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Abstract

A rapid method for the determination of phenylalanine (Phe), tyrosine (Tyr), benzoic acid (BZA), phenylacetic
acid (PAA), phenyllactic acid (PLA), phenylpyruvic acid (PPY), phenylpropionic acid (PPR), and cinnamic acid
(CNM) in goat rumen fluid was established by high-performance liquid chromatography (HPLC). The mobile
phase used for isocratic clution was methanol-sodium acetate buffer (pH 6.5) (8:92, v/v). The compounds were
monitored at 220 nm with a UV detector. A 5-ul portion of the filtrated rumen fluid was analyzed and the analysis
was completed within 20 min. The minimum detectable limits (wM) of these compounds were: 12 for Phe, 3 for
Tyr, 3 for BZA. 9 for PAA. 12 for PLA, 15 for PPY. 20 for PPR, and 8 for CNM. The average contents of Phe,
BZA, PAA. PLA, and PPR in the rumen fluid of three goats were 15.4, 73.7, 615.9, 51.1, and 39.9 uM before
morning feeding. 17.0. 123.7. 650.4, 208.2, and 502.4 uM at 3 h after feeding, and 18.4, 124.2, 510.0, 129.9, and
178.5 uM at 6 h after feeding. respectively. Of these compounds PAA was present at the highest concentration
both before and after feeding. The content of PPR extremely increased especially at 3 h after feeding. The other
three compounds, i.e. Tvr. PPY, and CNM. were not detected in goat rumen fluid.

1. Introduction

In the phenylalanine (Phe) anabolism by
rumen bacteria, phenylacetic acid (PAA) has
been shown to be reductively carboxylated to
phenylpyruvic acid (PPY) and then transami-
nated to produce Phe [1.2]. The aminotransfer-
ase activity (EC 2.6.1.58) of rumen protozoa to
produce glutamic acid from Phe has been ex-
amined [3-5], but the ability to synthesize Phe
has not yet been studied. There are no further
detailed studies concerning the pathways and
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mechanisms involved in the metabolism of Phe
and its related compounds by rumen microorga-
nisms. To perform detailed studies it was neces-
sary to develop a simple, accurate, and fast
method for the determination of these com-
pounds.

Several workers have reported HPLC methods
for the determination of Phe [6—16], Tyr [6-10],
BZA [17-19] and PAA [17,18,20-22] in plasma
and urine. As far as we are aware, no de-
termination methods for PLA, PPY, PPR and
CNM and for the simultaneous determination of
Phe and its related compounds by HPLC have
been reported. The present study sought to
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establish a rapid and convenient method for the
determination of these compounds and the es-
tablished method was applied to the analysis of
these compounds in the goat rumen.

2. Experimental
2.1. Apparatus

A liquid-chromatography pump (880 PU).
variable wavelength ultraviolet detector (875
UYV), and column oven (860 CO) were obtained
from Japan Spectroscopic (Tokyo, Japan); the
injector (SSC-EIE 005) was from Senshu Science
(Tokyo, Japan); the data analyser
(Chromatopac, C-R6A) was from Shimadzu
(Kyoto, Japan), and the LiChrospher 100 RP-18
column (250 x 4 mm 1.D.) of 5 um particle size,
was from Kanto Chemical (Tokyo, Japan) under
the licence of E. Merck (Darmstadt, Germany).

2.2. Chemicals

Sodium acetate, sodium phosphate (monobasic
and dibasic), sulfosalicylic acid (dihydrate), t-
phenylalanine, tyrosine (Tyr), benzoic acid
(BZA), 3-phenylpropionic acid (PPR) and trans-
cinnamic acid (CNM) were purchased from
Nacalai Tesque (Kyoto. Japan). Methanol was
obtained from Katayama Chemicals (Osaka,
Japan). 1-3-Phenyllactic acid (PLA) and
phenylpyruvic acid were from Aldrich (Mil-
waukee, WI, USA), and phenylacetic acid and
ethanol were from Wako Pure Chemical Indus-
tries (Osaka, Japan). Ultra pure water made
with Milli-Q Labo (Nihon Millipore, Tokyo.
Japan) was used to prepare the mobile phases
and other solutions.

