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Abstract  This investigation was carried out to evaluate the safety of traditional cheese wagashi mixed with each essential 
oil of Cymbopogon citratus, Ocimum gratissimum, Pimenta racemosa and Syzygium aromaticum. Single dose of 2000 mg/kg 
b.w. of treated wagashi were daily administered to each two-month old rats by oral route for subchronic toxicity assessment 
based on combined OEDC guidelines 407 and 423 for 28 days. Three control groups received, respectively cheese mixed 
with sorbic acid, basal cheese and a commercial rat diet (Cecuri®) only during the same period. Blood collection from 
experimental animals was made at different times (0, 7, 14 and 28 days) for hematological and biochemical [creatinine, 
alanine aminotransferase, aspartate aminotransferase and blood urea] parameters determination. The results showed that the 
mean values of parameters determined for rats fed with cheese treated with essential oils did not significantly vary (p<0.05) 
with respect to the control (basal cheese). At the end of the study, all the biochemical parameters sought decreased. Moreover, 
the rats, which have consumed wagashi mixed with sorbic acid have their hemoglobin significantly (p<0.05) decreased at the 
day 14. The study revealed that wagashi mixed with these oils had no toxicological effects and could possess 
hepatoprotective properties. 
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1. Introduction 
Dairy products like milk are consumed for the nutrition 

and maintenance of good health for a very long time. Milk 
is a major source of dietary energy, protein and fat, 
contributing on average of 134 kcal of energy/capita per 
day, 8 g of protein/capita per day and 7.3 g of fat/capita per 
day in 2009 [1]. Milk also contains nutrients critical for 
growth and development, including calcium, vitamin A, 
riboflavin and vitamin B12 [2]. Water is the main 
component in all milks, ranging from an average of 68 
percent in reindeer milk to 91 percent in donkey milk. The 
main carbohydrate content in milk is lactose, which is 
involved in the intestinal absorption of calcium, magnesium  
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and phosphorus, and the utilization of vitamin D [3]. The 
demand for milk in developing countries is expected to 
increase by 25 percent by 2025 [4]. The milk is a highly 
perishable commodity which requires a treatment to extend 
its shelf life. In fact, because of its high water content and 
nutrients, milk undergoes rapid degradation under the 
influence of microorganisms which are in optimal 
conditions for their development in tropical countries. In the 
absence of a cold chain in these countries, this situation 
imposes to the actors of milk sector the development of 
preservation methods more or less adapted to the 
socio-economic and environmental conditions. In Benin, 
milk is processed into various products such as yoghurt, 
curd and especially wagashi, a cheese from a craft process 
controlled by the Fulani social group. The wagashi is the 
most popular and most consumed milk by-product in Benin 
[5, 6]. Wagashi is still produced on a small scale at cottage 
level, and its manufacturing is mainly based upon 
traditional techniques. Because of its production in 
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unhygienic conditions and unregulated temperatures of 
production and preservation, wagashi has a very short shelf 
life. In view of this, various chemical substances such as 
propionic acid, sorbic acid were used to improve the quality 
of this product and extend its shelf life with probable 
occurrence of chemical residues in wagashi [7]. According 
to Shaw [8], the presence of chemical residues in foods 
such as wagashi is major concern because they affect 
consumer's health. As consumers have increasingly 
expressed a desire for safe foods and the preference for 
foods free of synthetic additives like benzoate, sorbate and 
propionate, the need for naturally derived compounds and 
other natural products with antimicrobial properties has 
been explored. Thus, great emphasis has recently been 
focused on the utilization of spices and their essential oils as 
natural agents for food preservation [9, 10]. Although the 
main role of these substances of plant origin is for flavoring 
and seasonings, they have strong medicinal, preservative 
and antioxidant properties, and thus contribute to the overall 
safety and preservation of foods [11, 12]. Essential oils are 
valuable plant products possessing good to excellent 
antioxidant and antimicrobial properties [13]. This lead to a 
new perspective on the potential application of essential oils 
in various food systems to improve their acceptability and 
durability. A variety of bioactivities of Pimenta racemosa, 
Cymbopogon citratus, Ocimum gratissimum and Syzygium 
aromaticum essential oils are known, with antioxidative, 
antimicrobial, antiinflammatory properties demonstrated. 
Furthermore, biopreservatives studies of these oils have 
been reported [14]. Despite the widespread use and 
biological tests on these oils, few scientific studies have 
been undertaken to ascertain their safety in combination 
with food especially with cheese. The main objective of this 
investigation is to evaluate the safety of wagashi samples 
treated with essential oil extracted from different plants 
such as Cymbopogon citratus, Pimenta racemosa, Ocimum 
gratissimum and Syzygium aromaticum.  

