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Consumption of fruits and vegetables is wide-
ly recommended by nutrition experts because 
of their preventive and/or protective effects on 
several chronic diseases such as obesity, coronary 
heart disease, stroke, diabetes, hypertension and 
some cancers [1–3]. The World Health Organiza-
tion has recommended that people eat at least five 
portions (about 400 g) of fruits and vegetables per 
day to prevent cancer and other chronic diseases 
[4]. Some fruits including apricot, banana, grape, 
nectarine and peach, meet the daily requirements 
of vitamins and minerals for humans [4–7]. In this 
context, it has been reported that consumption of 
3–4 fresh apricots per day for adults may provide 
daily requirements of some essential elements, in 
particular K, Se, Mg and half of required P and Zn 
[8, 9]. Regarding apricot consumption, nutritional 
and mineral contents of sun-dried organic apricot 
(SDOA) were briefly reported by YILMAZ et al. 
[10].

In clinical practice, serum alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST) 
and alkaline phosphatase (ALP) enzyme activities 

have been considered to be important indicators of 
liver functions [11]. Fluctuations of ALT, AST and 
ALP levels are mainly the result of the leakage of 
these enzymes from the cytosol of hepatocytes into 
the blood stream. While an increase in these en-
zyme activities in serum may indicate serious liver 
diseases, decreased serum albumin (ALB) and to-
tal protein (TP) levels are also used as indicators 
of functions in that they can reflect reduced syn-
thesis and increased protein degradation in liver 
diseases [12]. Therefore, for understanding altera-
tions of liver functions, knowledge of the patho-
physiology of liver enzymes is an essential guide 
[13].

Literature reveals no information about con-
sumption of SDOA and its effects on serum liver 
enzyme levels. In order to address these topics, 
this study was performed on four different rates 
of SDOA, over three time periods. This study may 
open a new perspective on the investigation of 
nutri tional values of SDOA, based on serum ALB, 
TP and liver enzyme levels in rats.
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Summary 
This study aimed to investigate the effects of different rates and feeding periods of sun-dried organic apricot (SDOA) 
supplementation on serum proteins and liver enzymes in rats. Numbers of 120 male and 120 female rats were randomly 
divided into five groups. The control group was fed with normal rat chow, and the others with 1%, 2.5%, 5% and 10% 
SDOA-supplemented diet, respectively. At the end of the 30th day of feeding periods, blood samples of 8 rats from 
each gender of every group were taken. Serum samples were used for measurements of albumin (ALB), total protein 
(TP), alanine aminotransferase (ALT), aspartate aminotransferase (AST) and alkaline phosphatase (ALP) levels. This 
procedure was repeated on the 60th and 120th days. Effects of rates and periods on parameters and interactions were 
investigated by two-way ANOVA. As the rates of SDOA in diet increased, decreases were observed in all parameters 
of males, and in ALP, AST and TP parameters of females. Considering periods, an effective role was observed on ALB, 
ALT and TP levels in genders. However, there were no significant interactions between rates and periods. The rate of 
1% had beneficial effect on parameters in genders. However, the optimal period was not determined.
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and mi neral composition of SDOA and the daily 
average food consumption of the male and fe-
male rats were determined as described by YIL-
MAZ et al. [10]. The SDOA-supplemented diet was 
freshly prepared in 10 kg batches manually.

Biochemical parameters 
Hepatic enzyme concentrations were measured 

by Abbott clinical autoanalyser (Abbott Diagnos-
tics, Abbott Park, Illinois, USA) using ion-selec-
tive electrode method (Architect c16000).

Statistics
All statistical analyses were performed using 

MedCalc version 11.4.4 (MedCalc Software, 
Maria kerke, Belgium). Data were expressed as 
mean ± standard deviation. Kolmogorov-Smir-
nov test was used to determine normal distribu-
tion. Multiple comparisons were carried out by 
One-way ANOVA or two-way ANOVA tests fol-
lowed by Bonferroni post-hoc analysis. Addition-
ally, Student’s t-test was used to determine the dif-
ferences between the means of gender groups. We 
considered statistical significance at p < 0.05.

