Can you tell me what oxalates are and in which foods they can be found?

Introduction

Oxalates are naturally-occurring substances found in plants, animals, and in humans. In chemical terms, oxalates belong to a group of molecules called organic acids, and are routinely made by plants, animals, and humans. Our bodies always contain oxalates, and our cells routinely convert other substances into oxalates. For example, vitamin C is one of the substances that our cells routinely convert into oxalates. In addition to the oxalates that are made inside of our body, oxalates can arrive at our body from the outside, from certain foods that contain them. 

Foods that contain oxalates

The following are some examples of the most common sources of oxalates, arranged by food group. It is important to note that the leaves of a plant almost always contain higher oxalate levels than the roots, stems, and stalks. 

· Fruits 

· blackberries, blueberries, raspberries, strawberries, currants, kiwi fruit, concord (purple) grapes, figs, tangerines, and plums 

· Vegetables (see Table 1 for additional information) 

· spinach, Swiss chard, beet greens, collards, okra, parsley, and leeks are among the most oxlate-dense vegetables 

· celery, green beans, rutabagas, and summer squash would be considered moderately dense in oxalates 

· Nuts and seeds 

· almonds, cashews, and peanuts 

· Legumes 

· soybeans, tofu and other soy products 

· Grains 

· wheat bran and germ 

· Other 

· cocoa, chocolate, and black tea 

Oxalates and health

Conditions that require strict oxalate restriction

There are a few, relatively rare health conditions that require strict oxalate restriction. These conditions include absorptive hypercalciuria type II, enteric hyperoxaluria, and primary hyperoxaluria. Dietary oxalates are usually restricted to 50 milligrams per day under these circumstances. (Please note: these relatively rare health conditions are different than a more common condition called nephrolithiasis in which kidney stones are formed, 80% from calcium and oxalate). What does 50 milligrams of oxalate look like in terms of food? One cup of raw spinach in leaf form (not chopped) weighs about one ounce, and contains about 200 milligrams of oxalate, so 50 milligrams for the day would permit a person to consume only 1/4 cup of raw spinach (and no other oxalate sources could be eaten during the day). 

Oxalates and kidney stones

The formation of kidney stones containing oxalate is an area of controversy in clinical nutrition with respect to dietary restriction of oxalate. About 80% of kidney stones formed by adults in the U.S. are calcium oxalate stones. It is not clear from the research, however, that restriction of dietary oxalate helps prevent formation of calcium oxalate stones in individuals who have previously formed such stones. Since intake of dietary oxalate accounts for only 10-15% of the oxalate that is found in the urine of individuals who form calcium oxalate stones, many researchers believe that dietary restriction cannot significantly reduce risk of stone formation. 

In addition to the above observation, recent research studies have shown that intake of protein, calcium, and water influence calcium oxalate affect stone formation as much as, or more than intake of oxalate. Finally, some foods that have traditionally been assumed to increase stone formation because of their oxalate content (like black tea) actually appear in more recent research to have a preventive effect. For all of the above reasons, when healthcare providers recommend restriction of dietary oxalates to prevent calcium oxalate stone formation in individuals who have previously formed stones, they often suggest “limiting” or “reducing” oxalate intake rather than setting a specific milligram amount that should not be exceeded. “Reduce as much as can be tolerated” is another way that recommendations are often stated. 

The effect of cooking on oxalates

Cooking has a relatively small impact on the oxalate content of foods. Repeated food chemistry studies have shown no statistically significant lowering of oxalate content following the blanching or boiling of green leafy vegetables. A lowering of oxalate content by about 5-15% is the most you should expect when cooking a high-oxalate food. It does not make sense to overcook oxalate-containing foods in order to reduce their oxalate content. Because many vitamins and minerals are lost from overcooking more quickly than are oxalates, the overcooking of foods (particularly vegetables) will simply result in a far less nutritious diet that is minimally lower in oxalates. 

