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Abstract :

Strawberry are elevated source of dietary oxalate, consumption of large amounts of oxalate can cause oxalises and elevated urinary oxalate excretion. This study was designed to investigate the effect of strawberry as a source of oxalate on calcium absorption in rats. Thirty male albino rats were divided into five groups each of six rats.(1)control, (2) fed basal diet containing strawberry 10%, (3) fed basal diet containing strawberry 20%,(4) fed basal diet containing strawberry 30% and (5) fed yoghurt with strawberry. The Experiment period was (35 days). The results concluded that strawberry 10% and 20% with or without yogurt had no significant difference in serum total protein, AST and ALT comparing with control group. While strawberry 30% with or without yogurt had significant decrease in total protein. In addition , there were variable data in urea , uric acid and creatinine for groups fed on different levels of strawberry without yogurt(10%,20% and 30%) comparing with control group. While strawberry with yogurt had no significant difference in serum urea, uric acid and creatinine comparing with control group. Furthermore, there were significant decrease in serum calcium and phosphors for all groups fed on 10, 20 and 30% strawberry without yogurt than group fed on strawberry with yogurt comparing with control group.   
Introduction


Oxalic acid and oxalates are qualified as antinutritional factors because they from non-absorbable insoluble compounds with ca, Fe and Mg rendering these materials unavailable. ( Savage ,et al .,2000 ).


The main sources of dietary oxalate are plants and plant products. Oxalate occurs in plant tissue as soluble and insoluble salts. Soluble oxalate includes sodium hydrogen oxalate, potassium hydrogen oxalate and free oxalic acid. Poorly soluble oxalate salts are magnesium salts. Insoluble salts are calcium oxalate (Ca ox) crystals. These crystals consist of one of two hydration forms, monohydrates or dihydrates and located with cell (most –oxalates were found within the vacuoles cells ) or in their cell walls  . These shapes of (Ca ox) crystals vary considerably and are described as raphides druses and crystal sand (Horner, 1980; Harson, 1997 and Nakata, et al., 2000) 

        Cervera, et al., (1998) reported that spinach, rhubarb and beet leaves have to be rich in oxalates with higher contents in leaves than in the stalks (rhubarb) or the roots (beets and carrots). 


Also apart from a few foods that are known to be good sources of oxalates in general, there is a lack of available data on the oxalate content of common foods (Nooman and Savage, 1999).


The amount of oxalate ingested can make it difficult for the body to absorb calcium from food and also it may be an important risk factor in the development of idiopathic calcium oxalate nephrolithiasis (Holmes, et al., 1995 and Holmes and Kennidy, 2000).


Grentz and massey (2002) indicated that moderate level of oxalate consumption, about one half of urinary oxalate derives form the diet in health people without gastrointestinal disease. Thus far, nine foods have been shown to increase urinary oxalate. These foods are spinach , rhubarb , beets , chocolate , nuts , tea, wheat bran , strawberries and soya foods , which should be limited in the diets of patients susceptible to kidney stone formation .In addition , including more calcium –rich foods with meals can reduce urinary oxalate excretion as dietary calcium appears to bind oxalate in the gut lumen reducing its absorption . Thus , evidence suggests that limiting dietary intake of high oxalate foods and increasing calcium intake with meals may reduce urinary oxalate and may decrease renal stone formation . 


Consumption of large amounts of oxalate can cause oxalises and elevated urinary oxalate excretion. An increase in urinary oxalate concentration has much greater effects on calcium oxalate crystallization than an increase in calcium concentration (Finlayson 1974).


Holmes and Kenndy (2000) found that the contribution of dietary oxalate to urinary oxalate is between 10 and 72%.
 Hesse,et al., (1999) found that oxalate absorption correlates with oxalate excretion and that intestinal oxalate absorption of subjects with a history of stone formations was significantly higher than the absorption rate of healthy subjects .


Nakata and MCCon (2000) indicate that the bioavailability and the intestinal absorption of oxalate may depend on the ratio of soluble and un-soluble oxalate. 