RESULTS

The results of serum parameters are shown 
in Tab. 1–3. Serum TP levels in both sexes and 
ALB levels only in males were decreased by the 
supplementation rates (p < 0.001; Tab. 1). When 
feeding periods were taken into consideration 
in both genders, a decrease in serum ALB levels 
and different fluctuations of TP levels were identi-
fied (p < 0.001). While the highest TP levels were 
determined on the 60th day in both sexes, the 
lowest TP levels were determined on the 30th day 
in females and on 120th day in males (p < 0.05; 
Tab. 2). It was determined that serum ALT, AST 

MATERIALS AND METHODS

The study protocol was approved by the Ethic 
Comittee, Faculty of Medicine, University of In-
onu, Malatya, Turkey. Rats were provided by the 
Experimental Animal Research and Production 
Center of Inonu University. During a 120-days 
study period, female rats were housed seperately 
from male rats. They had free access to chow and 
water during study periods, and no toxic effects, 
side effects or death were observed.

Animals
Numbers of 120 Sprague Dawley rats of each 

sex were used. They were randomly divided into 
five groups, leading to 24 rats in each group of 
both genders. The control group (group-1) was 
fed with standard rat chow and the others were fed 
with 1%, 2.5%, 5% and 10% SDOA-supplement-
ed diet. They were housed at room temperature 
(21 °C ± 2 °C) with relative humidity of 53% ± 3% 
with a 12 h light/dark cycle. At the beginning of 
the study, the average body weight of male and fe-
male rats were 321 g ± 24.6 g and 210 g ± 21.4 g, 
respectively. On the 30th day, eight rats from 
each groups of both gender (totally 40 female 
and 40 male) were anaesthetized by inhalation of 
diethyl ether and 7–10 ml of blood samples were 
taken by intracardiac puncture. Blood samples 
were centrifuged at 3000 g for 10 min and the ex-
tracted serum samples were stored at –20 °C until 
analysis of AST, ALT, ALP, ALB and TP. On the 
60th and 120th day, this procedure was repeated.

Diet
The normal rat chow was purchased from 

Korkutelim, Antalya, Turkey. The Kabaaşi variety 
of SDOA, which was provided from a local mar-
ket in Malatya, Turkey (having organic certifi-
cate), was used as a supplementary diet. Nutrient 

Tab. 1. Effects of different rates of SDOA supplementation on serum proteins and liver enzymes in rats.

Parameter
Control 1% 2.5% 5% 10%

Female Male Female Male Female Male Female Male Female Male

ALB [g·dl-1] 3.4 ± 0.5 3.0 ± 0.5 3.4 ± 0.5 3.1 ± 0.4 3.5 ± 0.6 2.7 ± 0.6 3.3 ± 0.3 2.9 ± 0.5 3.4 ± 0.4 2.7 ± 0.5 b

ALP [U·l-1] 162 ± 43 209 ± 60 165 ± 39 215 ± 50 161 ± 62 171 ± 54 ab 149 ± 38 181 ± 50 125 ± 33 abc 144 ± 43 abd

ALT [U·l-1] 49 ± 8 57 ± 10 50 ± 11 56 ± 10 49 ± 12 49 ± 9 a 47 ± 11 54 ± 11 46 ± 12 47 ± 10 abd

AST [U·l-1] 123 ± 22 123 ± 19 116 ± 23 118 ± 20 114 ± 18 105 ± 16 a 108 ± 19 115 ± 25 104 ± 24 a 107 ± 22

TP [g·dl-1] 7.1 ± 0.3 6.7 ± 0.3 7.2 ± 0.3 6.8 ± 0.3 7.1 ± 0.3 6.6 ± 0.4 7.0 ± 0.2 b 6.6 ± 0.3 7.0 ± 0.2 b 6.6 ± 0.3

Each value is expressed as mean ± standard deviation (n = 24), differences at p < 0.05 were considered significant. 
a – different than the control group; b – different than the 1% group; c – different than the 2.5% group; d – different than the 5% 
group.
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and ALP activities decreased as supplementation 
rate increased (p < 0.005; Tab. 1). The duration of 
feeding did not have any effect on enzyme activi-
ties in any sex (Tab. 2). In addition, there were no 
statistically significant interactions between sup-
plementation rates and feeding periods for all pa-
rameters (Tab. 3). Regarding the effects of gender 
differences on test parameters, it was determined 
that serum ALB and TP levels of female rats were 
higher than those of male rats (p < 0.001). Serum 
enzyme levels of females were lower than those of 
males (p < 0.05; Tab. 3). The effects of different 
SDOA supplementation rates and feeding periods 
on serum proteins and liver enzyme activities in 
rats are shown as two-way ANOVA presentations 
in Fig. 1. 