2.3. Standard solutions

Each standard solution of 1 mM Phe, Tyr,
BZA, PAA, PLA, PPR. and CNM in water and
1 mM PPY in 25% ethanol. were mixed with an
equal volume of 4% (w/v) sulfosalicylic acid
(SA) and filtered through a 0.45-pm membrane
filter (Toyo Roshi Kaisha, Tokyo, Japan) before

HPLC operation. Portions (5 ul) of the filtrate
were directly injected onto the HPLC system.

2.4. Sample preparation

Rumen contents were obtained from three
fistulated goats (Japanese-native breed, 30 kg)
fed on a daily ration consisting of lucerne cubes
[23 g dry mass (DM) per kg body-weight
(BW)"7’] and concentrate mixture (8 g DM/kg
BW" %) in two equal portions given at 09:00 h
and 17:00 h. Contents were collected before
feeding, 3 and 6 h after feeding and strained
through four layers of surgical gauze. One ml of
the sample was mixed with the same volume of
4% SA, kept at 4°C overnight and then cen-
trifuged at 27 000 g for 20 min. The supernatant
fluid was filtered (membrane filter, 0.45-um) and
a 5-ul portion of the filtrate was directly injected
onto the HPLC system.

2.5. Chromatography

The mobile phase used for isocratic elution
was methanol-50 mM sodium acetate buffer (pH
6.5) (8:92, v/v). Before use, the mobile phase
was filtered (membrane filter HV 0.45-pm,
Nihon Millipore Kogyo K.K., Tokyo, Japan) and
degassed by ultrasonication. The flow-rate was
1.0 ml/min; column temperature, 40°C; moni-
toring wavelength at 220 nm with a UV detector;
column, LiChrospher 100 RP-18 of 5 pm particle
size.

3. Results and discussion

3.1. Choices of wavelength and mobile phase
composition

Interference from compounds other than aro-
matics can be easily avoided by the choice of a
suitable monitoring wavelength. In this experi-
ment, the absorbances of the eight analytes were
examined with a spectrophotometer and a wave-
length of 220 nm was chosen for the subsequent
experiments.
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Fig. 1. Chromatogram of the standard Tyr, BZA, Phe, PAA.
PLA, PPY, PPR and CNM (5 ul. 1 mM) by HPLC. Mobile
phase: methanol-sodium acetate (pH 6.5) (8:92, v/v).

The methanol content and pH values of the
mobile phase influenced the retention time of the
eight compounds. A higher methanol percentage
reduced the retention time, while a low pH
increased the retention time for all compounds.
The methanol content and the pH of the mobile

Table 1
Effect of mobile phase pH on retention time (r,)

phase were varied from 80 to 5% and from 3.5 to
7.0, respectively. In addition, the use of acetate
[23] and phosphate [24] buffer was compared. It
was found that with both buffers almost the same
results were obtained, though the former seemed
better than the latter with respect to good
separation and faster retention time. When
methanol-acetate buffer (8:92, v/v) at pH 6.5
was used, all compounds tested were properly
separated within 20 min (Fig. 1).

3.2. Peak identification

Slightly different retention times at various pH
values of the mobile phase were obtained with
authentic compounds. Different peaks, corre-
sponding to such retention times were also found
in the sample analyses. With the pH value
changing from 6.3 to 6.9, the retention times of
the standard and rumen samples changed pro-
portionally (Table 1), which was in good agree-
ment with the retention times of the authentic
peaks at four pH values. The maximum and
average deviations of all of the compounds at
different pH were Phe, 2 and 1.2 s; BZA, 2 and
0.5 s; PAA, 4 and 2.8 s; PLA, 3 and 2 s, and
PPR, 4 and 3 s. The other three compounds
were not detected in the rumen fluid by this

Compounds pH

STD 1, (s) RS, (s)

6.3 6.5 6.7 6.9 6.3 6.5 6.7 6.9
Phe 434 429 438 442 435 430 440 443
Tyr 213 211 213 214 0 211 0 0
BZA 378 363 358 355 380 363 358 355
PAA §52 REN 532 523 556 537 533 527
PLA 589 577 579 578 590 574 580 575
PPY 839 %29 838 830 0 829 0 0
PPR 1392 1280 1239 1204 1394 1284 1242 1207
CNM 1506 1383 1354 1330 0 1384 0 0

STD = standard sample. RS = rumen sample. Column: 250 x 4 mm [.D..: flow-rate: 1.0 ml/min; mobile phase: methanol-sodium

acetate (8:92, v/v).
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method. However, when these three compounds
(authentic) were added to the rumen fluid, re-
tention times were quite the same as those found
at pH 6.5. This indicates that the peaks can be
definitely attributed to Phe, Tyr, BZA, PAA,
PLA, PPY, PPR and CNM.

