RP 35.67±3.18 b** 48.30±5.01 b* 8.01±1.18 b** 75.11±8.01 b*** 
RE  27.71±2.22c* 47.37±4.21 b* 7.17±1.23 b* 58.31±6.21 c** 

YRP 30.21±3.41 bc* 43.31±4.31bc 7.33±1.81 b* 60.10±8.15 c** 
YRE  27.45±2.11c* 38.47±3.81c 6.65±1.14 bc 48.37±4.33 d 

abcdMean values in each column having similar letters were not significantly different. 
 
Table 3: Mean values ± SD of serum total bilirubin, total protein, albumin, globulin and albumin/globulin (A/G) ratio of the experimental 
rat groups  

Variables 
Groups 

T.bilirubin  
(µ /ml) 

T.protein 
(µ /ml) 

Albumin 
(g/dl) 

globulin  
(mg/dl) 

A/G 

C-  0.44±0.01e 7.29±1.14a 3.61±0.44a 3.68±0.40a 0.98±0.02c 
C+ 1.83±0.13 a*** 5.14±0.88 d** 3.01±0.64 b* 3.13±0.13 c* 1.41±0.21 a** 
Y  1.01±0.11 b*** 5.91±0.97 bc* 3.51±0.33 a 2.40±0.21 c** 1.46±0.11 a** 
RP 0.98±0.06 b** 5.87±0.80 bc* 3.49±0.15 a 2.38±0.42 c* 1.46±0.22 a** 
RE  0.87±0.08 d* 6.11±1.21 ab 3.51±0.37 a  2.60±0.44 bc* 1.35±0.32 a** 

YRP 0.77±0.16 cd* 6.60±1.01 ab 3.59±0.24 a 3.01±0.13 ab 1.19±0.10 b* 
YRE  0.55±0.01 e 6.88±1.03 ab 3.60±0.30a 3.28±0.18ab 1.09±0.11bc 

abcdMean values in each column having similar letters were not significantly different. 
 
Table 4: Mean values ± SD of serum cholesterol, triglycerides (TG), high density, low density and very low density cholesterol (HDLc, 
LDLc, VLDLc) and cholesterol/HDLc in the experimental rat groups 

Variables 
Groups 

Cholesterol  
(mg/dl) 

TG 
(mg/dl) 

HDLc 
(mg/dl)) 

LDLc 
(mg/dl) 

VLDLc 
(mg/dl) 

Cholesterol 
/HDLc 

C-  102.77±9.21 c 48.14±4.32 c 38.18±3.25 a 45.97±5.14d 9.62±1.11 c 2.69±0.87 b 
C+ 188.32±19.16a*** 80.40±9.11a*** 20.31±2.61b*** 151.93±13.14a*** 16.08±1.31a*** 9.27±2.24a*** 
Y  125.11±11.28b* 63.14±6.10 b** 31.21±3.24b* 81.28±8.27 b** 12.62±2.01b* 4.01±1.1 b* 
RP 131.14±12.12b* 61.12±6.31 b** 33.21±4.01b* 85.71±8.61 b** 12.22±1.13b* 3.94±1.1 b* 
RE  115.14±11.13bc 53.17±5.11 c 34.115.61 ab 70.40±9.01 c* 10.63±1.01c 3.37±0.7 b* 

YRP 109.31±10.14c 51.18±6.01 c 35.11±5.21ab 63.97±6,17 c* 10.33±0.97 c 3.11±0.88b* 
YRE  99.67±9.90 c 47.31±4.21 c 39.30±3.81ab 50.91±5.21 d 9.46±0.88 c 2.53±0.55 c 
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abcdMean values in each column having similar letters were not significantly different.  
 

Table 5: Mean values ± SD of liver glycogen, cholesterol, total lipid and triglyceride of the experimental rat groups. 
Variables 
Groups 

Glycogen  
(mg/100g) 

Cholesterol  
(mg/100g) 

Total lipid  
(mg/100g) 

triglycerides (µg/g) 

C-  6.11±1.66 a 4.01±0.18c 41.16±4.71 c 3.41±0.40 a 
C+ 3.22±0.78d*** 8.51±1.35 a*** 53.17±6.18 a*** 2.11±0.33 b* 
Y  4.88±1.29 bc* 6.11±1.21 b* 50.18±5.14 b* 2.91±0.46 c* 
RP 4.78±1.30 bc* 6.31±0.89 b 48.33±4.20 b* 2.89±0.25 c* 
RE  4.91±1.41 a 5.21±1.27 bc 47.71±3.41 b* 3.11±0.33 a c 

YRP 5.01±1.18ab 5.47±1.22 bc 51.11±5.27 b* 3.14±0.21 a b 
YRE  5.33±1.21ab 4.11±1.01c 42.31±3.81 b* 3.60±0.17 a  

abcdMean values in each column having similar letters were not significantly different. 
 
Table 6: Mean values ± SD of liver SOD, GPX, GST and MDA of the experimental rat groups. 

