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I. Abstract 

 The breakdown of consumed proteins involves the production of ammonia which may lead to 
production of excess nitrogen in the body that needs to be excreted. Ammonia which is highly toxic in the 
human body is excreted in the form of urea. In this experiment, the Berthelot reaction was used to determine 
the ammonia content in the urine sample which was then subjected to UV-Vis at 630nm. The ammonia 
content of the sample was 441 mg/dL which is extremely higher than the normal range of 0.0095 to 0.049 
mg/dL. High levels of ammonia suggests that the liver and kidney are not properly working. Potential sources 
of error may be due to improper reagent preparation.  
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III. Introduction  

The breakdown of consumed proteins in 
humans involves the production of ammonia, 
which exists predominantly in the ammonium form 
in living systems. This production may lead to 
excess nitrogen in the body, and needs to be 
excreted (Berg, Tymoczko, Stryer, & Gatto, 2012; 
Garrett & Grisham, 2010). Since ammonia is highly 
toxic to the living system, it is converted to urea in 
the liver, making urea the primary end product of 
nitrogen metabolism (Kimball, 2011). 

 Several methods of ammonium level 
determination exist in clinical laboratories. One of 
these methods is the colorimetric determination 
using the Berthelot Reaction. In this reaction, 
ammonia reacts with the hypochlorite to form a 
monochloramine, which reacts with two phenate 
ions to form a blue indophenol dye (Searle, P., 
1984). The determination of the ammonium 
concentration in the blood and urine is used in 
clinical diagnosis of liver disorders, 
hyperammonemia and other diseases that may be 
caused by the increase of ammonium 
concentration in the system.  

The objective of this study is to determine 
the urinary ammonium concentration in mg/dL 
using the Berthelot’s Reaction, to compare the 
experimental results to clinically established 
values, and to make a brief reference to the 
importance of extracellular pH homeostasis. 

IV. Methodology 

The experiment was composed of two 

parts: the reagent preparation and the urine 

sample analysis. 

 For the first part of the experiment, different 

reagents were freshly prepared. First, the phenol 

reagent (PR) was made by preparing 50.0mL 

aqueous solution that is 0.53M phenol and 

0.95mM sodium nitroprusside. Then, the alkaline 

hypochlorite reagent (AHR) was made by 

preparing 50.0mL aqueous solution that is 0.625M 

sodium hydroxide and 0.028M sodium 

hypochlorite. Lastly, the ammonium standard (AS) 

was made by preparing 25.0mL of 0.0.35M 

ammonium sulfate solution with pH 2 adjusted by 

using concentrated sulfuric acid. The stock 

standard was then diluted to a 1:50 ratio with 

distilled water. 

 For the urine sample analysis, the urine 

sample was diluted to a 1:10 ratio with distilled 

water the test tubes were then prepared and 

labeled as blank, standard and sample with the 

standard and sample in 3 replicates. The reagents 

were then mixed according to the table below: 

Table 1. Sample preparation 

T. tube 

AH
R 
(mL
) 

AS 
(mL
) 

Urine 
sampl
e (mL) 

PR 
(mL
) 

dH2

O 
(mL) 

Blank 1.0 -- -- 1.0 0.2 

Standar
d 

1.0 0.2 -- 1.0 -- 

Sample 1.0 -- 0.2 1.0 -- 

 

The mixture was then mixed and incubated 

at room temperature for 20 minutes. After 

incubation the mixture was diluted with 10 mL 

distilled water and mixed thoroughly. The 

absorbance of the mixture was then measured at 

630nm and the concentration of ammonium was 

then calculated using the equation: 

𝑚𝑔 𝑁𝐻4
+𝑝𝑒𝑟 𝑑𝐿 𝑢𝑟𝑖𝑛𝑒 (

𝑁

𝑑𝐿
) =

𝐴𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑠𝑡𝑑 

 𝑥 𝐶𝑠𝑡𝑑 𝑥 𝐷𝐹 [1] 

V. Results and Discussions 

 When the amino groups in the body is no 
longer used for amino acid synthesis and other 
nitrogenous products, the amino groups are 
excreted out in the body in the forms of either 
ammonia, urea, or uric acid. Species that excretes 
the amino groups in ammonia form (e.g. fishes) are 
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called ammonotelic species, while the ones that 
excretes the amino groups in urea form (e.g. 
terrestrial animals) are called ureotelic species, 
and lastly, the species that excretes amino groups 
in uric acid form (e.g. birds and reptiles) are called 
uricotelic species (Nelson & Cox, 2012).  

 In humans, the nitrogen that comes from 
the breakdown of the amino acids enters the 
nitrogen metabolism pathway called the urea 
cycle. When humans consume protein from their 
diet, the nitrogen balance in the body must be kept 
constant in order to avoid complications in the 
body, such as hyperammonemia, which is a 
metabolic condition wherein the ammonia content 
in the blood is elevated than the usual 
concentration (Hyperammonemia: Practice 
Essentials, Background, Pathophysiology, n.d.), 
therefore the excess nitrogen from the breakdown 
of the amino acids must be excreted out of the 
body. Accumulation of ammonia in the body that 
leads to high levels of ammonia in the blood 
signifies that the kidney and liver are not working 
properly (Elevated Blood Ammonia Level – 
Symptoms, Causes, Treatments, n.d.). When the 
level amino acid catabolism in the body increases, 
levels of glutamate also increases, and the activity 
of the urea cycle also increases (Garrett & 
Grisham, 2010). 