Furthermore, the peak purity was confirmed
by comparing the peak-height ratios of the
authentic compounds and of the identified peaks
at different wavelengths, according to the report
of Lefeng et al. [15]. Table 2 shows that the
ratios for the rumen samples were 1.50, 3.67,
3.06, 1.8, and 2.26 for Phe, BZA, PAA, PLA,
and PPR, respectively, which was in good agree-
ment with the ratios 1.53, 3.68, 3.07, 1.9, and
2.22 found for the authentic Phe, BZA, PAA.
PLA and PPR, respectively. This means that
there was no significant interference from other
compounds in the rumen fluid other than select-
ed analytes.

3.3. Calibration curve and minimum detectable
amounts

A linear relationship was obtained between
the peak heights and the sample concentrations,
and thus the concentration of the different com-
pounds could be easily calculated from their
peak height. The minimum detectable limits
(M) of these compounds were 12 for Phe. 3 for

Table 2
Peak-heigt ratios at 220 and 210 nm

Tyr, 3 for BZA, 9 for PAA, 12 for PLA, 15 for
PPY, 20 for PPR, and 8 for CNM. The correla-
tion coefficients for peak height and concen-
tration were 0.99998, 0.99998, 1.0, 0.99998,
0.99996, 0.99997, 0.99996, and 0.99989 for Phe,
Tyr, BZA, PAA, PLA, PPY, PPR, and CNM,
respectively.

3.4. Analytical recovery, precision and accuracy

Standard samples, rumen fluid and their mix-
ture were used to determine the analytical re-
covery of all the compounds in direct injection
analyses. Standard compounds of different con-
centrations were added to the rumen fluid. The
peak height was measured and corrected by
subtracting the value of rumen fluid and com-
pared with the height obtained for the standard
compounds. Recoveries are shown in Table 3.

The precision of the analytical procedure,
reproducibilities for both within-day and day-to-
day variations were determined (Table 3). The
coefficient of variation (C.V.) for three different
concentrations in the within-day study varied
between 0.51 and 4.08%, where as those in the
day-to-day study ranged from 1.02 to 6.02% for
rumen samples.

The accuracy was assessed by analysing known
amounts of analytes. The observed concentra-
tions were in good agreement with the actual

Compounds Peak height (mm)

STD Ratio RS Ratio

220 210 2207210 220 210 220/210
Phe 18.0 1.8 1.53 1.5 1.0 1.5
Tyr 96.0 233 4.09 0 0 0
BZA 134.0 36.4 3.68 16.5 4.5 3.67
PAA 46.0 15.0 3.07 245 8.0 3.06
PLA 15.0 7.6 1.9 1.8 1.0 1.8
PPY 12.5 5.2 2.4 0 0 0
PPR 16.0 7.2 222 9.5 4.2 2.26
CNM 92.0 S1.8 1.78 0 0 0

STD = standard sample. RS = rumen sample.
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Table 3

Precision, accuracy and recoveries of Phe and its related compounds in rumen fluid

Compounds Concentration Concentration CV. R.E. Recoveries
added (mM) found (mM) (%) (%) Mean = S.D. (%)

Within-day variation (n = 6)

Phe 0.2 0.201 = 0.008 3.98 0.5 99.97 3.1
1.0 1.01 = 0.04 3.96 1.0
2.0 1.97 = 0.01 0.51 1.5