2. Materials and Methods 
2.1. Animals  

A total of 42 male and female two-month old Wistar rats 
were selected after physical and behavioral examination for 
the study. Selected females were nulliparous and 
non-pregnant. The animals were maintained according to 
standard guidelines. In fact, the two-month old Wistar rats 
were kept under standard laboratory conditions (25°C) and 
12/12h light/dark cycle. The animals were prior acclimatized 
for two weeks and received a commercial rat diet (Cecuri®) 
and tap water ad libitum. They were isolated in cages and 
divided into seven groups, each group composed of six 
animals.  Each group of rats were fed with one of the 
following seven diets including: three control diets (basal 
cheese, cheese mixed with 1000 ppm of sorbic acid, 
commercial rat diet Cecuri® produced in Benin) and four 

test diets (basal cheese mixed with each of essential oil at 
1000 ppm concentration).  

2.2. Essential oils and Synthetic Preservative Studied  

Essential oils were extracted from Pimenta racemosa, 
Cymbopogon citratus, Ocimum gratissimum and Syzygium 
aromaticum using the method as described by [6, 14]. Sorbic 
acid was purchased and used as synthetic preservative for 
control. 

2.3. Experimental Assay 

A single dose of 2000 mg/kg b.w of traditional cheese was 
orally administrated daily for 28 days by gavage to each 
Wistar rat for the subchronic toxicity studies according to a 
well-designed protocol based on Organization for Economic 
Co-operation and Development (OECD) Guidelines for 
Testing Chemicals, Health Effects Test Guidelines 
(OECD-guidelines 407 and 423) [15, 16]. The study was 
conducted in compliance with the OECD principles on Good 
Laboratory Practices. Biochemical (alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), 
serum creatinine and blood urea) and hematological (Red 
Blood Cell (RBC), White Blood Cell (WBC), hematocrit 
(Hct), hemoglobin (Hb), platelet count)  parameters were 
evaluated.  

Blood Analysis: At each time (day 0, 7, 14and 28) of the 
assay, animals were fasted for hours, but allowed access to 
water ad libitum. Then anesthetized with chloroform, and the 
blood samples were obtained by retro-orbital puncture [17], 
using capillary tubes for hematological and biochemical 
studies, with and without anticoagulant, respectively. 
Hematological analyses were done using standard 
techniques. Red Blood Cell (RBC), White Blood Cell 
(WBC), hematocrit (Hct), hemoglobin (Hb), platelet count of 
blood samples were determined using fully automated 
hematology analyzer (Auto Hematology Analyzer, RT-7600, 
Rayto). Aliquots of whole blood samples were mixed with 
EDTA and applied to the analyzer. Blood samples for 
biochemical analyses were centrifuged at 3000 rpm for 5 min 
and the plasma collected and analyzed. The blood level of 
alanine aminotransferase (ALT), aspartate aminotransferase 
(AST), serum creatinine and blood urea were determined by 
enzymatic kinetic method using spectrophotometer 
(BioLabo Diagnostics, Kenza Max, Biochemistry) at 505 nm 
[18].  