 The amino groups that comes from the 
amino acids are collected in the liver in the form of 
glutamate. The glutamate in the liver then enters 
the mitochondria where an enzyme called 
glutamate dehydrogenase breaks the glutamate 
down to free the amino group as ammonia (Nelson 
& Cox, 2012). The free ammonium ion reacts then 
with carbon dioxide in the form of HCO3

- and two 
molecules of ATP (for activation), forming 
carbamoyl phosphate, which will now be the 
starting compound for the urea cycle.  The 
carbamoyl phosphate will now then react with 
ornithine, forming citrulline, which is then 
transported to the cytosol for further reactions in 
the cycle. When it enters the cytosol, aspartate will 
react with citrulline and another molecule of ATP, 
wherein it forms argininosuccinate. After it is 
formed, the argininosuccinate will split into 
arginine and fumarate, wherein arginine is 
hydrolyzed, producing urea and ornithine, which is 
sent back to the mitochondria and will be used 
again for the next cycle (Campbell & Farrell, 2013). 

 The conversion of ammonia to urea via the 
urea cycle is assisted by five different enzymes: 
carbamoyl phosphate synthetase I, ornithine 
transcarbamoylase, argininosuccinate synthetase, 
argininosuccinase, and arginase. From the 
reaction of the free ammonia with the HCO3

- and 
ATP, carbamoyl synthetase I is used to catalyze 
the formation of carbamoyl phosphate. From the 

reaction of carbamoyl phosphate and ornithine, the 
ornithine transcarbamoylase is used to form 
citrulline. The enzyme argininosuccinate 
synthetase catalyzes the reaction of citrulline and 
aspartate to form argininosuccinate. The fourth 
enzyme, which is the argininosuccinase, cleaves 
the argininosuccinate forming arginine and 
fumarate. Lastly, the arginase cleaves the arginine 
in order to produce urea and ornithine (Nelson & 
Cox, 2012). 

 

Figure 1. Urea Cycle (Retrieved from: 
www.studyblue.com) 

 In the experiment, the ammonia content of 
the urine sample was analyzed using the Berthelot 
reaction. The Berthelot reaction is used in order to 
determine the ammonia concentration of the body 
fluids by reacting the sample with the Berthelot’s 
reagent, or phenol-hypochlorite solution, 
producing a blue solution (Berthelot Reaction – 
Medical Definition, n.d.), forming indophenol blue.  
The solution produced by the reaction of ammonia 
and the Berthelot’s reagent was then subjected to 
spectrophotometry to determine the concentration 
present in the sample.  

 

Figure 2. Berthelot Reaction (Retrieved from: 
www.google.com) 
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The obtained result for the experiment was shown 
on the table below:  

Table 2. Experimental Result 

 Standard 
(Abs) 

Sample 
(Abs) 

1 0.346 2.459 

2 0.358 2.401 

3 0.344 2.465 

Average 0.349 2.442 

 

To compute for the concentration of the ammonia 
present in the urine sample, the equation [1] was 
used.  

𝑚𝑔 𝑁𝐻4
+𝑝𝑒𝑟 𝑑𝐿 𝑢𝑟𝑖𝑛𝑒 (

𝑁

𝑑𝐿
) =

𝐴𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑠𝑡𝑑 

 𝑥 𝐶𝑠𝑡𝑑 𝑥 𝐷𝐹 [1] 

𝑚𝑔 𝑁𝐻4
+ =  

2.442

0.349
 𝑥 (7𝑥10−4 𝑀) 𝑥 

10 𝑚𝐿

2 𝑚𝐿
 

𝑚𝑔 𝑁𝐻4
+ = 0.245 𝑀 

Converting to mg/dL: 

𝑚𝑔 𝑁𝐻4
+

= (0.245
𝑚𝑜𝑙

𝐿
) 𝑥 (18

𝑔

𝑚𝑜𝑙
) 𝑥 (1000

𝑚𝑔

𝑔
) 𝑥 (

1𝐿

10𝑑𝐿
) 

𝒎𝒈 𝑵𝑯𝟒
+ = 𝟒𝟒𝟏

𝒎𝒈

𝒅𝑳
 

According to the New Health Advisor, the normal 
ammonia content for adults is 9.5 to 49 
micrograms per deciliter, or 0.049 milligrams per 
deciliter.  

VI. Conclusion and Recommendations 

The Berthelot reaction was used in the 
determination of urinary ammonium. 
Spectrophotometric analysis of the urine samples 
showed a urinary ammonium concentration of 441 
mg/dL which is extremely higher than the 0.0095 
to 0.049 mg/dL normal range for adults. High levels 
of ammonia in the blood suggest that the kidney 
and liver are not working properly, though it may 
also be affected by food and water intake, or the 
lack thereof. 

 Experimental errors may include the use of 
improperly prepared reagents. Strict adherence to 
the protocol is recommended to avoid errors in the 
data. Addition of the reagents should be done in 
the proper order as it affects the absorbances 
measured.  
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