BZA 0.2 0.199 + 0.004 2.01 0.5 100.11 =2.9
1.0 1.02 = 0.04 3,92 2.0
2.0 1.99 = 0.04 2.01 0.5

PAA 0.2 0.202 = 0.004 1.98 1.0 99.78 £ 2.7
1.0 0.99 = 0.04 4.04 1.0
2.0 1.98 = 0.04 2.02 1.0

PLA 0.2 0.197 + 0.003 1.52 1.5 098.42+2.4
1.0 0.98 = 0.04 4.08 2.0
2.0 1.97 £0.02 1.02 1.5

PPR 0.2 0.199 = 0.003 1.51 0.5 98.31 = 1.7
1.0 0.97 +0.014 144 3.0
2.0 1.97 = 0.03 1.52 1.5

Day-to-day variation (n = 6)

Phe 0.2 0.199 = 0.004 2.01 0.5 100.53 + 3.3
1.0 1.02 £0.05 1.9 2.0
2.0 2.02 £0.06 2.97 1.0

BZA 0.2 0.202 = 0.007 3.47 1.0 99 75 + 3.8

. 0.997 = 0.06 6.02 (1.3

2.0 1.99 = 0.03 S1 0.5

PAA 0.2 0.199 = 0.008 251 0.5 9997 3.7
1.0 1.02 £0.06 5.88 2.0
20 1.98 +0.03 1.52 1.0

PLA 0.2 0.196 = 1).002 1.02 2.0 99.72 4.2
1.0 1.03 % 0.06 5.83 3.0
20 1.96 = 0.03 1.53 2.0

PPR 0.2 0.196 = 0,003 [.53 2.0 98.78 £ 2.6
1.0 0.993 £ 0.04 4.03 0.7
2.0 1.98 = 0.04 202 1.0

C.V. = coefficient of variation. R.E. = relative error

concentrations. The relative error (R.E.) ranged
from 0.3 to 3% for rumen samples (Table 3).

3.5. Applications

The established method has been applied to
the determination of 27 rumen samples from

three goats at different times after feeding. A
typical chromatogram of deproteinized rumen
fluid is shown in Fig. 2. As shown in Fig. 3,
deproteinized rumen fluids contain detectable
amounts of Phe, BZA, PAA, PLA, and PPR.
Phe was always a minor (15-18 uM) compo-
nent. BZA was also a minor component (74-124
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Fig. 2. Typical chromatogram of deproteinized rumen fluid
by HPLC. All conditions as in Fig. 1.

wM), though it was higher than the values (4
and 10 uM) found in sheep (Refs. [25] and [26],
respectively). In the present study, PAA was the
major aromatic acid, different from steers [27],
cows [28] and sheep [25,29], where the major
aromatic acid was PPR. The concentration of
PAA did not change extraordinarily (510-650
wM) with the time after feeding, though it was
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kig. 3. Average concentration (uM) of BZA, Phe, PAA,
PLA and PPR in the rumen fluid of three goats before
feeding, 3 and 6 h after feeding.

slightly increased at 3 h and decreased to some
extent at 6 h after feeding. According to Martin
[25], its concentration in sheep rumen varied
from 0 to 257 uM with the time after feeding and
it was lowest between 4 and 9 h after feeding,
which is different from the present findings. The
concentration of PLA in the present study varied
from 51 to 208 M with the time after feeding,
the highest value being found at 3 h after
feeding. This is the first time that PLA was
detected in rumen fluid as far as we are aware.
In the present study, PPR concentration abruptly
increased to 502 uM at 3 h after feeding, and
extremely decreased to 179 uM at 6 h after
feeding. The concentration found before feeding
was 40 uM. The concentration of PPR was
found to be 660 uM in cows after feeding [30]
and 166-313 uM in sheep before and after
feeding [25]. Martin [25] reported a maximum
concentration of PPR in sheep rumen between 4
and 6 h after feeding, the trend being similar to
the present findings.

The established method was highly sensitive,
reproducible and reliable in regular routine use
for the simultaneous separation of Phe, Tyr,
BZA, PAA, PLA, PPY, PPR, and CNM in
rumen fluid. Only basal HPLC equipment with
isocratic elution is needed and no specialized
sample preparation or detection system is re-
quired for the analysis of these amino acids and
their related compounds.