DISCUSSION

To our best knowledge, there are no scientific 
studies reporting on the effect of SDOA consump-
tion on the levels of serum ALB, TP, ALT, AST 
and ALP in rats. This study provides intitial in-
sights into the appropriate feeding rates and time 
periods that may lead to a more precise determi-
nation of ideal feeding parameters.

Hepatocellular damage due to various reasons 

causes increase in plasma levels of several 
enzymes, including ALT and AST. Normalization 
of these parameters is accepted as an indicator 
of the improvement of liver functions [13, 14]. 
DAS et al. and BILAL et al. reported that different 
Eugenia jambolana extracts caused a decrease in 
serum ALP, ALT and AST activities [15, 16]. Simi-
larly in our study, the increase in SDOA supple-
mentation rates caused a decrease of serum ALT 
and AST levels. These changes may be interpreted 
as a benefical effect of SDOA consumption. ALP, 
which hydrolyses phosphate esters at alkaline pH, 
is present particularly in the liver, but also in other 
tissues such as intestines, uterus, bile ducts and 
bones. Clinically, a major portion of serum ALP 
(about 80%) originates from hepatobiliary and/or 
bone tissues [17, 18]. Mucous cells in bile ducts of 
the liver and osteoblastic cells in bone tissue have 
high levels of ALP activity. Therefore, serum ALP 
levels are used as an indicator of either liver func-
tion or bone metabolism [19]. Osteoblastic activ-
ity is at its minimum levels in adults, so the con-
tribution of bone isoenzyme to total ALP activity 
during this period is minimal [13–18].

In the present study, because of completed 
bone development of the adult rats used, any in-
crease in age-related levels of serum ALP was not 
expected. The decrease in the serum ALP levels 

Tab. 2. Effects of different periods of SDOA supplementation on serum proteins and liver enzymes in rats.

Parameter
30 days 60 days 120 days 

Female Male Female Male Female Male

ALB [g·dl-1] 3.7 ± 0.4 3.2 ± 0.3 3.5 ± 0.4 ac 3.0 ± 0.4 ac 3.0 ± 0.3 ab 2.3 ± 0.4 ab

ALP [U·l-1] 140 ± 38 190 ± 61 156 ± 48 192 ± 58 160 ± 50 169 ± 51

ALT [U·l-1] 46 ± 9 58 ± 11 45 ± 10 52 ± 9 a 53 ± 11 ab 48 ± 9 a

AST [U·l-1] 108 ± 21 110 ± 21 114 ± 24 116 ± 22 118 ± 19 114 ± 22

TP [g·dl-1] 7.0 ± 0.3 6.7 ± 0.2 7.1 ± 0.3 6.9 ± 0.3 ac 7.1 ± 0.2 6.4 ± 0.3 ab

Each value is expressed as mean ± standard deviation (n = 40), differences at p < 0.05 were considered significant. 
a – different than 30 days period; b – different than 60 days period; c – different than 120 days period.

Tab. 3. Differentiation of parameters in rats with regard to sex.

Parameter
Female Male

p
n Mean ± SD n Mean ± SD

ALB [g·dl-1] 119 3.4 ± 0.5 120 2.9 ± 0.5 < 0.001

ALP [U·l-1] 115 152 ± 46 119 184 ± 57 < 0.001

ALT [U·l-1] 117 48 ± 11 115 53 ± 11 0.001

AST [U·l-1] 115 113 ± 22 116 114 ± 21 0.818

TP [g·dl-1] 117 7.1 ± 0.3 117 6.7 ± 0.3 < 0.001

The numbers of rats cover all subgroups of the experiment. Comparisons were carried out by a non-paired Student’s t-test.
n – number of samples, SD – standard deviation, p – statistical significance.
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was affected only by increasing rates of SDOA 
supplementation, just as ALT and AST levels 
were, indicating an increase in healthy liver func-
tion. In healthy individuals who have completed 
biological development and do not have any kid-
ney or gastrointestinal disease, any decrease of se-
rum ALB and TP levels may indicate insufficient 
hepatocyte biosynthesis [19]. One of the major 

reasons for a decline in biosynthetic functions is 
feeding with a low protein diet [19]. Hence, low 
protein content of SDOA may be the reason of 
decrease in serum protein levels. In addition, rats 
have a strong immune system that causes an in-
crease in the synthesis of immune globulins at the 
expense of decreased serum ALB levels [12]. This 
hypothesis is also a possible explanation for the 

Fig. 1. Effects of sex and feeding periods on serum proteins and liver enzymes in rats.