2.4. Statistical Analysis 

The data obtained were analyzed using SAS software 
(1989). The average values of each parameter determined 
were calculated by treatment at different times of bloods 
analysis taken. Comparisons between these means were 
made in pairs by Student's t test. The significance obtained 
for each effect was determined for each period of blood 
analysis by the F test after analysis of variance (ANOVA). 
The results are expressed as mean ± standard deviation.  
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3. Results and Discussion 
The effects of treatments on hematological parameters and 

biochemical profiles (table 1 and 2) on rats’ groups during 
the assay has shown in table 1 and table 2, respectively. The 
results showed that except for a slightly increase in platelet 
counts of some treatment groups, compared to the control 
group (treatment with basal or natural cheese), there were no 
significant differences in the mean values of hematological 
and biochemical parameters in rats at the first (day 0). This 
means probably that the homogenicity of the treatment 
groups at the begining of the experimentation. Regarding the 
hematology, there were no treatment-related adverse effects 
of treated wagashi with essential oils on hematology 
parameters in rats (Table 1). However, some  significant 
differences were observed when compared the control (basal 
or natural wagashi cheese) and treatment groups. Indeed, a 
statistically significant increase in mean values of WBC for 
the treatment 7 (rats fed with commercial diet Cecuri®) and 
significant decrease in hemoglobin concentration were noted 
in group of rats treated with cheese added ofsorbic acid at the 
day 14. The decreasing of hemoglobin noticed in this group 
may affect the transport of oxygen to organs that may be at 
the origin of death of rats noticed in this group during the 
blood collection. The significant increase of WBC for the 
treatment 7 and the statistically significance observed for 
platelets percentage at the begining of the experimentation 
may be incidental. In fact, according to [19], occasionally, 
statistical differences obtained from control values in 
hematology are judged to be incidental. The mean values of 
red blood corpuscle, white blood corpuscle, hemoglobin, 
hematocrit and platelets concentrations of all treatment 
groups were similar to control (fed with basal cheese) group 
animals. Concerning the serum chemistry, there were no 
treatment-related biologically significant adverse effects of 
cheese treated with essential oils on serum chemistry 
parameters in rats (Tables 2). However, some statistically 
significant differences were noted when the control (fed with 
basal cheese wagashi) and treatment groups were compared. 
Administration of the cheese treated at dose level of 2000 
mg/kg/day to rats resulted in a decrease in alanine 
aminotransferase (ALT), aspartate aminotransferase (AST) 
and serum creatinine. As increase in the activities 
transaminases ALT, AST and creatinine, good indicators of 
liver and kidney functions respectively, represents liver 
damage and kidney [20, 21, 22], decrease in the activities of 
these enzymes is not considered of any toxicological 
significance. It is then reasonable to deduce that all the 
treatment did not induce any damage to the liver and the 
kidneys. This may be further confirmed by the histological 
assessment. It is important to notice that a significant 
increase in alkaline phosphatase activity was observed in rats 
treated with commercial diet (Cecuri®) at day 7 and 
progressively decrease to the normal value of the control 
(basal cheese) the day 28th. Hence, change in this parameter 
in this group was not to be considered as treatment-related. 
Also, the mean values of serum urea of all treatment groups 

