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M aynard (1937) , (omnivora)
(17381 Brigl  Pfahler (1929)
: : ( )P vasiliu - (1938) ,
52 mmol (quinic acid), ; , :
(5]
20 , , ,
Qg ) ; : :
B lack (1971)
(291 Schiemann
(1965) (21l M artin
(H annah) A
(adenosine triphophate, A TP) : ATP
) ; ,M artin
, "M artin ,
(shikimic acid) (hydroxycinnam ic acid) [8.9] ,
: (casein)
(phenylacetic acid) (el ,
(amino acid phenylalanine) (14,221
M artin (1973) ,
3 ) Hungate  Stack (1982) , 3-
(phenylpropanoid lignin monomeric units) (231 M artin (1982) 3
(cinnam ic acid) ,
3- , B (9] , -3-
(hydroxy-3-phenylpropionic acid) 3-
,M artin (hydroxybenzoic acids) (de-
carboxylation), ; :
(phenolic compounds) (amino acid tyrosine)
[8,9]
2
, (non-aromatic steroids) (oestrogens)
(4] , (catecho-
lam ine) (indol-amine) Q (ubiquinones) (melanin pigments) (thyroid hormones)
(steroidal oestrogens) (tyrosine) *
E,K,B2,Bw (folic acid)
: (phenolic acids) (smple phenols) (coumarins)
(gossypol) (phenolic alkaloids) (flavonoid) (tannins) (lignin)

(hydroxycyclohexanecarboxylic acids)

[25]

[26]

’ ’
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[11]
(vascular plants) ,
(shikim ic acid) (20l 27
2 : (p-coum aric acid) (ferulic acid) (caffeic acid)
(singpic acid); , (p-hydroxybenzoic acid) (vanillic acid)

(protocatechuicacid) (syringicacid) ,
1
Table 1 Content of main hydroxycinnam ic acids(soluble+ alkali-labile insoluble) in same feedstuffs

mmol/kg (©OM )

p-
Feedstuff p-coumaric acid Ferulic acid Caffeic acid Reference
M edicago sativa hay 35 38 50 54 nd Jung et al, 1983(3!]
M. sativa fresh herbage 61 10 8 38 Huang et al, 1986[%2]
M. sativa stams 15 35 Q3 Cherney et al, 19891%°]
L otus corniculatus stem's 24 29 Q4 Cherney et al, 1989[%!
B rassica caulorapa herbage 12 11 Q4 Huang et al, 198613

B ranus inem is hay 88 938 nd Jung et al, 1983(3!]

B. inemis stems 35 12 6 Q2 Cherney et al, 1989[%!
Phalaris arundinacea stams 132 8 25 4 Q2 Cherney et al, 1989%
Avena sativa stems 63 6 20 3 0 Cherney et al, 19891%0]
Triticum aestivum stems 332 229 0 Cherney et al, 19891%°]

Cynodon dacty lon 69 3 25 0 Q1 Cherney et al, 19891%°]
Festuca arundinacea 112 18 4 90 123 nd Jung et al, 19833
H ordeum vulgare straw 39 194 27 181 nd Salomonsson et al, 1978!3%
Oryza sativa straw 16 6 69 nd Salomonsson et al, 1978[%%]
A ristida calgyna 24 4 10 3 0 L ow ry, 199015
B othriochloa gpp. 24 4 10 3 388 L ow ry, 1990!%°]
Cenchrus cilcaris 194 9 0 0 L ow ry, 199055
Chloris gayana 18 3 10 3 0 L ow ry, 19901
Eragrostis parvif lora 42 6 41 2 0 L ow ry, 199015
H etergpogon p. 122 305 0 103 0 55 L ow ry, 19901
Panicum maximum 60 9 56 6 0 L ow ry, 19905
Sorghum p. 365 10 3 55 L ow ry, 1990!%°!
Sorghum p. stem 157 9 26 0 Q2 Cherney et al, 19891%°]
Zeamays stans 177 3 27. 0 Q6 Cherney et al, 19891%°]
Z mays silage 60 0 14 6 Jung et al, 1983(3!
D olichos lablab pods Q1 a1 Sosulski, D abrow ski, 1984(34]
Glycinemax pods 0 a1 Sosulski, D abrow ski, 1984[34]
L upinus pods 0 Q1 Sosulski, D abrow ski, 19841341
T. aestivum skinned grain 0 Q4 0 Sosulski, D abrow ski, 198434
A. sativa skinned grain 0 Q4 0 Sosulski, D abrow ski, 198434
Z mays grain Q1 16 0 Sosulski, D abrow ski, 1984134

DM :