A, B, C, D and E indicate serum ALB, TP, ALT, AST and ALP differentiation, respectivelly.
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weaker reduction in serum TP levels compared 
to the serum ALB levels in our study [12]. In the 
present study, it was determined that the serum 
ALB levels of male rats were more affected than 
females’ by the increase of SDOA supplementa-
tion rates. This can be attributed to the combina-
tion of the low protein content of SDOA and with 
the fact that male rats have higher energy require-
ments than females [20]. Despite being in the age 
of fertility, the females were not yet nulliparous. 
A rapid decrease in ALB levels in male rats was 
also suggested by MAC QUEEN and colleagues, who 
determined an age-related decrease in serum ALB 
and TP levels of rats, which is in concordance with 
our results [21]. In this regard, lower serum ALB 
and TP levels in males than in females may be ac-
ceptable physiologically [22]. On the other hand, 
in the case of enzymes, SDOA led to a more pro-
nounced increase of liver functions in females than 
in males. This is supported by the fact that the en-
zyme levels in female rats were more affected by 
the increase of SDOA supplementation rates than 
males.

Consequently, 1% SDOA supplementation can 
be considered as the most suitable rate due to the 
combination of a positive effect on enzyme levels 
and a moderately decreasing effect on serum TP 
levels. However, taking into account the continuity 
of nutrition, balanced nutrition criteria, metabo-
lism and natural eating habits of rats, although 
a 30-day duration appears as the most appropriate 
feeding period, our data do not facilitate to con-
clude that this is the ideal SDOA feeding period.

Acknowledgements
This study was supported by Inonu University 

Scientific Research Fund (Project number: 2010/74). 
We would like to thank the Inonu University Scientific 
Research Projects Unit for the financial support. 

REFERENCES 

 1. Georgiou, N. A. – Garssen, J. – Witkamp, R. F.: 
Pharma–nutrition interface: The gap is narrow-
ing. European Journal of Pharmacology, 651, 2011, 
pp. 1–8.

 2. Mainardi, T. – Kapoor, S. – Leonard, B. L.: 
Complementary and alternative medicine: Herbs, 
phytochemicals and vitamins and their immunologic 
effects. Journal of Allergy and Clinical Immunology, 
123, 2009, pp. 283–294. 

 3. Agudo, A.: Measuring intake of fruit and vegetables 
in FAO/WHO. Geneva : World Health Organisation, 
2004. 40 pp. ISBN 92 4 159282 6. 

 4. Kahlon, T. S. – Smith, G. E.: In vitro binding of bile 
acids by bananas, peaches, pineapple, grapes, pears, 
apricots and nectarines. Food Chemistry, 101, 2007, 

pp. 1046–1051.
 5. Boffetta, P. – Couto, E. – Wichmann, J. – Ferrari, P. – 

Trichopoulos, D. – Bueno de Mesqui ta, H. B. – 
van Duijnhoven, F. J. B. – Büch ner, F. L. – Key, T. – 
Boeing, H. – Nöth lings, U. – Linsei sen, J. – Gonza-
lez, C. A. – Overvad, K. – Niel sen, M. R. S. – Tjønne-
land, A. – Olsen, A. – Clavel-Chape lon, F. – Boutron-
Ruault, M. C. – Morois, S. – Lagiou, P. – Nas ka, A. – 
Benetou, V. – Kaaks, R. – Rohr mann, S. – Pani co, S. – 
Sieri, S. – Vi neis, P. – Palli, D. – van Gils, C. H. – 
Peeters, P. H. – Lund, E. – Brustad,M. – Enge set, D. – 
Huer ta, J. M. – Rodrí guez, L. – Sán chez, M. J. – 
Dorronsoro, M. – Barricarte, A. – Hallmans, G. – 
Johan sson, I. – Man jer, J. – Sonestedt, E. – Allen, N. E. – 
Bing ham, S. – Khaw, K. T. – Slimani, N. – Je nab, M. – 
Mouw, T.  – Norat, T. – Riboli, E. – Trichopoulou, A.: 
Fruit and vegetable intake and overall cancer risk in 
the European Prospective Investigation into Cancer 
and Nutrition (EPIC). Journal of the National 
Cancer Institute, 102, 2010, pp. 529–537.

 6. Vardi, N. – Parlakpinar, H. – Ozturk, F. – Ates, B. – 
Gul, M. – Cetin, A. – Erdogan, A. – Otlu, A.: Potent 
protective effect of apricot and -carotene on 
methotrexate-induced intestinal oxidative damage 
in rats. Food and Chemical Toxicology, 46, 2008, 
pp. 3015–3022.