The total amount of body calcium is in constant balance with food sources from the outside and with tissue calcium within in body among its various parts. A number of dynamic balance mechanisms are constantly at work to maintain these levels within normal ranges.


This investigation was designed to study the effect of strawberry as oxalate source on calcium absorption using experimental animals.

Materials and Methods :

Materials:


Strawberry (Fragaria. Sp) was obtained from local market prepared. Kept in Deep freezer (-18oc). Yoghurt with strawberry was obtained from local market.

Animals:


Thirty (30) male albino rats were purchased from Helwan farm of laboratory Animals.


The average weight were 60( 5. of the animals were and kept under observation for one week before experiment and fed on standard diet according to NRC (1995) and water ad-Libitum.


The diet composition is clarified in table (1) Animals were randomly divided into five groups each of six rats.

Group (1): Were fed basic diet (control).

Group (2): Were fed standard diet containing strawberry 10%.

Group (3): Were fed standard diet containing strawberry 20%.

Group (4): Were fed standard diet containing strawberry 30%.

Group (5): Were fed yoghurt with strawberry.


The Experiment period was (35 days).
Table (1): Composition of experimental diets (g/kg)
	Ingredient
	Control

g/kg
	10% strawberry g/kg
	20% strawberry g/kg
	30% strawberry g/kg
	Yoghurt with strawberry

	Casein ((80%)

Corn oil

Vitamin mix

Mineral mix

Cellulose

D.L.Methionine

Strawberry

Corn starch.
	150

100

10

40

50

3

-

647
	150

100

10

40

50

3

100

547
	150

100

10

40

50

3

200

447
	150

100

10

40

50

3

300

367
	150

100

10

40

50

3

-

647



The animals were fastened overnight before scarified, Blood samples were collected in test tubes from each rat and centrifuged at 3000 rpm for 15 min, serum was kept frozen till analyzed. Organs (Liver, Spleen, Heart, Kidney Testicle, Brain and Fumar Bones) were removed and weighted. Feed efficiency ratio was calculated from the data each rat using the following equation.
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Food Efficiency Ratio = 

Serum was analyzed for:


Total protein according to the method described by R.J. Henry (1964).

ALT and AST using the method of Reit mans (1957).

Uric Acid was analyzed by the method of Fossati P. et al (1980).

Creatinine was carried out as reported by Henry R.J (1979).

UREA was determined according to methods patton C.J. (1977).

Serum calcium and phosphorous were analyzed by atomic absorption spectrophotometer according to versieck (1984).

Femur bones were analyzed by spectrophotometer according to Bara nowska et al., (1996).

Statically analysis:


The results of biological experiments were statistically analyzed according to (SAS, 1996).

Histological examination:

Rat’s organs were subjected for histological examination, according to the method of Drury and Walligton (1980).
Results and discussion 

From the data in table (2) and figure (1, 2&3), it explain initial weight , final weight , body weight gain , mean of food intake and food efficiency ratio (FER) for rats feed on strawberry 10%, 20%, 30% ,  yoghurt with strawberry and control . 

Table (2): Effect of feeding strawberry 10%, 20% and 30% on body weight gain and food efficiency ratio.
	Dietary treatments
	Initial weight (gm)
	Final weight (gm)
	Body weight gain
	Food intake (gm)
	FER

	
	
	
	gm
	%
	
	

