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ABSTRACT KEYWORDS
Simple and sensitive batch and FIA-spectrophotometric methods for de- Argining;
termination of L- arginine in grape juice samples from different origins, Flow injection;
these methods were based on oxidation — condensation of L — arginine a — naphthol;
with a — naphthol and urea in presence of sodium hydroxide as a medium Oxidation — condensation
for amino acid reaction. A red color developed when adding sodium hypo- reaction;
bromite as oxidizing agent for amino acid. The colored product was soluble Spectrophotometric determi-
in water and stable for more than 1 hour and the absorbtion was measured nation.

at a maximum absorbance at 501 nm. A graphs of peak height versus con-
centration show that Beer' s law was obeyed over the concentration range
of 1 —45 and 3 — 1400 pg.ml?of arginine with detection limits of 0.468
and 0.12 pg. ml ** of arginine for batch and FIA methods respectively. The
optimized FIA procedure sample with a throughput of 45 sample / hour.
All different chemical and physical experimental conditions affecting on
the development and stability of the colored product were studied and the
proposed methods were applied successfully for the determination of argi-
nineingrapejuicesamples. © 2016 Trade Sciencelnc. - INDIA

INTRODUCTION

Arginineisaconditionally indispensable amino
acid¥. Arginine is a nitric oxide precursor. Nitric
oxideisformed from arginine viathe enzyme nitric
oxide syntheses (NOS)™. A significant nutritional
problemin pretermin fantsisaseveredeficiency of
arginine (hypoargininemia) which results in
hypermmonemia, cardiovascular, pulmonary aswell
asneurological and intestinal dysfunction. Arginine
deficiency may contribute to the high rate of infant
morbidity and mortality associated with premature®.
Arginine one of the most abundant amino acids in

grape juice, is closely related to the levels of ethyl
carbamate in wing“®, Ethyl carbamate also known
as urethane occursinwinesand someother fermented
foods and beverages and is classified as a possible
human carcinogeni™. In 1988, the American wine
industry has established a voluntary target for EC
below 15 pg. Ltin tablewinesand below 60 pg. Lt
Arginine is degraded to urea and ornithine by the
enzyme arginase via urea. Circle pathway®. Some
ureaisassimilated by the yeast and someisreleased
in to the fermentation medium with excess arginine
in grapejuice. Accumulated from ethyl carbamate®
41, Citrullineformed by arginine metabolismviaargi-
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nine deiminase pathway by wine malolactic bacte-
ria, isthe second significant precursor of ethyl car-
bamate in wing*2%3, Urea and Citrulline accumula-
tion in the fermentati on medium mainly dependson
theargininelevel and the sort of yeast and malolac-
tic bacteria straind, if arginine concentration in
juici ishigher than 1000 ug. L' ethyl carbamate con-
centration will be potentially above 15ug.L*t in
wing thecurrent voluntary limitinthe United State.
To avoid potential health hazard of ethyl carbamate
in wine, we must determination of the argininelev-
elsingrapejuice; isoneof the most important steps
for wine makers to redize hazard analysis critica
control point (HACCP) control.

A simple and accurate method for determining
the arginine levelsin grape juiceisthe prerequisite
for wine makers to take proper measures. Various
methods for arginine analysis involve high perfor-
mance liquid chromatography!*>1 amino acid ana-
lyzer and capillary electrophoresig™®, indirect de-
termination by graphate furnace atomic absorption
spectrometry®d, fluorimetry!®, isocratic RP —
HPLCt222 - Chemiluminescence?®, MS coupling
with atmospheric pressure chemical ionizationf?¥,
LC/MS?. These methods are mostly slow, expen-
sive or required ion pair reagent, derivatisation or
|aborious sample preparation procedures. The nov-
elty of present method isanalysisof argininethrough
the Sakaguchi reaction is specific, sensitiveand has
been used for determining trace amount of arginine
in biological samples. In our experiment, a-naph-
thol with ureawas selected asthe Sakaguchi reagent
because the chromogeni ¢ product formed inthe pres-
ence of dkaline hypobromite by the reaction between
Sakaguchi reagents with arginine and has been sta-
bilized by thereaction occursat 0°C and excess urea
was added with a-naphthol when the color devel-
oped viaFIA / Merging zones system and its absor-
bance as peak heigh (mv) was measured at 501 nm.

