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Cinnamomum verum J. Presl and Curcuma longa L. have many biologically active metabolites, such as sterpenoids, 

phenolics with proven health benefits. The present study was undertaken to analyze the effect of cinnamon and turmeric extract 

on growth, blood parameters, and metabolic enzyme activities of albino Wistar rats. Methanol extract of cinnamon and 

turmeric mixture was supplemented in rat feed at 2.5 and 5% concentration, respectively and administered for 30 days. During 

the course of study, body weight, feed given, feed consumed data were collected at regular intervals. After the experimental 

period, animals were sacrificed, tissues separated, homogenized and assayed for the activity of catalase, superoxide dismutase 

(SOD), glutathione-s-transferase (GST), lactate dehydrogenase (LDH), malate dehydrogenase (MDH), alanine 

aminotransferase (AAT) and aspartate aminotransferase (AST). The results showed significant increase in liver catalase 

activity of treated animals and no significant changes in LDH, MDH, ALT and AST. No abnormalities were observed in the 

histopathology staining of tissue section. Overall, output of the present study could be useful for production of spices based 

antioxidant rich products for human health.  
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Spices are the essence of Indian culinary preparations. 

They impart characteristic flavour, aroma and taste to 

our food. Apart from its culinary value, these spices are 

known to possess potential pharmacological properties 

against specific illness such as diabetes, cancer, cardio 

vascular disease, alzheimer’s disease, etc. Spices like 

turmeric, ginger, cinnamon, clove, etc. are loaded with 

many phytochemicals viz. flavonoids, flavones, 

curcumin, catechins, quercetins, cinnamic acid, etc.1. 

They are not recognized as essential nutrients yet they 

either interact with dietary nutrients or act 

independently to exert health benefits as antioxidants, 

cardioprotective, anticancer, antiatherosclerosis, 

hepatoprotective and lipid lowering properties2-5. 

Saeed et al.5 who studied phytochemistry of 

Cinnamomum zeylanicum have listed plethora of its 

beneficial properties, and recommend it as a dietary 

supplement and a natural feed additive instead of 

synthetic antibiotic growth promoters in poultry feed. 

In all the above mentioned diseases, the common 

phenomenon is generation of free radicals and 

consequent tissue damage.  

Free radicals are reactive oxygen and nitrogen 

molecules with unpaired electron in their outer shell 

orbit and are capable of reacting with major macro 

molecules and destabilizing them6. Apart from 

diseased state, free radicals such as superoxide anion, 

hydrogen peroxide, hydroxyl radical, peroxyl, nitirc 

oxide are unavoidable product of normal metabolic 

activities, and are also generated from external sources 

like cigarette smoking, industrial air pollutants, vehicle 

exhaust, radiation, pesticides and many other 

chemicals7. Human body has natural way of protecting 

cells from these radicals enzymatically by antioxidant 

enzymes like catalase, SOD and GPX and non-

enzymatically by ɑ-tocopherol, ascorbic acid, reduced 

glutathione (GSH). When the production of free 

radicals exceed the removal rate, they readily react 

with lipid, protein and nucleic acid and destroy its 

architecture8. In such cases, dietary antioxidants helps 

in neutralizing these damaging radicals by accepting or 

donating the unpaired electron9. It is reported that 

healthy diets comprising antioxidants reduce the risk of 
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many lifestyle diseases associated with free radical 

tissue damage10,11. 

Here, we investigated the effect of mixture of 

cinnamon and turmeric extract, commonly used as 

spice in Indian culinary, on antioxidant enzymes and 

few important metabolic enzymes in albino Wistar rats. 

The extract has given high antioxidant activity in  

in vitro assays which necessitated the in vivo study.  