increase with the consumption of these feeds. This fact can 
be probably related to the high proteins value contents of the 
feeds (cheese and commercial diet) used. The increase of 
urea blood probably due to the consumption of protein by 
groups of rats is not considering as toxicological effect. 
Hence, there were no other statistically significant 
differences when the respective control and/or treatment 
groups were compared. The results of serum chemistry 
analysis from treatment groups show that administration of 
cheese treated with essential oils of Cymbopogon citratus, 
Ocimum gratissimum, Pimenta racemosa and Syzygium 
gratissimum at dose of 2000 mg/kg/day to rats for 28 days 
did not cause toxicologically significant adverse effects. 
Globally, the results obtained from this work showed that the 
mean values of parameters determined for rats fed with 
cheese treated with essential did not vary significantly with 
respect to the control (basal cheese) at any day of analysis 
expected the rats fed with cheese added of sorbic acid which 
had their hemoglobin value decreased. At the end of the 
study, all the biochemical parameters sought such as serum 
creatinine, aspartate aminotransferase (AST) and alanine 
especially aminotransferase (ALT) decreased for all the 
treatments groups. ALT is thought to be more specific for 
hepatic injury because it is present mainly in the cytosol of 
the liver and in low concentrations elsewhere, whereas AST 
is a mitochondrial enzyme found in the heart, liver, skeletal 
muscle, and kidney and is normally present in plasma [23]. 
The decreasing of biochemical parameter, especially ALT 
means that the samples of cheese treated with essential oils 
could have a hepatoprotective activity [18]. Moreover, the 
rats, which have consumed wagashi treated with sorbic acid 
have their hemoglobin significantly (p<0.05) decreased at 
after 14 days. The decrease of hemoglobin is probably due to 
the destruction of hemin which is the second constituent of 
hemoglobin by the sorbic acid. In fact, according to [24], use 
of food additives such as sorbic acid involved the reduction 
of hemoglobin due to the destruction of hemin and hence of 
part of hemoglobin. The study revealed that wagashi treated 
with each of these oils had no toxicological effects and could 
possess hepatoprotective properties. Consumption of 
wagashi treated with these oils may be promoted in order to 
benefit of its multiple nutritional and healthy advantages. 

4. Conclusions 
Because of a lack of significant negative changes in the 

biochemical and hematological parameters of rats after 28 
days daily feeding with treated wagashi with essential oils 
studied, it may be concluded that wagashi samples treated 
with each of essential oils of pimenta racemosa, 
cymbopogon citratus, ocimum gratissimum and syzygium 
aromaticum don’t appear to have significant toxicity. Further 
study on histological assessment may be done to confirm 
these results. Consumption of wagashi cheese treated with 
these oils may be promoted in order to profit of benefic 
effects of these oils and cheese wagashi. 
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Table 1a.  Effects of treatments on hematology parameters in rats 

Day 0 

  WBC (109/L) RBC (1012/L) HGB (g/L) HCT (%) PLT (109/L) 

Treatment N Mean ± Std Dev Mean ± Std Dev Mean ± Std Dev Mean ± Std Dev Mean ± Std Dev 

T1 6 5.751±2.620a 5.645±1.342a 125.500±25.193a 35.593±7.869a 765.500±143.515b 

T2 6 5.675±1.813a 5.438±1.109a 117.333±15.526a 34.277±5.965a 1174.167±337.018a 

T3 6 6.402±3.769a 5.928±1.624a 119.833±31.250a 37.668±10.389a 865.833±283.762b 

T4 6 7.182±8.852a 5.728±0.721a 120.000±13.251a 36.633±5.008a 993.000±184.421a 

T5 6 7.590±2.737a 6.683±0.972a 126.833±12.983a 40.645±5.430a 1142.333±177.489a 

T6 6 8.280±4.738a 6.552±0.665a 127.667±14.692a 41.263±4.632a 909.833±113.663ab 

T7 6 6.523±1.442a 6.220±1.111a 124.167±16.117a 39.650±6.860a 946.333±116.271a 

Significativity test NS NS NS NS * 

Day 7 

Treatment N Mean ± Std Dev Mean ± Std Dev Mean ± Std Dev Mean ± Std Dev Mean ± Std Dev 

T1 6 5.426±1.805a 5.218±0.784a 121.000±17.978a 35.598±6.228a 1181.500±546.632a 

T2 6 4.148±1.840a 5.680±1.079a 122.000±21.457a 39.021±6.987a 1002.687±515.741a 

T3 6 5.191±0.522a 5.907±1.199a 127.000±20.199a 41.148±7.055a 945.667±279.273a 

T4 6 3.710±1.008a 5.987±0.772a 132.667±5.046a 40.552±4.031a 1196.333±104.578a 

T5 6 4.478±1.398a 6.567±1.457a 124.667±26.718a 42.192±9.500a 1070.333±248.704a 

T6 5 4.944±2.482a 6.718±1.010a 131.000±13.360a 44.856±6.540a 976.000±210.120a 

T7 5 5.958±1.489a 6.712±0.934a 131.000±10.000a 45.474±5.665a 1096.400±323.005a 

Significativity test NS NS NS NS NS 

Day 14 

Treatment N Mean ± Std Dev Mean ± Std Dev Mean ± Std Dev Mean ± Std Dev Mean ± Std Dev 