Dry matter; n d : Not detem ined
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(lipids) : :
[26]
[29] ,
Q1 204 9mmol/kg(OM ); , (
1) ' , [30]
[31]
, [35]
, | [26] | [35]
(glycerol) (isocitric acid)
(malic acid) (tartaric acid) (terpenoid alcohols) [26.32]
(amide) (aliphatic an ines) (putrescine)
, 1 [26] (7]
[36] ,
’ , [37] , [38]
, (dicots) (monooots) =,
[39]. [40]
, , [30]
[41] |
(salicylic acid) : (salix) (Populus)
, Jung  Fahey (1983) ,
2mmol/kg(OM ); :
(cell lumen) Y, (methy! salicylate) (2]
2
[43] Table 2 Content of hydroxycyclohexanecarboxylic
’ , acids in some forages mg/kg(OM )
(phogphoenolpyruvic acid)
(eryth 1o se-4-p hosphate) Forage Shikimic acid Quinic acid
’ (pheny- Trif olium repens 0 a2
Ialanine) B rassica caulorapa 0 17
_ L olium perenne 29 144 52 786
’ D acty lis glanerata 80 310 229 645
’ Festuca pratensis 69 149 1099 44 7
(alicyclic units) F. rubra 46 126 103 138
" AgrostisNZ 29 40 73
(estersof phenolic acids) 2 , Phieum pratense 103 138 201 489
Q1 930 Oryza sativa straw a1 Q2
mmol/kg(OM ), 75% Coix lacryma-jobi a3 Q4
, (el Setaria viridis 0 Q1
, , D igitaria sanguinalis a1 Q1
[48]
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: (non-phenolic aromatic acids)
(pheno |S) 3- [43, 44] [9, 14, 44] [9, 14, 45] [8, 46] '
3- : Q 60 Q 90° 3-
Q20 Q 90mmolA, 3 4h , (51 3 ,
,Q 01 Q 65mmolA; ,0 Q 12mmolA; ,0 Q 06mmolA :
(phenylpyruvic acid)  3- (3-phenyllactic acid) (51
3
Table 3 Content of main aranatic acids in rumen fluid

. 3-
IT;\::SI;?:T Feed BA PA PPA CA Refreence
Pecies (mmolAL)  (mmolL) (mmolA)  (mmolA)
Cattle Not stated nd Q 30 Q 90 nd Patton, Kesler, 196721
Cattle M. sativa hay nd nd Q 66 nd Hungate, Stack, 1982[%!
Cattle Hay 0 Q 50 Q75 0 M arvin et al, 1996[%]

Sheep + Hay+ Concentrate Q 05 Q04 Q40 Q30 Q70 Q 06 M artin, 1973(8]

Sheep M ixed roughage nd nd Q40 Q80 0 Cheson et al, 1982141

Sheep + Hay+ B eta vulgaris pulp Q 02 Q01 Q20 Q20 Q40 0 M artin, et al, 1982(°]

Sheep + Grass hay+ Concentrate 0 nd Q30 Q60 0 Cramin et al, 1995[4]

Goat + M. sativa cubes+ Concentrate Q 07 Q 12 Q51 Q65 Q18 Q 50 0 Amin et al, 1995!°1]

BA:Benzic acid; PA: Phenylacetic acid; PPA: 3-phenylpropionic acid ; CA: Cinnamic acid; n d :

Not detem ined

, Q 10 mmolA (hydroxyphenylacetic
acid) -3- :
o1, 461 (p-hydroxyphenylacetic acid) (501
3-( ) [ 3- (p-hydroxyphenyl) propionic acid], 3-( ) [ 3-(m-hydro-
xyphenyl)propionic acid], 3- -4- [ 3- (3methoxy-4-hydroxyphenyl) propionic acid] -3-
(2] , C- (44, 46]
(indole) (skatole) '*¥ (5231
, Q 06 mmol A ™
4
M artin (1969) ",
( ) Q 8 12 Ommol/kgw ™,
, Q1 Q9mmol/kgw®?” 45% 85% (53]
(sl 3% 40%'™
(phenylacetylglycine) ,
(56 4 , Q1 59mmol/kgw®™
5 ) , 6% ( 1%
32%), , [57]

[52, 53]

: (glucuronide conjugate)
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Table 4 Daily urinary excretion of hippuricacid (HA) in runinant livestock fed different feedstuffs

mmol/(kgw ° ™ d)

Ruminant livestock species Dietary feed HA Reference
Cattle Herbage 14 17 Carpenter, 1927%
Cattle + Hay+ Concentrate 10 17 Carpenter, 1927(1%]
Cattle Strav 26 39 W arth, Das Gupta, 19284
Cattle Hay 35 52 W arth, Das Gupta, 192846
Sheep Trif olium $p hay Q7 59 Pazur, De_ong, 19488
Sheep Grass hay 12 M artin, 1969!7]
Sheep + Hay+ Concentrate mixture Q1 Q2 Topps, Elliott, 19655!
Sheep + M. sativa hay+ C. gayana hay Q1 Topps, Elliott, 19655
Sheep V eldt hay Q1 Q3 Topps, Elliott, 19655
Sheep + Straw + Cereal concentrate Q8 12 Topps, Elliott, 1965[%]
Sheep + Strav + Groundnut 14 18 Topps, Elliott, 1965%]
Sheep Hay 13 22 M artin, 1969071
Sheep + Hay+ Cereal concentrate Q7 14 M artin, 196971
Sheep + Hay+ Groundnut 14 30 M artin, 196971
Sheep L. perenne 12 50 M artin, 1969071
Goat Hay 17 22 Silanikove, Brosh, 1989[%]
Deer + Hay+ Cereal concentrate a8 10 Topps, Elliott, 1965[5!
D eer + Hay+ Groundnut 15 26 Topps. Elliott, 1965
Y ak A. sativa hay 21 25 Long, unpublished material
Y ak A. sativa strav 17 24 Long, unpublished material
Y ak + A. sativa strav+ Z. mays 17 20 Long, unpublished material
Y ak + + A. sativa strav+ Z mayst+ U rea 18 31 Long, unpublished material
U npublished material:
104 1491 1 1 kg , OF (
+ ),22 133mmol; 2 23mmol; + , Immol ,
[48] 1% |
5% 28%'® , (p-ethylphenol)
(catechol) (quaiacol) (quinol) (reorcinol) (orcinol) ',
(sl : Q1 Q4
mmol/kgw ® ® (el , 1kg ,
,6 16 mmol; .1 2mmol; 1mmol'®
5