 

Materials and Methods 
 

Sample preparation 

Rhizomes of IISR Prabha variety of turmeric 

obtained from Experimental Farm, ICAR-IISR, 

Peruvannamuzhi and Cinnamomum verum bark 

collected from Plantation Corporation of Kerala 

Limited, chemmeni were used in this study. Coarsely 

ground turmeric rhizome and cinnamon bark samples 

were mixed in 1:2 ratio and extracted sequentially with 

hexane, chloroform and methanol in a soxhlet 

apparatus. The extracts were filtered and concentrated 

in a vacuum rotary evaporator with water bath 

temperature set at 60C. The dried powdered extract 

was stored at 4C until use. The total phenolic content 

of the extract was measured using Folin-ciocalteu 

reagent following Singleton & Rossi12 method. In vitro 

total antioxidant activity of the extract is measured by 

its DPPH radical scavenging activity13 and Ferric 

reducing power assay14. 
 

Experimental animals 

Eighteen male Wistar rat weighing 150-230 g were 

selected and housed in an individual polypropylene 

cages placed in a well-ventilated laboratory with 

temperature of 25±2C, relative humidity of 85% and 

an alternate 12 h dark/light cycles. Rats were allowed 

to acclimatize to the cage condition and given normal 

rat feed and water ad libitum for one week before the 

start of the experiment. The experimental protocol was 

carried out according to the guidelines of the 

Committee for the Purpose of Control and Supervision 

of Experiments on Animals (CPCSEA), New Delhi 

and approved by the Institutional Animal Ethics 

Committee of ICAR-Central Institute of Fisheries 

Technology, Cochin.  
 

Experimental diets and Treatment 

Rats were divided into three groups namely 

Control, T1 and T2. Control group animals were given 

normal rat chow diet only. T1 group animals were 

given normal rat chow mixed with 2.5% of cinnamon 

and turmeric extract. T2 group animals were given 

normal rat chow mixed with 5% of cinnamon and 

turmeric extract. The experimental procedure for  

in vivo studies was similar to that previously described 

method15
. Methanol extract of cinnamon and turmeric 

mixture was incorporated at 2.5 and 5% concentration 

into powdered rat diet and made into pellet. Control 

diet was prepared by the same method to nullify the 

differences in loss of vitamin and mineral content as a 

result of the drying process. This diet was fed to 

animals for 30 days. At the end, animals were starved 

overnight and sacrificed under ether vapour. Blood, 

liver, kidney, heart and muscles were harvested, 

weights are noted down and are stored at 80C until 

further analysis. The blood samples were used for 

hematological analysis on the same day. 
 

Growth performance parameters 

The animals were weighed at the start and at every 

7 days interval till 30 days. The growth performance 

was evaluated in terms of feed intake (FI), weight gain 

(%), specific growth rate (SGR) and feed efficiency 

ratio (FER). 

weight gain (%) = (final weight - initial weight) /initial 

weight ×100 

SGR = 100 (loge average final weight  loge average 

initial weight) /number of days 

FER = weight gain (g)/feed intake (g) 
 

Preparation of tissue homogenate and serum collection 

Frozen tissues (200 mg) were homogenized with 

5% sucrose in a homogenizer and centrifuged at 10000 

rpm for 10 min. The supernatant was collected and 

stored at 80C for further analysis. The blood sample 

collected were kept at room temperature of 30±2C till 

it clots and then centrifuged at 3500 rpm for 3 min to 

collect the serum. The collected serum was stored at 

20C for further analysis. 
 

Enzyme assays 

Catalase (CAT) activity was assayed using Abei16 

method. The specific activity of it was expressed as 

µmoles of H2O2 degraded/min/mg of protein. Superoxide 

dismutase (SOD) activity was measured based on Misra 

and Fridovich17 method and the specific activity is 

expressed as units/mg protein. Glutathione-S-transferase 

(GST) activity was determined using Habig et al.18 

method with slight modification. GST enzyme activity is 

expressed as nmoles of CDNB conjugae formed/min/mg 

of protein. Lactate dehydrogenase (LDH) and malate 

dehydrogenase (MDH) was assayed using modified 

Shonk and Boxer19 method, and specific activity was 

calculated and expressed as µmoles of NADH consumed/ 
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min/mg of protein for LDH and µmoles of NADH 

produced/min/mg of protein for MDH. Both ALT and 

AST activity was determined by following Wotten20 

method. The specific activity is expressed as nmoles of 

pyruvate formed/min/mg of protein. Estimation of 

protein content was done using Lowry et al.21 method. 
 