However, the composition of grape juiceis so
complicated that arginine cannot be directly mea-
sure by Sakaguchi reagents due to interference of
other compounds. Therefore separation of arginine
from grape juice is a very important pretreatment
for quantitative analysis. lon exchangeis commonly
used to separate amino acids based on their isoelec-
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tric points. Amino acids are ampholytes with pH
dependent net charges. Arginine hasthe highest iso-
electric point (pl = 10.8) among amino acids com-
monly found in grapejuice. In acidic solution, Arg?*
and Arg** can be adsorbed by strong cation — ex-
change resins and eluted from the resin by akaline
solution(?d,

The purpose of this study wasdevel oped smple,
accurate and rapid arginine separation method in
three types of grape juices from a different origins
with Sakaguchi reaction. The developed method
could havethe application potential in routine quan-
tification of arginine in grape growers to monitor
and control the level of ethyl carbamate.

EXPERIMENTAL

Chemicals

All chemicals used were of analytical reagent
grade and all solution were prepared with distilled
water, freshly prepared solutionswere always used.

A standard solution of L-Arginine

(C,H,N,O,, M.wt. 147.2 g.mol*, BDH)(2000
ng.ml?=1.15x102 M) was prepared (0.4 g) amount
of pure arginine was dissolved in a mount of dis-
tilled water then completed to 200 ml in avolumet-
ric flask with distilled water, more dilution were
made when it were necessary.

A 10% urea
(CH,N,O, M.wt. 60.06 g-mol ™', BDH) prepared

by dissolving (10 g) of ureain 100 ml of distilled
water in volumetric flask to prepare 1.67 M of urea.

A stock solution of a- naphthol

(C,,H,O, M.wt 144.17g. mol *, BDH) (1.4x10
3M) 0.02g of a- naphthol are dissolved in 95 mi
ethanol, and completed to 100 ml in a volumetric
flask with distilled water, then take 20 ml of stock
solution and completed to 100 ml in a volumetric
flask with D.W.

A stock solution of sodium hydroxide

(NaOH, M.wt 40 g.mol -+ BDH) (2.5 M) was
prepared by dissolving 10 g of pure sodium hydrox-
idein 100 ml distilled water in avolumetric flask.
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Sodium hypobromite

(NaOBr, 0.25M) prepared by dissolving (5 g)
of pure sodium hydroxide (1.25M) in 100 ml dis-
tilled water, then added (0.64 ml) of Br,(Bromine).
the solution stored in cold and dark.

Juicesamplespreparation

Grape samples it has been selected from im-
ported samples in the domestic market sample (1)
product of Ammericaimporter by (farm—pik) com-
pany, sample (2) product of Australia imported by
(SPT)(Southern Produce Traders), sample (3) prod-
uct of Australiaimported by (Happy Valley Fruits)
company. The samples were cleaned by distilled
water, crushed and the juice was clarified by cen-
trifugation at 1100 rpm for 20 min at room tempera-
ture, then filtered, the filtrate was passed through
filter paper to remove any precipitant in the juice.

Apparatus& manifold

All spectral and absorbance measurementswere
performed on optima visible SP-300 digital single
beam recording spectrophotometer (Japan), for the
absorbance measurements as peak height by
kompensograph (Siemens) or absorbance with digi-
tal millimeter. A quartz flow cell with 75 pl internal
volume and 1 cm bath length was inside the detec-
tion unit used for absorbance measurements. A one
channel manifold was employed for the FIA/mar-
gining zones spectrophotometric determination of L-
arginine. A peristaltic pump (Master flex C/L, USA)
with power supply (Yaxun, 1501 AD, china) was
used for to transport the solution, In addition, injec-
tion valve (six — three ways homemade which in-
cluding three loops made of Teflon) were loaded
with chemicals and the reagents sol utions, injection
valve was employed to provide appropriate volumes
of standard solutions and samples. Flexible vinyl
tubes of 0.25 mm internal diameter were used for
the peristaltic pump. Reaction coil wasmade of glass
with internal diameter of 2mm. Distilled water as
carrier (ml. min't) was combined with injected
sample (grapesampleL ), and they merged with the
reagent(o- naphthol with ureal,) inthe presence of
(sodium hypobromitesolution L), thenmixedinre-
action coil with length 50 cm was placed inice path,
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injection samples 42.19 ul, flow cell of carrier of
5.5 ml.min‘%, the absorbance as high peak was mea-
sured at 501nm.