	Control normal diet
	58.37

+3.05
	135.66
( 4.04
	77.3
( 2.21
	132.31
	14.67

( 0.471
	5.27
( 0.15

	Normal diet +10% strawberry
	61.20

( 2.93
	159.83
(4.04
	98.63
( 1.35
	161.3
	14.50

( 1.080
	6.83
( 0.67

	Normal diet +20% strawberry
	60.43

( 4.80
	97.33         *
( 6.63
	36.90    *
( 3.5
	61.31
	11.55

(1.35
	3.2   *
( 0.09

	Normal diet +30% strawberry
	63.03

( 5.39
	149.59
( 7.18
	86.50
( 2.82
	137.8
	14.66

( 0.47
	5.90
( 0.39

	Normal diet + yoghurt with strawberry
	54.20

( 4.35
	96.60         *
( 2.88
	42.46   *
( 5.14
	78.88
	13.00

( 1.63
	3.33  *
( 0.7


FER = Food Efficiency ratio

Significant * p< 0.05                   ** p< 0.01
From these data, it could be observed that significantly decrease for groups 20% and yoghurt with strawberry (p≤0.05) in final weight , body weight gain and F.E.R. compared with control group. While there are no significant difference in other groups comparing with control group. From the same data it could be revealed that , no significant 
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figure(4):Effect feeding strawbrry 10%,20%and 30%on liver function of rats .
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Difference between all groups in food intake and initial weight of rats .  This results were agreement with Carlton, et al., (2001) who reported that , there were no remarkable differences in mean body weight or food consumption for addition of 5% and 10% freeze dried strawberries in the diet of rats . 
Table (3): Effect of feeding strawberry 10%, 20% and 30% on organs weight and the percentage between the organs weight and body weight of rats.
	Dietary Treatments
	Final weight
	Liver weight
	Spleen weight
	Kidney weight
	Heart weight
	Brain weight
	Femur bones weight

	
	gm
	gm
	%
	gm
	%
	gm
	%
	gm
	%
	gm
	%
	gm
	%

	Control normal diet
	135.66 ( 4.04
	6.90( 0.36
	5.08( 20
	0.40( 0.0
	0.29( 0.01
	1.00( 0.0
	0.73( 0.04
	0.60( 0.0
	0.44( 0.02
	1.23( 0.25
	0.90( 0.12
	0.66( 0.15
	0.48( 0.10

	Normal diet

+ 10% strawberry
	159.83 ( 4.04
	7.56( 0.25
	4.73( 0.28
	0.53( 0.15
	0.33( 0.06
	0.90( 0.10
	0.56( 0.02
	0.56( 0.11
	0.35( 0.05
	1.53( 0.11
	0.95( 0.02
	1.00( 0.26
	0.63( 0.23

	Normal diet

+ 20% strawberry
	97.33 ( 6.63
	5.70( 1.96
	5.86( 0.93
	0.23( 0.05
	0.24( 0.05
	0.43( 0.15
	0.44( 0.06
	0.23( 0.11
	0.24( 0.08
	1.30( 0.10
	1.33( 0.32
	0.50( 0.0
	0.51( 0.06

	Normal diet

+ 30% strawberry
	149.59 ( 7.18
	7.20( 0.32
	4.81( 0.36
	0.40( 0.0
	0.26( 0.03
	0.93( 0.11
	0.62( 0.07
	0.55( 0.08
	0.36( 0.01
	1.60( 0.0
	1.06( 0.12
	0.60( 0.0
	0.40( 0.05

	Normal diet + yoghurt with strawberry
	96.60 ( 2.88
	5.28( 0.54
	5.49( 1.56
	0.36( 0.05
	0.37( 0.05
	0.70( 0.0
	0.72( 0.31
	0.36( 0.05
	0.37( 0.08
	1.40( 0.10
	1.44( 0.51
	0.63( 0.15
	0.37( 0.13


From the data in table (3), it could be concluded that non significant difference between all groups in organs / body weight ration (liver, kidney, spleen, heart, brain and femur bones). This results were agreement with Carlton, et al., (2001) who reported that , there were no strawberry related toxicity in any of the tissues . 
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figure(6):Effect feeding strawbrry 10%,20%and 

30%on kidney function of rats .

Uric Acid mg / dl

Creatinine    mg / dl

Parameters
Groups
	Total protein

mg / dl
	GOT (AST)

( / L
	GPT (ALT)

( / L

	Control

normal diet
	7.35 ( 1.11
	6.33 ( 1.24
	5.33 ( 0.94

	Normal diet

+ 10% strawberry
	9.18 ( 0.65
	7.5 ( 2.04
	5.95 ( 1.29

	Normal diet

+ 20% strawberry
	8.67 ( 0.42
	6.67 ( 1.24
	5.29 ( 1.06

	Normal diet

+ 30% strawberry
	6.43 ( 0.90    *
	7.66 ( 0.47
	6.37 ( 0.704

	Normal diet + yoghurt with strawberry
	5.34 ( 0.51    *
	7.66 ( 0.47
	1.63 ( 0.37   **