Practical tips

For the vast majority of individuals who have not experienced the specific problems described above, oxalate-containing foods should not be a health concern. Under most circumstances, high oxalate foods like spinach can be eaten raw or cooked and incorporated into a weekly or daily meal plan as both baby spinach and mature, large leaf spinach can both make healthy additions to most meal plans. In short, the decision about raw versus cooked or baby versus mature leaf spinach or other oxalate-containing vegetables, for example, should be a matter of personal taste and preference for most individuals. But be sure to follow our Power Preserving Vegetable Cooking Chart cooking! Even though you might not need to worry about oxalates, you do need to worry about overcooking and destroying the incredible health-supporting value of your food! 

Table 1

	Raw Vegetable
	Oxalate content
milligrams per 100 gram serving

	Spinach
	750

	Beet greens 
	610

	Okra
	146

	Parsley
	100

	Leeks
	89

	Collard greens
	74


Adapted from the following sources: (1) United States Department of Agriculture, Human Nutrition Information Service, Agriculture Handbook Number 8-11, "Composition of Foods: Vegetables and Vegetable Products." Revised August 1984; (2) data gathered by LithoLink Corporation, a metabolic testing and disease management service for kidney stone patients, founded by Dr. Fredric Coe, a University of Chicago Medical School Professor, and posted on its website at www.litholink.com; (3)data presented by Holmes RP and Kennedy M. (2000). Estimation of the oxalate content of foods and daily oxalate intake. Kidney International(4):1662. 
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Nutritional Analysis of Kale, Cress and Dandelions

by Joe Heinen BS, DC
Data from the USDA and Canadian nutritional databases

	KALE, RAW 

Gram Weight: 100.0

Calories (kcal): 41.0

Energy (kJ): 170.0

Protein (g): 4.3
Carbohydrates (g): 3.1

Fat (g): 1.2

Total Dietary Fiber (g): 4.3
Vitamin A (RE): 842.0

Thiamin (mg): 0.15

Riboflavin (mg): 0.29

Niacin (mg): 2.8

Pantothenic Acid (mg): 

Vitamin B-6 (mg): 0.35

Total Folate (mcg): 60.0

Vitamin B-12 (mcg): 0.0

Vitamin C (mg): 124.0

Vitamin D (IU): 0.0

Vitamin E (IU): 8.046

Biotin (mcg): 

Vitamin K (mcg): 

Calcium (mg): 180.0
Chloride (mg): 

Chromium (mcg): 8.3

Copper (mg): 0.091

Fluoride (mg): 0.02

Iodine (mcg): 1.4 (counteracts the goitrogenic effect)
Iron (mg): 2.0

Magnesium (mg): 40.0

Manganese (mg): 0.5

Molybdenum (mcg): 2.0

Phosphorus (mg): 73.0
Potassium (mg): 264.0

Selenium (mcg): 5.0

Sodium (mg): 35.0

Zinc (mg): 0.3

 
	WATERCRESS, RAW 

Gram Weight: 100.0

Calories (kcal): 11.0

Energy (kJ): 46.0

Protein (g): 2.3
Carbohydrates (g): 1.29

Fat (g): 0.1

Total Dietary Fiber (g): 1.5
Vitamin A (RE): 470.0

Thiamin (mg): 0.09

Riboflavin (mg): 0.12

Niacin (mg): 0.2

Pantothenic Acid (mg): 0.31

Vitamin B-6 (mg): 0.129

Total Folate (mcg): 9.0

Vitamin B-12 (mcg): 0.0

Vitamin C (mg): 43.0

Vitamin D (IU): 

Vitamin E (IU): 1.49

Biotin (mcg): 

Vitamin K (mcg): 

Calcium (mg): 120.0
Chloride (mg): 

Chromium (mcg): 

Copper (mg): 0.077

Fluoride (mg): 

Iodine (mcg): 
Iron (mg): 0.2

Magnesium (mg): 21.0

Manganese (mg): 0.244

Molybdenum (mcg): 