For batch procedure, was carried out on
shimadzu UV- 1800 (Japan) double beam spectro-
photometer and quartz cuvette with an optical path
length of 1 cm.

For separation of arginine from grape juice we
used strong cation exchangeresin, Amberlite IR120
(4.2mmol.KgPresin (Na"), particlesize 0.4-1.2mm,
46-52% were selected on a preselect ion of differ-
ent resins provided by several producers. New res-
ins were pretreated with 2 M HCI for 2 hour and
then washed with distilled water. Pretreated resin
were packed in a column (1.0 cm i.d. x30 cm).
Sample (50.0 ml, pH 2.0) was|oaded to the column
at therate of 0.5 ml.min', then rinsed with distilled
water, Finally the sample was eluted with (1
M)NaOH solution at therate of 2ml.min*

Reaction mechanism of the proposed method

The proposed mechanism that sodium hypobro-
mite oxidizes the guanidine group of arginine and
theresulting compound condenses with a- naphthol.
acolored solution was obtained as shown in scheme

D :
procedures
A/ General batch procedure

Anincreasing concentration (1-45)pug.ml™ of L-
arginine was prepared in to a series of 25 ml volu-
metric flask, put in ice bath, then added 1ml of so-
dium hydroxide (2.5M) and 1ml of a-naphthol
(1.4x103M), mix for (2min), then put 0.1ml of cooled
sodium hypobromite (0.25M).The standard solutions
were shaken for (4second), 1ml of urea (1.67M) was
added and mixed. After 10 min, the absorbance of
colored product was measured at A __ = 501 nm
against thereagent blank.

B/General FIA procedure

A L-arginine solution (3-1400)ug.ml* was pre-
pared from stock solution of 2000 pg.ml*The in-
jection volumes of [42.19 ul (L,), 43.175 ul (L)),
and 54.95 ul (L,)] are consist of grape samples was
injected in loop 1, while of 1ml of urea (1.67M)
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Scheme 1 : The proposed mechanism of the reaction between arginine and a-naphthol in alkaline medium

|
i’y
RC
{Carrier I
- | Spwith FC i
_1_’__ B analyzer
= Ice path
Syring Vl % -""1 -
g o
g 1Y
ae

Figure 1 : Schematic diagram of flow injection / merging
[.V, Injection valve ; R.C, Reaction coail ; F.C, Flow cell ;
Recorder, (L= grape sample, L, = a- naphthol with urea,

with 1ml of a-naphthol (1.4x10°M) wasinjected in
loop 2. and sodium hypobromite (0.25M) was in-
jected in loop 3. Distilled water as carrier of the
sample and other chemicals of each loop were car-
ried out with flow rate of 5.5 ml. min?* and reaction
coil length of 50cm, as shown in Figure (1). The
resulting absorbance of the red product was mea-
sured at 501 nm and a calibration curve were con-
structed. Optimization of conditionswere performed

zones —spectrophotometric analysis P, Prestaltic pump ;
D, Detector (Vis — spectrophotometric) ; W, Waste ; R,
L ,= Sodiumhypobromite)

on 35pg.ml?of L—arginine.
RESULTSAND DISCUSSION

Absor ption spectra

L-Arginineforms ared colored product (A __ of
501 nm) with o — naphthol in alkaline medium. The
absorption spectra of the colored product are given
in Figure (2).
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Figure 2 : (A) Absorption spectra of the colored product, 20pg.ml* of Arginine against reagent blank and (B) blank

against distilled water
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Figure 3 : Continuous variation plot of the reaction between Arginine and a- naphthol using batch procedure
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Figure 4 : The molar ratio plot for the reaction of Arginine with a-naphthol in an alkaline medium

The stoichiometry of the reaction between argi-
nine and a-naphthol wasinvestigated under therec-
ommended optimum conditions by(Continuousvaria-
tion) Job’'s method?” according to thefollowing pro-
cedure : in to a series of 25 ml volumetric flasks,
increasing volumes (9-1ml) of arginine 20pg.ml*
were added,followed by putting it in ice then add-

ing 1ml of sodium hydroxide (2.5M) and decreasing
volumes (1-9 ml) of (1.4x10°M) a-naphthol mix well
for (2 min), then added 0.1 ml of sodium hypobro-
mite (0.25M), the solution was shaken for 4 sec.
then putting 1ml of urea (1.67M) and mixed. After
10 minthe absorbance was measured versus reagent
blank at A 501 nm as shownin Figure (3).
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And also amole ratio method was performed of
the reaction, an increased volumes (0.1-2) ml of
1.4x10°M, a-naphthol were added to a1 ml of 20
pg. ml 1L- arginine which was oxidation by 0.1ml
sodium hypobromite (0.25 M), and reacted with a-
naphthol (1.4x10°M) and the colored product was
stabilized by adding urea (1.67M). asshown in Fig-
ure (4).