Table (4) : Effect of feeding strawberry 10%, 20% and 30% on liver function of rats.
Significant * p< 0.05                   ** p< 0.01
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Results in table (4) and figure (4) showed that, significant decreased in total protein for rats fed on strawberry 30% and yoghurt with strawberry, while non-significant difference in other groups that fed on strawberry 10% and 20% compared with control group. This results were agreement with Noonan, (1999) .  From the same data, it could be observed that non significant difference between all group in ALT and AST compared with control group, except rats fed on yoghurt with strawberry had significant decreased (p≤0.01) in ALT compared with control group.
          From the data in table (5) and figure (5&6), it could be revealed that, significant increase for rats fed on strawberry 10% in urea and creatinine. This results were agreement with Fang , et al., (2001) who reported that The experimental group had a greater peak serum creatinine level (P < 0.05) when  established a connection between star fruit and acute oxalate nephropathy .While there were significant decrease for rats fed on strawberry 30% in urea compared with control group therefore other groups that fed on strawberry 20% and yoghurt with strawberry had non significant difference in urea , uric acid and creatinine compared with control group. This results were agreement with De O G Mendonca , et al ., (2003) that indicated that The consumption of dark chocolate induced a significant increase in mean urinary oxalate and not observed in the milk chocolate group. Thus, a 2-fold increase in oxalate intake in this population of calcium stone-forming (CSF) patients produced a significant 20% increase in oxaluria and not observed when Ca was consumed simultaneously.  

Table (5): Effect of feeding strawberry 10%, 20% and 30% on kidney function of rats.
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figure (7):Calcium and 

phosphures content in femur 

bones of rats . 

Calcium (ca)

Phosphors (p)

Ca / ph ratio

               Parameters
Groups
	Urea

mg / dl
	Uric Acid

mg / dl
	Creatinine

mg / dl

	Control normal diet
	37.04 ( 2.78
	5.65 ( 0.68
	0.76 ( 0.06

	Normal diet 

+ 10% strawberry
	44.4 ( 1.36   *
	6.70 ( 0.42
	2.14 ( 0.47   *

	Normal diet 

+ 20% strawberry
	37.11 ( 5.90
	5.65 ( 0.41
	0.85 ( 0.10

	Normal diet 

+ 30% strawberry
	30.01 ( 0.33   *
	5.35 ( 0.45
	0.88 ( 0.10

	Normal diet + yoghurt with strawberry
	35.93 ( 3.60
	6.47 ( 0.44
	0.954 ( 0.06


Significant * p< 0.05                   ** p< 0.01
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      From table (6) and figure (7), the result concluded that there were no significant differences between all groups in calcium and phosphorus concentration in femur bones compared with control group. This results were agreement with Noonan (1999) who reported that the occasional consumption of high oxalate foods as part of a mixed diet does not pose health problems. 
Table (6) Calcium and phosphors content in femur bones of rats (g/100g)
	[image: image10.png]


          Parameters
Groups
	Calcium (ca)

%
	Phosphors (p)

%
	Ca / ph ratio

%

	Control normal diet
	4.96 ( 1.9
	4.16 ( 1.5
	1.19

	Normal diet 

+ 10% strawberry
	5.18 ( 0.91
	5.098 ( 0.92
	1.01

	Normal diet 

+ 20% strawberry
	4.27 ( 0.70
	3.95 ( 0.19
	1.08

	Normal diet 

+ 30% strawberry
	4.79 ( 0.44
	4.66 ( 0.30
	1.02

	Normal diet + yoghurt with strawberry
	4.78 ( 0.76
	5.13 ( 1.2
	0.93


[image: image11.png]