Phosphorus (mg): 60.0
Potassium (mg): 330.0

Selenium (mcg): 0.9

Sodium (mg): 41.0

Zinc (mg): 0.11
	 DANDELION GREENS, RAW 

Gram Weight: 100.0

Calories (kcal): 45.0

Energy (kJ): 188.0

Protein (g): 2.7
Carbohydrates (g): 9.2

Fat (g): 0.7

Total Dietary Fiber (g): 3.5
Vitamin A (RE): 1400.0

Thiamin (mg): 0.19

Riboflavin (mg): 0.26

Niacin (mg): 0.806

Pantothenic Acid (mg): 0.084

Vitamin B-6 (mg): 0.251

Total Folate (mcg): 27.0

Folic Acid (mcg): 0.0

Vitamin B-12 (mcg): 0.0

Vitamin C (mg): 35.0

Vitamin D (IU): 

Vitamin E (IU): 3.725

Biotin (mcg): 

Vitamin K (mcg): 

Calcium (mg): 187.0
Chloride (mg): 

Chromium (mcg): 

Copper (mg): 0.171

Fluoride (mg): 

Iodine (mcg): 
Iron (mg): 3.1

Magnesium (mg): 36.0

Manganese (mg): 0.342

Molybdenum (mcg): 

Phosphorus (mg): 66.0
Potassium (mg): 397.0

Selenium (mcg): 0.5

Sodium (mg): 76.0

Zinc (mg): 0.41

 
	 TURNIP GREENS, RAW 

Gram Weight: 100.0

Calories (kcal): 27.0

Energy (kJ): 113.0

Protein (g): 1.5
Carbohydrates (g): 5.73

Fat (g): 0.3

Total Dietary Fiber (g): 3.2
Vitamin A (RE): 760.0

Thiamin (mg): 0.07

Riboflavin (mg): 0.1

Niacin (mg): 0.6

Pantothenic Acid (mg): 0.38

Vitamin B-6 (mg): 0.263

Total Folate (mcg): 194.0

Vitamin B-12 (mcg): 0.0

Vitamin C (mg): 60.0

Vitamin D (IU): 

Vitamin E (IU): 4.321

Biotin (mcg): 

Vitamin K (mcg): 

Calcium (mg): 190.0
Chloride (mg): 

Chromium (mcg): 

Copper (mg): 0.35

Fluoride (mg): 

Iodine (mcg): 
Iron (mg): 1.1

Magnesium (mg): 31.0

Manganese (mg): 0.466

Molybdenum (mcg): 

Phosphorus (mg): 42.0
Potassium (mg): 296.0

Selenium (mcg): 1.2

Sodium (mg): 40.0

Zinc (mg): 0.19

 


 

Many sites list watercress as a good food because it high in vitamins. The above chart shows otherwise. It is said that kale and turnip greens are bad because of their goitrogenic and oxalate properties.  But watercress is the highest in glucosinolate (goitrogens) ¹
In reality life isn't that cut and dry. Dandelions come highly recommended on these sites by the same experts that say that there is no acceptable levels of oxalates. But dandelions have almost twice as much oxalates as kale and turnip greens and watercress is the lowest.²
And oxalates have some interesting properties in animals. Seems animals can use them in the immune response³
	plant 
	oxalates mg/100g

	Kale 
	13 mg

	Watercress 
	10 mg

	Dandelion greens 
	24.6 mg

	Turnip greens 
	14.6 mg


1. McNaughton SA, Marks GC. Development of a food composition database for the estimation of dietary intakes of glucosinolates, the biologically active constituents of cruciferous vegetables.
Br J Nutr.  2003 Sep;90(3):687-97.  "The highest glucosinolate values were for cress (389 mg/100 g)"
2. http://www.oxbowhay.com/Shop/pdf/Greens_Listing_404.pdf
3. oxalates.pdf
I feel its very erroneous to eliminate a green just because it belongs to a particular family or because it contains a particular nutrient. One must look at the whole picture and base decisions on current research and nutritional databases. That is exactly what I have done on this site.
The other factor to consider is variety. Feeding a wide variety minimizes and negative effects while at the same time allowing our animals to reap the positive benefits.