Acknowledgements

The authors are extremely grateful to Dr. H.
Ogawa, Associate Professor, Miyazaki Universi-
ty, for inserting a permanent rumen fistula on
goat, and Dr. J.R. Ling, Department of Bio-
chemistry, The  University of  Wales,
Aberystwyth (UK), for his.ingenious suggestions
and valuable comments regarding this article.
Dr. Ling came to Prof. Onodera at Miyazaki
University for a week to discuss about joint
research, initiated by Monbusho International
Scientific Research Program in March, 1994. The
present study was financially supported by re-



M. R. Amin et al. ! J. Chromatogr. B 663 (1995) 201-207 207

search grants from Kaken Pharmaceutical Co..
and Daiichi Seiyaku Co., Japan.

References

[1} M.J. Allison. Biochem. Biophys. Res. Commun.. 18
(1965) 30.

[2] S. Kristensen. Br. J. Nuwr.. 31 (1974) 357.

(3] H. Tsubota and S. Hoshino. J. Dairy Sci., 52 (1969)
2024.

[4] S.K. Bhatia, K. Pradhan and R. Singh. J. Dairy Sci.. 62
(1979) 441.

[5] S.K. Bhatia, K. Pradhan and R. Singh, J. Dairy Sci.. 63
(1980) 1104.

[6] M.A. Hilton. Clin. Chem.. 28 (1982) 1215.

(7] F.W. Spierto. Clin. Chem.. 28 (1982) 2282.

[8] J.L. Rudy, J.C. Rutledge and S.L. Lewis. Clin. Chem..
33 (1987) 1152.

[9] L.M. Neckers, E. Delisi and R.J. Wvatt. Clin. Chem..
27 (1981) 146.

[10] W.TH. Kok. U.A.TH. Brinkman and RW. Frei. J.
Pharm. Biomed. Anal.. 1 (1983) 369.

[11} L. Dou and LS. Krull. J. Pharm. Biomed. Anal.. ¥
(1990) 493.

(12] V.F. Ruban. J. Chromatogr.. 563 (1991) 134.

[13] N.D. Atherton and A. Green. Clin. Chem.. 34 (1988)
2241.

[14] N.D. Atherton. Clin. Chem., 35 (1989) 975.

[15] Z. Lefeng, Y. Yunlu and Y. Ruiyu, J. Chromatogr., 282
(1983) 333.

[16] L. Lecavalier. F.F. Horber and M.W. Haymond, J.
Chromatogr., 491 (1989) 410.

(17]) M.J. Arin, M.T. Diez, J.A. Resines and M.T.
Alemany, J. Lig. Chromatogr., 13 (1990) 2465.

{18) M.J. Arin and M.T. Diez, J. Chromatogr., 582 (1992)
13.

[19] K. Kubota, Y. Horai, K. Kushida and T. Ishizaki, J.
Chromatogr.. 425 (1988) 67.

{20] E.J.M. Pennings, J.C.M. Verhagen and G.M.J. Van
Kempen, J. Chromatogr., 341 (1985} 172.

[21] G. Grossi, L. Mondini, W. Bruno and S. Stella, Chro-
matographia, 26 (1988) 142.

[22] M. Yamaguchi, R. Matsunaga, K. Fukuda and M.
Nakamura. J. Chromatogr., 414 (1987) 275.

[23] K. Okuuchi, T. Nagasawa and R. Onodera, Anim. Sci.
Technol. (Jpn). 63 (1992) 708.

|24] L. Dou and LS. Krull, J. Pharm. Biomed. Anal., 8
(1990) 493.

[25] A.K. Martin, Br. J. Nutr., 47 (1982) 139.

[26] T.W. Scott, P.FV. Ward and R.M.C. Dawsan, Biochem.
J.. 90 (1964) 12.

[27{ S.H.W. Cmelik and R.J. Matthews, Rhod. Zamb. Mal.
J. Agric. Res., 3 (1965) 95.

[28] S. Patton and E.M. Kesler, J. Dairy Sci., 50 (1967)
1505.

[29] A.K. Martin, Br. J. Nuer., 30 (1973) 251.

[30] R.E. Hungate and R.J. Stack, Appl. Environ. Mi-
crobiol., 44 (1982) 79.



