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Abstract

Aim of this study was to evaluate the biotransformation of simple phenols after ingestion 

of edible fruits and mixed food. It was analyzed hippuric acid in urine as biomarker of 

conjugation in the liver cells of glycine with aromatic phenolic acids such benzoic and 

salicylic acid from ingested food. Measurement of hippuric acid in urine samples of  

healthy individuals:  female and  male with a mean age , years were recruited to 

participate in this study. Urine samples were collected for  hours. Th e additional meals 

 g of fruits: blueberry, cherry, raspberry, melon, blackberry and mixed food were given 

immediately before the  hr urine sampling. Otherwise, the meals given during  hr 

was a usually food. Biotransformation of phenols in edible fruits, that are together with 

liver glycins precursors of hippuric acid biosynthesis, was evaluated by direct spectropho-

tometric measurement of excreted hippuric acid in urine at  nm. It was established 

that the highest quantity of hippuric acid was after ingestion of g of bilberry fruits (p< 

,), and same quantity of cherries (p< ,). Concentration of excreted hippuric acid 

was twice higher after ingestion of these fruits in comparison with hippuric acid concen-

trations in urine after ingestion of common – mixed food. Quantity of biosynthesised 

hippuric acid was in direct correlation with the concentrations of its precursors, primarily 

phenol acids and other simple aromatic acids ingested with food.
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Introduction

Fruits and vegetables, black and green tea contain phy-

tochemicals, which are thought to protect consumers 

against cancer (, ), diabetes, cardiovascular diseases 

() and diseases of aging (). However, the conventional 

bioanalytical techniques have significantly underes-

timated the phytochemicals content of these foods. 

Vitamin C, vitamin E and �-carotene make up only a 

small portion of the total chemicals in fruits and veg-

etables. Th ere are a number of other phytochemicals in 

the foods in the chemical form of phenolics, fl avonoids, 

anthocyanins and etc. Little is known about biotransfor-

mation of these compounds in food after food ingestion. 

Hippuric acid is normally present in human urine as a 

metabolite of dietary components. Th erefore, the analy-

sis of hippuric acid in urine provides an diet and liver 

diagnostic test () . In humans the synthesis of hippuric 

acid takes place almost entirely in the liver. Both ATP 

and CoA are required for this biosynthesis (Figure .):

Tracing these phytochemicals at physiologic concen-

trations has been hindered by a lack of quantitative 

sensitivity for chemical equivalent tracers that could be 

used safely in healthy people. Accelerator mass spec-

trometry is a relatively new technique that provides the 

necessary sensitivity in attomoles and measurement 

precision (<  ) towards C labelled phytochemicals 

for detailed kinetic studies in humans at dietary lev-

els (). Oxigen Radical Absorbance Capacity assay (), 

HPLC-multichannel ECD, mass spectrometry and also 

classical methods as spectrophotometry can be use for 

biotransformation studies (). Th e biotransformation 

of phytochemicals from food is very complicated, for 

example the biotransformation of quercetin included 

deglycosylation of the fl avanol glycoside, biotransforma-

tion (intestinal and hepatic) like methylation, glucuroni-

dation, sulphation, glutathionylation and mixtures of 

conjugates. It is possible  types of metabolites possible 

and more than  when considering isomers. Quercetin 

metabolites indentfi end in urine are methyl-quercetin 

with  isomers, quercetin-mono-glucuronide with  

isomers, quercetin-di-glucuronide with  isomers, 

methyl- quercetin-mono-glucuronide with  isomers, 

sulfate- quercetin-glucuronide with  isomers and sul-

fate- quercetin-glucoside with  isomers. Quercetin is 

the major fl avonol present in vegetables and fruits (e.g. 

apples, onions, grapes, kale, tea, red wine, etc.), occurs 

as the glycosides in plants, extensively metabolised.

Materials and Methods

. Subjects:  healthy persons, ( f,  m)

. Biological samples: urine ( hr)

. Edible portions of fruits ( g)

Ten healthy subjects ( f,  m) with a mean age . 

years were recruited to participate in this study. All 

study participants were in good health as deter-

mined by a medical history questionnaire, physical 
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examination and normal results for clinical labora-

tory tests. Urine samples were collected for  hours. 