Histopathology 

Formalin fixed tissue samples were embedded in a 

paraffin wax, cut into thin section using microtome and 

stained used heamatoxylin-eosin dye. The prepared 

slides were then analyzed for structural modifications 

induced by the treatments. 
 

Statistical analysis 

The data were analyzed using one way ANOVA and 

expressed as mean ± SEM. The significant differences 

between means were determined using Duncan’s 

multiple range comparison tests.  The level of 

significance was set at 5%. All analyses were 

performed using statistical software package SPSS 

version 16. 

 

Results and Discussion 
 

Biochemical analysis of the sequential extract 

revealed that methanol extract has the highest 

(373.43±5.3) phenolics content followed by 

chloroform (295.3±7.9) and hexane (228.9±5). 

Likewise, methanol extract showed higher antioxidant 

activity as measured by DPPH radical scavenging 

assay and Ferric Reducing Power assay (Table 1). 

Based on the results, phenolics-rich and antioxidant 

rich methanol extract was selected for animal 

experiment (Table 1). 

After 30 days of dietary supplementation, the 

average % weight gain in T1 is found to be the lowest 

(31.8%) whereas T2 showed 38.24% weight gain as 

compared to control which showed 38.17% weight 

gain. Yet, statistical analysis showed no significant  

(P >0.05) variation in weight gain % of treated and 

control animal. In a clinical study, Sfar et al.22 provided 

the evidence that dietary supplementation of cinnamon 

leads to decreased BMI and waist circumference as 

compared to control group of obese diabetic men. FER 

in control group was the highest (0.22) followed by T2 

(0.17) and T1 (0.16) (Table 2). Since animals were 

maintained without stress treatment, the study may 

help in understanding the effect of spices extract on 

growth in normal environment. 

Table 3 shows the organ weight of rats treated with 

cinnamon and turmeric extract. Only T2 showed 

significant increase (P >0.05) in the liver weight of  

rats compared to control. No significant difference  

(P >0.05) was observed in case of kidney and heart in 

treatment animals as compared to control. This is in 

conformity with earlier reports that flavonoid and 

phenolic rich compounds increase the liver weight23. 

However, some authors attribute this to glycogen 

deposition which could not be observed here in our 

study24,25. Histopathology of liver sections and analysis 

of enzyme activities like LDH, MDH, AST and ALT 

showed that despite increased liver weight, no 

abnormalities in the tissue section and enzyme 

activities were observed which shows that the extract 
 

Table 2 — Effect of Cinnamon and turmeric extract on feed 

intake, weight gain percentage, specific growth rate and feed 

efficiency ratio (FER) of rats 

Parameters Control T1 T2 

Feed Intake (g) 391.3±15.6 437.2±17.7 433.4±13.5 

Total wt. gain (g) 81.3±9.89 67.3±6.64 72.6±6.97 

% wt. gain 38.17±6.91 31.81±5.6 38.24±5.29 

SGR 1.27±0.16 1.08±0.12 1.16±0.13 

FER 0.22±0.0 0.16±0.0 0.17±0.0 

[Values are expressed as mean ± SE of six replication] 
 

Table 3 — Organ weight of rats  

Tissues Treatment Organ wt. (g) Organ wt. ratio 

Liver 

Control 6.26±0.4a 2.44±0.1a 

T1 (2.5%) 6.85±0.4ab 2.79±0.3a 

T2 (5%) 7.5±0.3b 3±0.0a 

Kidney 

Control 1.5±0.1a 0.58±0.0a 

T1 (2.5%) 1.56±0.2a 0.63±0.1a 

T2 (5%) 1.57±0.1a 0.63±0.0a 

Heart 

Control 0.73±0.0a 0.28±0.0a 

T1 (2.5%) 0.7±0.1a 0.28±0.0a 

T2 (5%) 0.74±0.0a 0.3±0.0a 

[Different superscript (a,b) in the row indicate significant difference 

(P <0.05) between treatments (control, T1 and T2). Values are 
expressed as mean ± SE of six replications] 