T1 6 6.683±1.409b 5.377±1.899a 133.333±8.335a 41.410±3.179a 1167.666±206.000a 

T2 6 4.672±1.947b 5.975±0.483a 128.167±10.944a 41.150±3.061a 1009.051±552.767a 

T3 6 5.895±1.797b 6.075±0.606a 130.000±7.563a 42.037±4.122a 912.500±137.629a 

T4 6 6.612±1.572b 5.628±0.668a 129.167±9.786a 39.523±3.917a 1020.000±139.589a 

T5 6 5.038±1.425b 6.172±1.161a 129.000±8.809a 40.992±6.966a 1293.166±304.214a 

T6 4 3.220±1.961b 5.320±1.698a 106.250±28.418b 35.378±10.860a 1153.250±502.768a 

T7 5 21.834±23.366a 6.238±0.740a 127.200±8.136a 42.808±5.235a 1016.000±92.144a 

Significativity test * NS * NS NS 

Day 28 

Treatment N Mean ± Std Dev Mean ± Std Dev Mean ± Std Dev Mean ± Std Dev Mean ± Std Dev 

T1 4 5.0475±1.203b 5.420±3.268a 142.500±5.802a 46.995±4.313a 937.500±73.709a 

T2 5 6.700±0.987b 7.302±0.340a 146.000±5.522a 48.512±2.566a 1166.600±223.768a 

T3 4 9.920±4.458a 7.600±0.964a 146.500±7.047a 48.495±6.428a 1042.000±170.491a 

T4 4 7.907±1.513b 6.100±0.913a 137.000±8.981a 41.860±5.686a 1047.750±270.914a 

T5 6 8.011±1.619a 7.700±0.448a 145.667±5.086a 49.370±2.808a 1237.666±312.881a 

T6 2 6.980±0.184b 7.250±0.707a 138.000±11.314a 46.135±3.585a 1111.000±305.470a 

T7 5 7.696±1.228b 8.520±4.398a 137.600±12.661a 44.124±6.710a 1129.200±220.837a 

Significativity test * NS NS NS NS 

NS: Not significative ; *: significative at p<0.05; T1: Wistar rats fed with basal wagashi; T2: Wistar rats fed with wagashi treated with Cymbopogon 
citratus essential oil; T3: Wistar rats fed with wagashi treated with Syzygium aromaticum essential oil; T4: Wistar rats fed with wagashi treated with 
Ocimum gratissimum essential oil; T5: Wistar rats fed with wagashi treated with Pimenta racemosa essential oil;  T6: Wistar rats fed with wagashi 
treated with synthetic agent sorbic acid ; T7: Wistar rats fed with commercial diet Cecuri® ; WBC: White Blood Cell; RBC: Red Blue Cell; HGB: 
Hemoglobin, PLT: Platelets; HCT: Hematocrit ; N: Number of animals; Std Dev: Standard deviation; mean values in the same column followed by the 
same letter are not significantly different at 5% level.  
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Table 2.  Effects of treatments on serum chemistry parameters in rats 

Day 0 

  ALAT (U/L) ASAT (U/L) Creatinin (µmol/L) Urea (µmol/L) 