An additional meal ( g of fruits) was given im-

mediately before the  hr urine sampling. Other-

wise, the meals given during  hr was a usually food.

a) Direct Spectrophotometric determi-

nation of hippuric acid in urine

Direct spectrophotometric method was used for 

analysis of hippuric acid in urine (). Hippuric acid 

dissolved in pyridine – water ( : ) produces a 

colour when benzen sulphonyl chloride was add-

ed. With the method based on this colour reac-

tion urinary hippuric acid follows the Beer-Lambert 

law up to  mg / ml at  nm and path length  cm. 

b) Apparatus and chromatographic con-

ditions (HPLC-UV / VIS)

A Waters Assoc. Model ALC / GPC  liqui d chro-

matograph equipped with a �Bondapak C pre-

packed column ( cm x  mm I.D., Waters) at ambi-

ent temperature and a UV detector set at  nm, was 

employed for chromatographic analysis (). The de-

tector was operated at , absorbance units full scale 

for most samples. Th e eluting solvent was   (v / v) 

methanol in , M potassium phosphate contain-

ing ,  (v / v) acetic acid. Th e fl ow-rate was , ml / 

min at a pressure of  Pa. Sample injections 

were made on-column through a Waters UK sep-

tumless injector with a -�l syringe (Hamilton  N).

Results 

On the basis of quantitative analysis of excreted hippu-

ric acid in urine samples of ten healthy individuals, fi ve 

male and fi ve female, it was established that the highest 

quantity of hippuric acid was after ingestion of g of 

bilberry fruits and cherries.

Statisticaly significantly highest excretion of hippu-

ric acid after ingestion of bilberry fruits (p<,) and 

cherries (p < ,) is expressed in Table . and Graph 

. Increased excretion of hippuric acid after ingestion of 

raspberry fruits is also obvious, even it was not statisti-

caly signifi cantly diff erent in comparison with content 

of hippuric acid after ingestion of common mixed food. 

TABLE 1. Th e content of hippuric acid in urine (24 hr)

Hippuric acid 
(mg / 24 h urine) + S.D.

Blueberry 2247,4 852,13 P < 0,003
Cherry 2118,3 698,65 P < 0,003

Raspberry 1235,2 508,64
Melon 1085,4 337,66

Blackberry 1040,4 494,69
Mixed food 1042,8 712,65
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However, ingestion of melon fruits and blackberries 

didn’t cause statisticaly significant differences in hip-

puric acid content in urine in comparison with same 

content in urine after ingestion of common mixed food.

Excretion of hippuric acid after ingestion of  g of dif-

ferent fruits, measured every , , ,  and  hours 

is showed in Graph . High concentration of hippuric 

acid have been observed in subjects when they ingested 

prunes and followed blueberries, black grape, mixed 

foods, strawberries, beets, cranberries, red grape, green 

tea (Graph .). Th e concentration of excreted hippuric 

acid was twice higher after ingestion of these fruits in 

comparison with hippuric acid concentrations in urine 

after ingestion of common – mixed food.

Discussion

Two common aromatic acids are benzoic acid and cin-

namic acid (unsaturated side-chain), which are widely 

distributed in nature and often occur free and com-

bined in considerable amounts in drugs such as balsams. 

Truxillic acid, a polymer of cinnamic acid, occurs in 

coca leaves. Other related acids of fairly common oc-

currence are those having phenolic or other groupings 

in addition to a carboxyl group; such are: salicylic acid 

(o-hydroxybenzoic acid), protocatechuic acid (,-dihy-

droxybenzoic acid), veratric acid (,-dimethoxybenzoic 

acid), gallic acid (,,-trihydroxybenzoic acid) and ,,-

trimethoxybenzoic acid. Similarly, derived from cinnam-

ic acid, one fi nds p-coumaric acid (p-hydroxycinnamic 

acid), ferulic acid (hydroxymethoxycinnamic acid), caf-

feic acid (hydroxycinnamic acid) and ,,-trimethoxy-

cinnamic acid. Acids having an alcohol group are quinic 

acid (tetrahydroxyhexahydrobenzoic acid), which oc-

curs in cinchona bark and in some gymnosperms; shi-

kimic acid, which is found in Japanese star-anise and is 

an important intermediate metabolite; and mandelic 

acid, CHCHOHCOOH, which occurs in combina-

tion in cyanogenetic glycosides such as those of bitter 

almonds and other species of Prunus (). Tropic acid 

and phenyllacetic acid are two aromatic hydroxy acids 

which occur as esters in tropane alkaloids (q.v.). Aromat-

ic acids and phenols in the fruits and vegetables are for 

examples: catechol, fl oroglucinol, salicylic alcohol, sali-

cylic acid, p-anisaldehyd, E-anethol, myristicin, sinapic 

alcohol, benzoic acid, protocatechuic acid, vanillic acid, 

galic acid, veratric acid, shikimic acid, homogentizinic 

acid, p-coumaric acid, caff eic acid, ferulic acid, cinnamic 

acid, quinic acid, rozmaric acid, litospermic acid and 

chlorogenic acid (). Chlorogenic or caff eotannic acid 

is a condensation product of caff eic acid and quinic acid. 

