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Abstract  

 Phytic acid is a major complication in monogastric animals such as pig and poultry. 

Phytic acid is the storage form of phosphorous that must be broken, however monogastric 

animals lack the enzyme, phytase, to break down phytic acid. The lack of phytase ultimately 

results in excess waste which further leads to eutrophication. Fortunately, with all the studies 

done on the effect it has on animals, the type of phosphorous isomer, and the amount of 

phosphorous a solution is bound to come. In this case, the solution is phytase, which can be 

placed into the food.  

 

Introduction 

 Phytic acid, also known as myo-inositol 1,2,3,4,5,6-hexakis dihydrogen phosphate, is the 

storage form of phosphorus1-7. Phytic acid has some remarkable properties for humans. Phytic 

acid can prevent cancer; however, phytic acid is not so fortunate for monogastric animals.  

Phytic acid has chelating characteristics, meaning it is able to bond to metal ions. This inhibits 

absorption of different metals in the digestive system which could result in effects to the 

protein’s structure. This can drastically slow down the enzymatic activity. Phytic acid can be 

found in vegetables, oats, and grains. Monogastric animals, such as fish, pig and poultry, are 

unable to digest phytic acid. Unfortunately, phytic acid is found in their feed; which results in 

excessive waste causing harm to waterways. The excess waste causes eutrophication. 

Eutrophication is excessive nutrients in the waterways, in this case it is phosphorus. Having 



excess nutrients in the water increases the number of algae. Some algae can even be toxic to the 

organisms living in the water.  Phytic acid may also cause delayed degradation of polyvalent 

cations that can be formed after being released into the soil. When phytic acid is released into the 

soil it can have interactions with other compounds in the soil making polyvalent cations. 

Polyvalent cations are positive ions for example Fe3+ or Ca2+. 

Monogastric animals lack the enzyme, phytase, to degrade phytic acid. Phytase is needed 

to break down phytic acid1. Phytase hydrolyzes the phosphate esters in the phytic acid, this 

causes dephosphorylation. This then releases the phosphorous so animals can digest and absorb 

the phosphorous. The aim of this review is to portray the harmful effect that phytic acid has on 

monogastric animals1.  

Evidence 

The article, Feed intake, feed utilization and feeding – related gene expression response 

to dietary phytic acid for juvenile grass carp (Ctenopharyngodon idellus) studies the negative 

effects of phytic acid in juvenile grass carp1. This article discusses the results in intake of food, 

usage of food, and growth of the feed. Being unable to degrade phytic acid, it resulted in the fish 

feeling full. This lack of hunger decreased the usage of the feed, in other words they ate less 

feed, which resulted in excessive quantity of the feed to grow. Unfortunately, the main fish feed 

contains phytic acid. The main objective was to determine how the dietary-grade levels of phytic 

acid effect grass carp.    

To begin the study, fish were brought from the Fish Center in Xianto, Hubie China and 

were placed in two 1000 L tanks1. After fifteen days of acclimation to the tank they were split 

again into nine 300 L tanks where they adapted for two weeks. During this time, the fish were 

kept on a strict diet. On this diet, the fish were fed at eight in the morning and four in the 



afternoon. After the two-week adaptation the fish were starved for twenty-four hours and the 

length and weight of the fish were recorded.  

Next, three levels of phytic acid were made1. The three levels made were 0, 5, and 40 g 

kg-1. Each concentration was then randomly assigned to a tank. The fish were fed these levels 

again at eight in the morning and 4 in the afternoon. The weight of the food was taken by 

siphoning two hours after feeding and then drying the food. The three levels of phytic acid were 

used to test the for: weight gain, specific growth rate, feed intake, protein efficiency ratio, protein 

retention efficiency, and survival ratio. To test survival ratio, weight gain, and specific growth 

rate the fish were anesthetized and weighed. Then random fish were dried, and the nitrogen in 

crude protein was determined by the Kjeldahl method. There are three steps to successfully 

determine the amount of protein in samples. The first step was to digest the sample in sulfuric 