Treatment N Mean ± Std Dev Mean ± Std Dev Mean ± Std Dev Mean ± Std Dev 

T1 6 130.667±91.797a 295.667±75.243a 12.033±3.513a - - 

T2 6 153.333±135.568a 237.000±36.851a 11.567±1.989a - - 

T3 6 180.333±196.954a 270.333±40.068a 11.133±1.857a - - 

T4 6 77.333±19.704a 297.833±119.104a 11.333±1.618a - - 

T5 6 108.000±84.560a 238.000±29.987a 11.100±2.042a - - 

T6 6 113.667±72.767a 314.333±55.475a 11.033±2.357a - - 

T7 6 127.333±61.795a 286.667±101.985a 10.920±1.301a - - 

Significativity test NS NS NS - 

Day 7 

Treatment N Mean ± Std Dev Mean ± Std Dev Mean ± Std Dev Mean ± Std Dev 

T1 6 87.667±48.947ab 172.000±69.581a 16.800±2.248a 0.358±0.070a 

T2 6 60.667±22.295b 167.666±53.642a 14.166±2.361a 0.310±0.062a 

T3 6 75.667±11.413b 152.000±60.636a 12.766±5.211a 0.430±0.047a 

T4 6 64.500±29.419b 165.500±80.069a 15.000±0.829a 0.348±0.110a 

T5 6 79.667±33.572b 186.666±87.751a 14.867±1.608a 0.288±0.040a 

T6 5 101.200±42.109ab 192.000±69.928a 14.120±0.729a 0.378±0.111a 

T7 5 124.000±42.355a 200.600±65.152a 15.520±2.230a 0.488±0.266a 

Significativity test * NS NS NS 

Day 14 

Treatment N Mean ± Std Dev Mean ± Std Dev Mean ± Std Dev Mean ± Std Dev 

T1 6 119.667±87.912a 149.667±34.302a 7.833±2.872a 0.347±0.134a 

T2 6 100.800±63.160a 155.333±39.550a 8.300±2.628a 0.475±0.371a 

T3 6 105.333±46.124a 131.667±30.552a 6.567±2.678a 0.328±0.065a 

T4 6 99.600±36.094a 172.400±36.726a 7.500±2.230a 0.282±0.054a 

T5 6 92.333±31.226a 139.167±49.728a 7.440±3.038a 0.216±0.053a 

T6 4 67.000±25.219a 141.000±35.65a 6.550±1.526a 0.285±0.030a 

T7 5 107.200±24.560a 141.600±47.400a 7.440±2.363a 0.278±0.044a 

Significativity test NS NS NS NS 

Day 28 

Treatment N Mean ± Std Dev Mean ± Std Dev Mean ± Std Dev Mean ± Std Dev 

T1 4 71.500±13.988a 128.500±23.853a 7.850±2.125a 0.512±0.085a 

T2 5 87.600±40.531a 148.000±71.456a 7.880±3.830a 0.456±0.065a 

T3 4 98.000±51.640a 135.000±52.675a 6.900±1.612a 0.420±0.119a 

T4 4 68.000±27.374a 98.000±24.819a 6.650±0.680a 0.402±0.017a 

T5 6 64.333±16.366a 105.666±50.776a 6.367±1.651a 0.463±0.122a 

T6 2 87.000±38.183a 99.000±1.414a 5.600±1.697a 0.415±0.035a 

T7 5 72.000±2.828a 97.600±18.514a 6.360±0.654a 0.408±0.033a 

Significativity test NS NS NS NS 

NS : Not significative; *: significative at p<0.05; -: not determinate; T1: Wistar rats fed with basal wagashi; T2: Wistar rats fed with wagashi treated with 
Cymbopogon citratus essential oil;  T3: Wistar rats fed with wagashi treated with Syzygium aromaticum essential oil; T4: Wistar rats fed with wagashi 
treated with Ocimum gratissimum essential oil; T5: Wistar rats fed with wagashi treated with Pimenta racemosa essential oil;  T6: Wistar rats fed with 
wagashi treated with synthetic agent sorbic acid ; T7: Wistar rats fed with commercial diet Cecuri®; ALAT: Alanine-Aminotransférase, ASAT: 
Asparate-Aminotransférase; N : Number of animals; Std Dev Standard deviation ; mean values in the same column followed by the same letter are not 
significantly different at 5% level  
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