It occurs in mate, coff ee and nux vomica and is convert-

ed into a green compound, which serves for its detec-
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tion, when an aqueous extract is treated with ammonia 

and exposed to air. Hippuric acid is normally present in 

human urine as a metabolite of dietary components and 

therapeutic components such acetylsalicylic acid. Ace-

tylsalicylic acid is changed to salicilyc acid. Th is change 

is a typical reaction of hydrolysis of an active drug to an 

active metabolite. In the phase II reactions involve con-

jugation of benzoic and salicylic acid, during which polar 

groups utilized for linkage to normal body constituents 

such as carbohydrates, amino acids, glucuronate, gluta-

thione, acetate, alkyl, methyl or, sulfate groups. Conju-

gation usually but not always results in xenobiotics and 

drug inactivation (  ). Benzyl alcohol as preservative in 

food and saline solutions is metabolized to benzoic acid 

and then to benzoilglycine. In neonates, this metabolism 

is not rapid enough to prevent a sometimes fatal acido-

sis (). After exposure to toluene and also administra-

tion of acetylsalicylic acid or quercetin, large quantities 

of hippuric acid are extracted in the urine and quantities 

of it are correlated to toluene exposure and to quantities 

of administrated drug or to ingested quercetin in food 

samples (). Th erefore, the analysis of hippuric acid 

in urine provides an exposure test and also an diet test. 

Hippuric acid is so called because it was fi rst found in 

the urine of horses. It is benzoilglycine, a compound of 

benzoic acid and glycine. Th is is a physiological meta-

bolic reaction that results in the detoxication of benzoic 

acid and benzoates. Th e latter occur in vegetables and 

fruits food or are derived from the oxidation of aromatic 

substances. About , g of hippuric acid per day is elimi-

nated on the average diet, but deviations from this are to 

be expected, depending on the amount of precursors in 

the diet. Glycine is usually present in suffi  cient amounts 

to combine with any quantity of benzoates that are like-

ly to be ingested (). Cranberries contain , to ,  

benzoic acid, and other fruits and berries contain small-

er amounts. Some foods, e.g., catsups, are permitted by 

law to have ,  sodium benzoate added as a preserva-

tive. Th is is, of course, also converted to hippuric acid 

(). Th e synthetic action of these compounds has been 

used as a test for liver function but evidently is a test for 

only this particular liver function, not for all. Neverthe-

less, subnormal values have been claimed in patients 

with various types of hepatitis and other liver condi-

tions but not in those with uncomplicated obstruction 

of the common bile duct; i.e., it may aid in diff erentiat-

ing between hepatic and obstructive jaundice ( , ). In 

conclusion biotransformation of phenols in edible fruits, 

that are together with liver glycins precursors of hippu-

ric acid biosynthesis was evaluated by spectrophotomet-

ric measurement of excreted hippuric acid in urine. On 

the basis of measurement of hippuric acid concentration 

in urine samples of  healthy individuals it was estab-

lished that the highest quantity of hippuric acid was after 

ingestion of  g of bilberry fruits (p< ,) and same 

quantity of cherries (p< ,) (First experiment, spec-

trophotometric method). Furthermore, as high concen-

tration of hippuric acid have been observed in subjects 

when they ingested prunes and followed blueberries, 

black grape, mixed foods, strawberries, beets, cranber-

ries, red grape, green tea (HPLC-UV / VIS method). 

Th e concentration of excreted hippuric acid was twice 

higher after ingestion of these fruits in comparison with 

hippuric acid concentrations in urine after ingestion of 

common – mixed food. Quantity of biosynthesised hip-

puric acid was in direct correlation with the concentra-

tions of its precursors, primarily phenol acids and other 

simple aromatic acids ingested with food. Increased 

consumption of fruits and vegetables can increase the 

plasma, serum and urine antioxidant capacity (, ). 

Increased consumption of fruits and vegetables has 

been associated with protection against various diseases, 

including cancer (, , ) and cerebrovascular diseas-

es (, ). It is not know what dietary constituents are 

responsible for this association, but it is often assumed 

that antioxidants contribute to the protection (). 

Finally, the associations between phenolics intakes, 

these markers and health outcomes must be studied.

Conclusion

- It was established that the highest quantity of hippuric acid was after ingestion of g of bilberry fruits (p< ,), 

and same quantity of cherries (p< ,). 

- Concentration of excreted hippuric acid was twice higher after ingestion of these fruits in comparison with hippuric 

acid concentrations in urine after ingestion of common – mixed food. 

- Quantity of biosynthesised hippuric acid was in direct correlation with the concentrations of its precursors, primarily 

phenol acids and other simple aromatic acids ingested with food.
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