acid. This converts any of the nitrogen in the sample to become ammonium. The second step was 

distillation where, the ammonium ions are then made into ammonia gas. The ammonia gas was 

trapped and becomes the ammonium ion again. The amount of ammonia gas trapped was then 

determined with titrations. After obtaining results of the amount of nitrogen in the sample, the 

protein efficiency ratio and protein retention efficiency were calculated. Mineral contents in diets 

and feces were determined by flame atomic absorption spectrophotometers. There data showed 

that when phytic acid was increased the final weight, weight gain, specific growth rate, feed 

intake, protein efficiency ratio, protein retention efficiency, and survival ratio all decreased. The 

apparent digestibility coefficient was also measured using fecal matter which was frozen and 

freeze dried to analyze the quantity of phosphorus, calcium, and crude protein. An apparent 

digestibility coefficient (ADC) was measured using chromic oxide was used as a marker.  



Phytic acid also affected the feeding related gene expression in a negative way1. The 

brains of three fish in each group were frozen in liquid nitrogen and stored at -80°C. This is the 

optimum temperature for DNA or RNA to survive for many years. The RNA was isolated and 

extracted to measure purity and quantity. A polymerase chain reaction assay was also done to 

determine the expression level. The determination of the expression level was done using gene-

specific primers. The gene-specific primer was �-actin. This primer was used as a reference. The 

quantification of gene expression levels were done relative to the expression of �-actin.  Then an 

assay was done to measure cocaine-and amphetamine regulated transcript (CART) and 

cholecytoskin (CKK) levels. CART is appetite inhibiting and CKK stimulates the release of bile 

into the intestine. Ghrelin stimulates the appetite and neuro peptide Y (NPY) stimulates food 

intake and the body weight. CART and CKK levels were both increased, whereas Ghrelin 

expression and NPY were reduced. Amounts of 0.5% or 1% phytic acid can cause significantly 

reduced levels in weight, growth rate, intake, protein efficiency, and survival ratio.  

Distribution of inositol phosphates in animal feed grains and excreta: distinctions among 

isomers and phosphate oxygen isotope compositions, written by Mingjing Sun and Deb P. Jaisi is 

a study to identify compositions of natural phosphorous sources (IPx)2. Identification of the 

compositions of phosphorous may link phytate to the amount of quantity of phosphorous that 

may be released. To begin collection of the various compositions of phosphorous, five different 

samples of soybean and corn were collected from different farms. They were collected from the 

Delmarva Peninsula from the months of September to October. The next collection were feces, 

also from the farms on the Delmarva Peninsula which was collected from March to April. The 

feces collected was from cattle, horse, sheep, and cow. The feces were freeze-dried after 

collection. Using inductively coupled plasma optical emission spectroscopy (ICP-OES) the 



phosphorous content was analyzed. Samples were then extracted and purified and separated 

using high-performance ion chromatography (HPIC). Using HPIC, it proved the amount of 

isomers of phosphorous in the samples. HPIC was used because of its capability to separate up to 

35 isomers. To confirm the ions separated, pure sample were bought and the retention times were 

compared. Then isotopic fractionation was calculated for oxygen and water using a standard 

enzyme assay.  

The composition of phosphorous was 20.5 to 24.2% where water and oxygen were 0.4 to 

3.2% heavier2. It also showed that IP6 was the dominant isomer, where IP5 and IP4 were not as 

dominant and IP3 was insignificant. 

 The article, A Novel and Rapid Colorimetric Method for Measuring Total Phosphorous 

and Phytic Acid in Foods and Animal Feeds, by Vincent A. McKie and Barry V. McCleary aims 

to create a simple method, a colorimetric method, to quantify phosphorous in food and animal 

feed3. To begin this process, a color reagent is made to determine phosphorous. The color 

reagent is made using two different solutions, A and B. Solution A contains ascorbic acid, 

sulfuric acid and distilled water. Solution B contains ammonium molybdate and distilled water. 