 

 

Table 1 — Total phenolics, DPPH radical scavenging activity and Ferric reducing activity of sequential extract of  

cinnamon and turmeric mixture 

Solvent Total phenolics  

(mg GAE/g) 

DPPH radical scavenging activity  

(IC50 µg) 

Ferric reducing power assay  

(Molar Ascorbic Acid Equivalents/g) 

Hexane 228.9±5.7 44.5±1.8 0.79±0.0 

Chloroform 295.3±7.9 37.2±0.7 1.00±0.0 

Methanol 373.4±5.3 7.4±0.3 1.85±0.2 

BHA standard - 5.4±0.3 2.34±0.1 

[Values are expressed as mean ± SE of two replication] 
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has no adverse effect on liver. Even though T2 showed 

significant increase in liver weight, the ratio of its 

organ weight to body weight showed no statistically 

significant increase (Table 3).  

Analysis of haematological parameters and lipid 

profile of serum showed no significant variation in 

blood parameters of hemoglobin content, RBC count, 

platelet count, etc. of treated animals as compared to 

control (Table 4). In serum lipid profile,  though T2 

animals showed high cholesterol number in absolute 

value, their cholesterol to HDL ratio (0.25) which is 

recognized as the indicator of many heart related 

diseases26 is on par with control (0.25).  
 

Enzyme assays  

Fig. 1 shows enzyme activities in different tissues 

of treated and control animals. Activities of different 

antioxidant enzymes are often considered as biomarker 

 

Table 4 — Levels of hematological and serum lipid parameters in 

rats treated with cinnamon turmeric extract 

Blood Parameters Control T1 T2 

Total cell count (No.) 10850 12950 10500 

Haemoglobin (g/dl) 15.5±1.27 14.3±0 13.5±0.57 

RBC (million 

cells/mm3) 
7.9±0.57 8±0.16 7.15±0.45 

PCV (%) 42.75±3.8 39.95±0.04 37.9±1.39 

MCV (%) 53.65±0.86 50.35±0.61 52.85±1.27 

MCH (%) 18.95±0.20 17.95±0.20 18.75±0.37 

MCHC (%) 35.4±0.16 35.75±0.04 35.55±0.20 

Platelet count  

(lakh cells/mm3) 
8.8±0.41 8.65±0.53 8.2±0.08 

    

Serum lipid parameters    

cholesterol (mg/dl) 83±6.53 87.5±4.49 107±3.27 

Triglycerides 

(mg/dl) 
83±5.72 78.5±3.67 73.5±7.76 

HDL (mg/dl) 21±1.63 21.5±0.41 27±0.82 

LDL (mg/dl) 45±3.67 50±4.9 65±4.08 

VLDL (mg/dl) 16.5±1.22 16±0.82 15±1.63 
Cholesterol ratio 0.25 0.25 0.25 

 

 
 

Fig 1 — Effect of Cinnamon and Turmeric extract 

on various enzyme activities of rat tissues.  

(A) Catalase; (B) Speroxide dismutase;  

(C) Glutathione-S-transferase; (D) Lactate 

dehydrogenase; (E) Malate dehydrogenase;  

(F) Aspartate transaminase; and (G) Alanine 

transminase 
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for oxidative damage of tissues in animals. In our 

experiment, treatment group showed significantly  

(P >0.05) higher catalase activity in liver than control 

group. It could be due to induction/activation of 

catalase by polyphenols present in the extract27. Similar 

results have been reported in earlier studies using 

phenolic and flavonoid rich plant extracts28-31. 

Superoxide dismutase (SOD) catalyzes dismutation 

and neutralizes superoxide anion produced in the cell. 