[59]

[60]
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5

Table 5 Proportion of the total urinary nitrogen in hippuric acid (HA) in rum inants

/
Ruminant livestock HA nitrogen:
) D ietary feedstuff combination ) ) Reference
Pecies urinary nitrogen
attle Herbage Q03 Q04 Carpenter, 192711
Cattle + Hay+ Concentrate Q06 Q27 Carpenter, 1927035
Cattle Strav Q22 Q026 W arth, Das Gupta, 19284
Cattle Hay Q26 Q31 W arth, Das Gupta, 19284
Cattle Ration complete in nutrients Q01 Qo7 M orris, Ray, 1939[%]
Cattle L. perenne Q03 Qo7 Bristow et al, 1992(47]
Cattle + Grass silage+ Protein concentrate Q04 Q08 Bristow et al, 1992(47]
Sheep + Hay+ Flaked maize Q 05 M artin, 19697
Sheep + M. sativa+ C. gayana hay Q06 Q07 Topps, Elliot, 1965!%I
Sheep V eldt hay Q22 Q32 Topps, Elliot, 1965[%]
Sheep + Straw + Cereal concentrate Q07 Q11 Topps, Elliot, 1965[5!
Sheep Grass herbage Q 03 Bristow et al, 1992[47]
Sheep + L. perennet+ T. repens Q03 Qo07 Bristow et al, 1992(47]
Goat Ration complete in nutrients Q10 Q21 M orris, Ray, 1939[%¢]
Goat + Grass silage+ Protein concentrate Q03 Q05 Bristow et al, 1992047]
Deer + Strav + Cereal concentrate Q08 Q18 Topps, Elliott, 1965!5!
Deer + Straw + Groundnut Q02 003 Topps, Elliott, 1965[5!
Y ak A. sativa hay Q10 Q12 Long, unpublished material
Y ak A. sativa strav Q05 Qo7 Long, unpublished material
Y ak + A. sativa strav+ Z mays Q01 Q02 Long, unpublished material
Y ak + + A. sativa strav+ Z mays + U rea Q04 Q05 Long, unpublished material
U npublished material:
) : ( )
[1] , , . [J] , 2003, 12(5): 8-17

[2] Bird PR, WatonM J, Cayley JW D, etal Some nev goproaches to the detem ination of pasture intake by cattle[A ] In:
Baker SK, GavthorneJM , M ackintosh JB, et al. Ruminant Physiology, Concepts and Consequences A tribute to R J
M oir[M ] Perth, A ustralia U niversity of W estern A ustralia, 1984 205-216

[3] VercmelJ E U rinary allantoin excretion and digestible dry-matter intake in cattle and buffalo[J]. Journal of A gricultural Sci-
ence, 1976, 86: 613-615
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Potential use of aramatic campounds to estimate the intake of rum inants
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Abstract: Thispaper summarises the discovery of aromatic compounds and different types and existing form s in

rum inant feedstuffs, rumens and urine Hippuric acid w as the earliest aromatic compound found in rum inant

urine M ost benzoic acid in ruminant urine is from precursrs in feedstuffs A romatic compounds contained in

plant feeds include phenolic acids, smplephenols, coumarin, gossypol, phenolic alkaloids, flavonoids, tannins

and lignin Hydroxycinnam ic and benzoic acids are phenolic compounds commonly occurring in vascular plants,

and are found in much higher contents in gramineous herbage than in leguminous herbage, but the content in

cereal grains is very low. Themain aromatic metabolites in rumen fluid and urine are non-phenolic aromatic

acids, phenolic acids and phenols, and theonly alicyclic acid that has been found is cyclohexanecarboxylic acid
W ith feeding different feedstuffs to ruminant livestock, hippuric acid excreted in the urine accounts for about

6% of total urinary nitrogen, and ranges from 1%- 38%. M easuring aromatic compounds in urine, egecially

hippuric acid, has an mportant role in predicting feed intake of rum inant livestock

Key words ruminants aromatic compounds feedstuff, existing form and precursor, rumen; urine