              In table (7) and figure (8) the results had significant decrease for all groups fed on strawberry by 10 , 20 and 30% in calcium and phosphorus levels in serum comparing with control group, while rats fed on yoghurt with strawberry had nonsignificant in calcium and phosphorus in serum comparing with control group. This results were agreement with Heilberg (2000) ,  Massey et al ., (1993) ,Noonan (1999) and Von Unruh , et al ., (2004) who reported that high – oxalate diet result in low plasma calcium which my cause convulsions and high plasma oxalates than when diet contained milk (or equivalent dairy products giving Ca 300mg) daily .  From the same data there was no significant difference between all groups in Ca / Ph ratio.  
[image: image12.png]


Table (7): Content of calcium and phosphors in serum blood of rats (mg/dl)
	         Parameters
Groups
	Calcium (ca)

Mg/dl
	Phosphors (ph) mg/dl
	Ca / ph ratio

%

	Control normal diet
	17.92 ( 0.72
	18.50 ( 2.61
	0.96

	Normal diet 

+ 10% strawberry
	12.73 ( 2.7   *
	11.43 ( 0.99   *
	1.11

	Normal diet 

+ 20% strawberry
	8.28 ( 1.60   *
	10.30 ( 1.2     *
	0.80

	Normal diet 

+ 30% strawberry
	8.63 ( 3.13   *
	11.77 ( 2.35    *
	0.73

	Normal diet + yoghurt with strawberry
	14.50 (
	15.40 ( 1.08
	0.94


Significant * p< 0.05                   ** p< 0.01


Histopathological Examination: 
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تاثير الفراولة كمصدر للاوكسالات على امتصاص الكالسيوم فى فئران التجارب.

عيد على ذكى

قسم  الاقتصاد المنزلـي- كليـة التربيـة النوعيـة – جامعـة بنهـا*
الملخص العربى
 صممت هذة الدراسة لبحث تاثير الفراولة كمصدر للاوكسالات على امتصاص الكالسيوم فى ا لفئران .وقد استخدم ثلاثون فآرا من نوع الالبينو ، قسمت الى خمس مجموعات كل مجموعة ست فئران،(1) المجموعة الضابطة ،(2،3،4) تغذت على غذاء اساسى يحتوى على 10،20،30% فراولة على التوالى والمجموعة الخامسة تغذت على غذاء اساسى يحتوى على زبادى بالفراولة 30% واستمرت التجربة 35 يوما.

      وقد اظهرت النتائج عدم وجود اختلاف معنوى فى المجموعات التى تغذت على غذاء يحتوى على 10،20% والزبادى بالفروالة بالنسبة الى البروتين الكلى ووظائف الكبد بالسيرم. بينما المجموعة التى تغذت على الفراولة بنسنة 30% وجد بها نقص معنوى فى البروتين الكلى مقارنة بالمجموعة الضابطة.

    وقد وجد اختلاف بالنسبة للنتائج فى اليوريا وحمض البوليك والكرياتنين بالسيرم فى كل المجموعات التى تغذت على مستويات مختلفة من الفراولة – بينما وجد انة لايوجد اختلاف معنوى فى مجموعة الزبادى بالفراولة مقارنة بالمجموعة الضابطة .

     وقد اوضحت النتائج وجود نقص معنوى فى الكالسيوم الفسفور فى السيرم لكل المجموعات التى تغذت على الفراولة بالنسب المختلفة (10،20،30%) – بينما لوحظ عدم وجود فروق معنوية فى المجموعة التى تغذت على زبادى بالفراولة مقارنة بالكنترول.

       ونستخلص من هذة النتائج – التوصية بعدم الاكثار من استهلاك الفراولة – كما ان اضافة الزبادى يعمل على تقليل الاضرار الجانبية للفراولة بالنسبة لامتصاص الكالسيوم والفسفور.  
Body weight gain (g)
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Figure (10): kidney of rat in strawberry 10% group, showing degeneration of tubular epithelial lining with intralumenal albuminus cost.  H&E x 200








Figure (9): liver of rat in strawberry 10% group, showing degenerative changes of hepatocytes.


H&E x 200
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Figure (11): liver of rat in strawberry 20&30% groups, showing marked swelling of hepatocytes and narrowing of its sinusoids 


H&E x 200








Figure (12): kidney of rat in strawberry 20&30% groups, showing macrobiotic changes of tubular epithelial lining. 


H&E x 200
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