Then for every 5 parts of solution A one part of solution B was added. Then phytase and ALP 

buffers were prepared. The phytase buffer was used to degrade phytic acid. Phytic acid was then 

extracted from food or feed samples. The phytic acid was dephosphorylated and the amount of 

free phosphorous was determined by the color reagent. The linearity of the phytic acid assay was 

found by making a calibration curve. Using this method, the total phosphorous and phytic acid 

was calculated. This method used gave results of 3.0g phytic acid/ 100g sample.  

 Guohua Li’s article, Characterization of Phosphorous in Animal Manures Collected from 

Three (Dairy, Swine, and Broiler) Farms in China, had a purpose to identify and quantify the 



main phosphorous species in different manure4. This study was conducted due to the high level 

of fecal matter in China. The high levels of fecal matter resulted in eutrophication; and the 

species causing the unfortunate phenomenon was unknown.  

 The procedure in this study involved dairy and swine manure, and broiler litter. Manure 

was taken from three different farms and place into a portable refrigerator4. Samples of the 

animal feed was also taken. Three procedures were done to determine the concentration of 

phosphorous: ICP-OES, sequential fractionation extraction, and NaHCO3 and NaOH+EDTA 

extraction. Finally, 31P-NMR spectra were obtained. The results showed P concentration of 

animal manures in swine manure 32g P kg-1, 14g P kg-1 in broiler litter, and 7 g P kg-1 in dairy 

manure for the ICP-OES procedure. Sequential fractionation averaged 7.4 g P kg-1 beef, 6.5 g P 

kg-1 in dairy, 19.4 g P kg-1 in turkey, 21.2 g P kg-1 in chicken, 33.9 g P kg-1 in swine manure. In 

the NaHCO3 and NaOH+EDTA extraction had was 7.5, 32.4, and 15.8 g P kg-1 in dairy manure, 

swine manure, and broiler litter, respectively. The results are 9, 34, and 29% of total 

phosphorous in dairy manure, swine manure, and broiler litter, respectively. Dairy manure total 

phosphorous was the most water-soluble being at 87%, followed by 69% for broiler litter, and 

48% for swine manure. The total phosphorous being water soluble causes it to be easily lost into 

the environment.  This experiment shows that swine manure has the most phosphorous in the 

waste, using phytase, China will be able to significantly lower eutrophication.  

In the article, Interaction between protein, phytate, and microbial phytase. In vitro 

studies, by Arie K. Kies discusses the effect of phytase has on protein digestion5. The experiment 

studied if feed has protein-phytate complexes and if they can be seen in the stomach of 

monogastric animals. Finally, what phytase may do upon hydrolysis of the protein from the 

phytate-protein complex by pepsin.  The feed used to conduct the experiment is corn, canola 



meal, rice pollards, soybean meal, sunflower seed meal, and casein. The feed was air-dried and 

extracted. Using the Kjeldahl method the protein content was measured. The relative protein was 

measured with a protein assay. Then HPLC was used to analyze the phytic acid. Finally, 

electrophoresis was done to separate and quantify the proteins by their molecular weight. 

 To analyze the amount of proteins bound with phytate exclusion chromatography5. The 

same study was then conducted at different pH’s. Then another analysis was done to determine 

the ratio of protein to phytic acid in the complex which was measured at a pH of 2 and 3. At 

different pH’s phytic acid may make complexes with proteins. Using FTU, phytase the effect of 

phytase on the protein-phytate complex was studied. FTU is where the phytase activity releases 1 

µmol of orthophosphate from 5.1mM sodium phytate per minute. To test the effect of phytase on 

the protein-phytate complex 2.91 FTU phytase was added to a solution of phytic acid. This was 

done before the addition of protein extract. The next study was the release of protein from the 

complexes: pepsin (FIP-U), pepsin phytase (4 FTU), or no enzyme. The final study was the 

determination of proteins in the casein-phytate.  

The results showed that the total soluble protein was between the range of 53% to 82%5. 