In our results, T2 showed significant reduction  

(P >0.05) in SOD activity in liver and muscles as 

compared to control. It could be due to phenolics 

present in the extract that readily scavenge superoxide 

anion32 because of the presence of numerous reactive 

hydroxyl group in the metabolites like cinncassiols, 

cinnzyelonol, several other benzyl isoquinoline 

alkaloids, flavanols and glucosides from cinnamon; 

and curcumin, demethoxy curcumin and bisdemethoxy 

curcumin and other diterpene, sesquiterpene 

compounds from turmeric33-35. This is in concurrence 

with the earlier studies of decreased SOD activity in 

spices extract treated animals with no adverse effect on 

physiology36,37. Another important antioxidant enzyme 

is GST which is involved in cellular drug metabolism 

and cellular stress responses38. It has been reported that 

xenobiotics influence GST activity in animal tissues to 

protect from oxidative damages induced by xenobiotics39. 

Our result showed no significant change (P >0.05) in the 

activity of GST in liver, muscles and kidney. It could be 

interpreted that the phenolic rich cinnamon turmeric 

extract is not perceived as dangerous xenobiotics even as 

high as 5% concentration40.  

LDH and MDH enzymes work together in the energy 

intensive respiratory pathway to keep the cellular 

metabolic flux at a normal rate. In our study, both their 

activity showed no significant (P >0.05) change in the 

treatment tissue as compared to control tissues. 

Increased LDH activity is an indicator of skeletal and 

myocardial tissue damage which is not observed in our 

study41,42. ALT and AST are metabolic enzymes with 

clinical and toxicological importance, and changes in 

their activities are indicative of tissue damage by any 

toxic chemical or diseases43. In our experiment, only in 

liver tissue treatment showed significant (P >0.05) 

increase in AST activity than control44. Remaining 

tissues showed no significant variation (P >0.05) from 

control. This signifies that treatment with spices extracts 

did not alter the carbon and nitrogen flux by modifying 

the activity of these enzymes.  
 

Histopathology of tissues 

Histopathological examination of tissue sections of 

heart, liver and kidney showed no abnormalities in 

treatment tissues (Fig. 2). Heart tissues of treated animals 

showed normal cardiac myocytes and there is no evidence 

 
 

 

Fig. 2 — Histopathological examination of Heart, Kidney and Liver tissues of control and treatment animals. [M, Myocytes;  

G, Glomerulus; GC, Glomerular capsule; CS, Central Space; PE, Proximal epithelium; XE, Distal epithelium; PV, Portal vein;  

H, Hepatocytes; BD, Bile duct; and HA, Hepatic Artery] 
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of inflammation or myocardial scarring found in the 

section. In case of kidney, tissues from treatment animals 

showed no inflammation, no scarring and no epithelial 

damage. Cortex, medulla and glomeruli looked normal, 

tubular epithelium looked healthy and no abnormalities 

were found. In liver tissue, hepatocytes looked normal 

and no fatty changes, no inflammations were observed. 

Portal tracts also looked normal with no inflammation or 

fibrosis observed. 

 

Conclusion  

The present study concludes that methanol extract 

of phenolic rich cinnamon and turmeric mixture 

showed higher in vitro antioxidant activity. Dietary 

supplementation of this extract influenced the growth 

parameters and did not alter the metabolism of animals 

as evidenced by the activities of LDH, MDH, ALT and 

AST enzymes. Such supplementation also maintained 

and enhanced the antioxidant enzyme activities like 

catalase in liver which are involved in combating 

oxidative stress. The extract did not cause any 

damage to cellular machinery as revealed by the 

histopathological examination of liver, kidney and 

heart where normal cellular architecture showed no 

pathological modifications. Since cinnamon and 

turmeric is loaded with numerous bioactive 

phytochemicals with nutraceutical applications, 

further study could be extended to elucidate the 

synergistic effect of cinnamon and turmeric to 

alleviate oxidative stress mediated diseases in 

disease induced animal models. 
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