Variables 
Groups 

SOD 
(µ /mg) 

GPX 
(µ /mg) 

GST 
(µ /mg) 

MDA 
(nmol/g) 

C-  101.32± 9.21 a 98.91±9.28a 2.11±0.22 a 11.41±2.20 d 
C+ 39.41±4.25c*** 43.47±4.71 d*** 0.55±0.01 c*** 35.71±3.01a*** 
Y  88.14±8.78 b* 66.211±5.18 c** 1.88±0.27 b* 20.21±2.11 b** 
RP 90.11±9.34 b* 65.14±5.41 c** 1.91±0.25 b* 21.14±2.10 b** 
RE  110.14±12.20 ab 80.31±6.33 b* 2.21±0.11 a 18.31±1.81 bc* 

YRP 105.01±1.18a 
 

82.11±7.11 b* 2.25±0.33 a 16.14±1.61 c* 

YRE  114.33±11.11a 95.14±6.60a 2.41±0.55a 13.21±1.71 d  
abcdMean values in each column having similar letters were not significantly different. 
 
Histopathology: 

When viewed microscopically, the liver of rats from negative control (C-) group had the normal histological 
structure of hepatic lobule (Pict. 1) while in comparison the livers of the CCl4-treated positive control +ve group 
of rats had vacuolation of hepatocytes, small focal hepatic necrosis associated with leucocytic cells infiltration 
(Pict.2). The livers of CCl4-treated rats receiving the various dietary supplementations had histological 
structures between these healthy and injured cells. With just yoghurt supplementation the liver cells still had 
vacuolations of hepatocytes (Pict. 3) as occurred with rosemary powder supplementation (Pict. 4).In the livers of 
rats supplemented with rosemary extract either on its own (Pict. 5) or with yoghurt (Pict. 6)the cells appeared 
healthy with no histopathological changes observed in spite of the CCl4-treatment. For the rats that consumed 
yoghurt containing rosemary powder, the only change in their livers compared to the C- group was Kupffer cells 
activation (Pict. 7). 
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Histological structure of liver of rat after 60 days of  a control fed on standard diet only(Pict.1), and of rats 

treated with CCl4 prior to feeding  a standard diet(Pict.2), or the standard diet plus yoghurt(Pict.3), rosemary 
powder (Pict.4),  rosemary extract (Pict.5), yoghurt fortified with rosemary powder(Pict.6) and yoghurt fortified 
with rosemary extract(Pict.7). 
 
 
Discussion: 

Including yogurt containing lactic acid bacteria (lactobacilli and streptococci) in the diets of the rats showed 
different effects on hepatocellular damage indicated by the release of liver enzymes. Decrease hepatocellular 
damage was indicated by the decrease in release of ALT compared to the liver injury C+ group. This could be 
partly through decreasing bacterial translocation and by stimulatory effects of intestinal mucosa, and alteration 
of intestinal microflora that thus influence the intestinal barrier (Diya et al., 2001).  

The increase in serum HDLc and decrease in cholesterol/HDLc ratio is inagreement with the effect of a daily 
consumption of fermented milk products reported by Kiesling et al., (2002). The yoghurt bacteria Lactobacillus 
delbrueckii ssp. bulgaricus and Streptococcus thermophilus have been shown to inhibit peroxidation of lipids 
through scavenging the reactive oxygen radicals, such as hydroxyl radicals, or hydrogen peroxide (Ling and Yen 
1999). Some lactobacilli also produce antioxidant factors such as superoxide dismutase, or glutathione as well as 
various peptides derived from α-lactalbumin, β-lactoglobulin and α-casein (Ljungh et al., 2002; Fitzgerald and 
Murray 2006). 

Oral administration of rosemary leaf extract caused significant declines in the blood levels of triglycerides, 
total cholesterol, LDL-cholesterol, but increased HDL-cholesterol. Moreover, it seemed that rosemary leaf 
extract had a hypolipidemic potential. This may be an indication of progressive metabolic control of rosemary 
leaf extract on mechanisms involved in elimination of the lipids from the body, this hypolipidemic properties 
have been confirmed in many plant species and plant products in medicinal use (Abdul-Rahim and Taha 2011). 

There was a significant decrease in plasma total cholesterol, low density lipoprotein (LDL), and 
triglycerides but significant increase in high density lipoprotein (HDL) was obtained in rosemary-fed mice. It 
has been shown that Rosmarinus officinalis water extract and its antioxidant compounds inhibit lipid 
peroxidations and free radicals generation in vitro and in vivo. Rosmarinic acid, diterpenoids and alpha-
tocopherol have been documented as the principal antioxidant constituents of rosemary extract. The active 
compounds of rosemary extracts are mainly phenolic compounds, which belong to three groups: phenolic 
diterpenes, flavonoids and phenolic acids. Carnosic acid which is the major phenolic diterpene present in 
rosemary leaves and carnosol, both of which have been suggested to account for over 90% of the antioxidant 
properties of rosemary extract ,and rosmarinic acid, rosmanol, a hydroxyl cinnamic acid ester, are the main 
antioxidant compounds present in rosemary(Al Sheyab et al .,2012). 

 
 
 
In this study, inclusion of rosemary extract provided anti-lipoperoxidant activity, as it reduced the formation 

of MDA, and significantly decreased the release of lactic dehydrogenase (LDH) and aspartate aminotransferase, 
thus confirming the antihepatotoxic action of rosemary extract (Fahim et al., 1999; Posadas et al., 2009). 

Further investigation should target determination the active constituents of rosemary and the mechanism of 
rosemary and yoghurt that have the hepatoprotective effect . 
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