At pH 2 or pH 8 and higher the protein was completely soluble. Between the pH 3-5 it 

precipitated. An increase in phytate decreased the dissolvability of the protein proving the 

protein-phytate complexes were made. The relative amount of protein, in a protein-phytate 

complex, without the addition of phytase was mainly 100% except for rice pollards which were 

at 22% at pH 2 and 3-89% at pH 3. The relative amount of protein with phytate ranged from 1-

63% at pH 2 and 0-81% at pH 3. The relative amount of protein with phytate and phytase ranged 

from 90-100% at pH 2 and 4-82% at pH 3. Phytase prevented the formation of complexes, which 

may be aid the digestibility in animals.  



Discussion 

 Dr. Liu’s article discovered that phytic acid decreased the weight gain, feed intake, feed 

usage, and digestive enzyme activity in the fish1. With these decreased levels it can cause 

disastrous harm to the waterways. By reducing the feed intake, there is excess amounts of feed 

left in the waterways. The excess feed in combination with eutrophication, can result in an algal 

bloom. If there is a large number of algae, some are sure to be toxic to the marine life.  

An increase in CART and CKK were seen, and a decrease in Ghrelin expression and 

NPY were seen1. As stated previously CART inhibits appetite and CKK stimulated the release of 

bile into the intestine. Ghrelin stops appetite and NPY stops food intake and body weight 

increase. If there is an increase in CART and CKK it forces fish to not have an appetite and 

vomit much more. This causes many problem in the waterways as previously stated. The 

reduction in Ghrelin and NPY increases the quantity of feed in the water.  

Dr. Sun’s study of the composition of phosphorous found that IP6 isomer was dominant 

in comparison to IP5 and IP4
2. Understanding the dominant isomer can be very helpful. This can 

lead to future work in the degradation of IP6. One enzyme known to degrade phytic acid is 

phytase. This study provides a motivation for the future of phytase.  

 Dr.McKie’s study uses a cheaper and easier method to find the total phosphorous and 

phytic acid. The result gave 3.0 phytic acid/ 100g sample3. This colorimetric method is easy and 

cheap to achieve. This method showed the amount of phytic acid found in 100g sample. This can 

also be implemented after phytase has been added to a solution containing phytic acid. This will 

allow scientists to determine how much phytic acid is left over after the use of the enzyme, 

phytase.  



 Dr. Li’s article describes the total phosphorous in dairy manure, swine manure, and 

broiler litter which have percentages of 9, 34, and 29%, respectively4. Swine manure has the 

largest amount of phosphorous. This information can prevent the amount of swine manure, 

maybe by using different feed or breeding less pigs. This is also helpful for other countries, as 

they implement their own methods on preventing the amount of phosphorous in feces.  

 Dr. Kie’s study shows that at a pH 2 and pH 8 or higher dissolves phytic acid5. The 

protein is also being degraded at these pH’s. Implementing these results in future work is very 

important. It is easy to see that degradation of phytic acid at physiological pH’s is difficult 

because it precipitates, which clearly shows that phytic acid is hard to degrade naturally. This 

difficult degradation process proves the unfortunate phenomenon of eutrophication.  

Solutions 

 Phytase is a wonderful solution for monogastric animals1,8. Monogastric animals lack of 

phytase, does not allow for the break down of phytic acid. Phytase can be found in grains in the 

aleurone layers. However, at high temperatures or under centrifugation the phytase is lost. 

Fortunately, phytase an also be derived from fungi and bacteria. Bacterial phytase works much 

better than fungal phytase. To apply phytase into the diet, liquid phytase is added to the pellet. 

 Phytases work by catalyzing the removal of phosphate9. This is a stepwise removal where 

it initially starts with IP6, then IP5, and so on. The phytase hydrolyzes the phytic acid and then 

begins the removal process.  

Conclusion 

 Phytic acid is a storage form of phosphorous, which can not be digested by monogastric 

animals1-9. Phytic acid poses many problems such as eutrophication and excess waste. These 



studies show the most common species of phosphorous, the amount of phytic acid in samples 

before and after degradation, and the causes of eutrophication. Fortunately, there is a solution 

called phytase which can be administered into the food to reduce the excess waste.  
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