 7. Hall, J. N. – Moore, S. – Harper, S. B. – Lynch, J. W.: 
Global variability in fruit and vegetable consump-
tion. American Journal of Preventive Medicine, 36, 
2009, pp. 402–409.

 8. Akin, E. B. – Karabulut, I. – Topcu, A.: Some compo-
sitional properties of main Malatya apricot (Prunus 
armeniaca L.) varieties. Food Chemistry, 107, 2008, 
pp. 939–948. 

 9. Haciseferogullari, H. – Gezer, I. – Ozcan, M. M. – 
Asma, B. M.: Post harvest chemical and physical-
mechanical properties of some apricot varieties culti-
vated in Turkey. Journal of Food Process Engineering, 
79, 2007, pp. 364–373.

 10. Yilmaz, I. – Temel, I. – Gursoy, S. – Dogan, Z. – 
Turkoz, Y.: Effects of sun dried organic apricot on 
some serum mineral levels in rats. International 
Research Journal of Pharmaceuticals, 2, 2012, 
pp. 62–67.

 11. Celik, I. – Suzek, H.: The hematological effects 
of methyl parathion in rats. Journal of Hazardous 
Materials, 153, 2008, pp. 1117–1121.

 12. Kaysen, G. A. – Dubin, J. A. – Müller, H. G. – 
Mitch, W. E. – Rosales, L. M. – Levin, N. W.: 
Relationships among inflammation nutrition and 
physiologic mechanisms establishing albumin levels 
in hemodialysis patients. Kidney International, 61, 
2002, pp. 2240–2249.

 13. Dufour, D. R.  – Lott, J. A. – Nolte, F. S. – 
Gretch, D. R. – Koff, R. S. – Seeff, L. B.: Diagnosis 
and monitoring of hepatic injury. I. Performance 
charac teristics of laboratory tests. Clinical 
Chememistry, 46, 2000, pp. 2027–2049. 

 14. Giannini, E. G. – Testa, R. – Savarino, V.: Liver 
enzyme alteration: a guide for clinicians. Canadian 
Medical Association Journal, 172, 2005, pp. 367–379. 

 15. Das, S. – Sarma, G.: Study of the hepatoprotec-



Yilmaz, I. et al. J. Food Nutr. Res., 52, 2013, pp. 101–106

106

tive activity of the ethanolic extract of the pulp of 
Euge nia jambolana (Jamun) in albino rats. Journal 
of Clinical and Diagnostic Research, 3, 2009, 
pp. 1466–1474.

 16. Bilal, R. – Zakaria, M. – Usman, A. – Zia, A.: 
Comparison of simvastatin with Eugenia jambolana 
fruit pulp in their effects on alanine transferase, 
aspartate aminotransferase and creatinine phos-
phokinase levels of hyperlipidaemic rats. Journal 
of the Pakistan Medical Association, 61, 2011, 
pp. 1190–1194.

 17. Jacobs, D. S. – DeMott, W. R. – Oxley, D. K.: Jacobs & 
DeMott laboratory test handbook. 5th ed. Hudson : 
Lexi-Comp, 2001. 1031 pp. ISBN 1-930598-42-4.

 18. Moss. D. W.: Physiochemical and pathophysiological 
factors in the release of membrane-bound alkaline 
phosphatase from cells. Clinica Chimica Acta, 257, 
1997, pp. 133–140.

 19. Doumas, B. T. – Peters, T.: Serum and urine albumin: 

a progress report on their measurement and clini-
cal significance. Clinica Chimica Acta, 258, 1997, 
pp. 3–20.

 20. Edwards, D. G. – Dean, J.: The responses of rats to 
various combinations of energy and protein. II. Diets 
made from natural ingredients. Laboratory Animals, 
19, 1985, pp. 336–343.

 21. MacQueen, H. A. – Wassif, W. S. – Walker, I. – 
Sadler, D. A.– Evans, K.: Age-related biomarkers 
can be modulated by diet in the rat. Food and 
Nutriton Science, 2, 2011, pp. 884–890. 

 22. Giknis, M. L. A. – Clifford, C. B.: Clinical labora-
tory parameters for Crl:WI (Han) rats. Wilmington : 
Charles River Laboratories, 2008 [cited 24 Jan 2012]. 
<http://www.criver.com/sitecollectiondocuments/
rm_rm_r_wistar_han_clin_lab_parameters_08.pdf>

Received 25 March 2013; revised 10 April 2013; accepted 
11 April 2013.