Theresult obtained (Figure 3&4) indicatethat a
(2:2) colored product was formed.

Batch spectrophotometric determination

The factors affecting on the sensitivity and sta-
bility of the colored product which resulting from
the reaction between L-arginine and a-naphthol in
alkalinemedium wereinvestigated.In the subsequent
experimental the concentration 20pg.ml* was cho-
sen as the optimum concentration of arginineto ob-
tain the highest absorbance. The effect of different
concentration of sodium hydroxide (0.1-1.2M) was
carefully studied for the reaction between L-argin-
ine and a-naphthol in akaline medium in the pres-
ence of urea and in ice path (5°C) to increase the
time of Complex stability using sodium hypobromite
as oxidizing the guanidine group of L- arginineand
resulting compound which condenses with a-naph-
thol which described above procedure, 1M NaOH
seems to be optimum as shown in Figure (5).

Theeffect of diversconcentration of ureaonthe

12 1

Abe.
&

“ ! 1
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reaction wasinvestigated, the highest absorbance at
0.3M of ureawas found necessary for complete the
reaction and it was appropriate for the optimum as
shown in Figure (6).

The effect of various concentration of a- naph-
thol was tested on the maximum formation of the
colored product, Figure (7) shown that 8x10“M was
adeguate to gain the maximum absorbance

The effect of different concentration of sodium
hypobromite was studied.A 0.1M sodium hypobro-
mite gave the highest absorbance and was chosen
for subsequent experimental, asshowninFigure(8).

FI A- spectrophotometric deter mination

The batch method for the determination of L-argi-
ninewas adopted asabasisto develop aFIA / merg-
Ing zones system.

Optimization of chemical conditions

The influence of sodium hydroxide concentra-
tion (0.1-3M) was investigated,the result indicate
that the best concentration of NaOH is2.5M at maxi-
mum peak height (n=3) mv, asshownin Figure (9)

The experiment was done at various a-naphthol
concentration of (1x10“ — 1.5x10° M) Figure (10)
showsthe maximum peak height at 1.4x10*M which
soluble in ethanol (99%), and was selected as the
optimum concentration of reagent as shownin Fig-
ure (10).

0 02 04

.6

0.3 1 1.2 14

Conc. of NaOH (mel.LY)
Figure 5 : Effect of the concentration of NaOH in (M)
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From Figure (10) showsthat an increasethe a- oxidizing reaction of L- arginine. Urea was added
naphthol concentration might be cause decreasein tothereaction, it mixed with a- naphthol and loaded
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inloop2 to increasethetime of stability of the com-
plex formed, therefore the influence of various con-
centration was investigated and 1.67M seemsto be
the perfect absorbance as peak height (n=3) mv as
shown in Figure (11).

The influence of different concentration of so-

dium hypobromite was studied, the concentration of
0.25M was found to be the ideal value as oxidizing
agent of L-argininewith a-naphthol in the existence
of ureain ice path (5°C), as shown in Figure (12).
A preliminary physical condition was used
42.19ul as sample volume (L,) which loaded by L-
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Figure 12 : Effect of different concentration of sodium hypobromite on peak height intensity(mv)
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Figure 13 : Effect of reaction coil length in (cm)

arginine 35ug.ml * with adding some drops of so-
dium hydroxide 2.5M, 43.175ul of a-
naphthol (1.4x10°M) in 1.67M urea (L) and 54.95
ul of 0.25M sodium hypobromite (L,). It was con-
cluded that distilled water can be used as carrier
compared with the base was used. Distilled water
was preferred as a carrier stream (ml.min -9 with
high sensitivity for determination.

Optimization of physical conditions

The effect of variables such asreaction cail, in-
jection volume of reagents and sample and flow rate
ontheanalytical responsewasinvestigated. The peak
height depends on the residence time of the sample
in the system that is affected by flow rate and reac-
tion coil lengths, the results during the study of the

Hralytical CHEMISTRY o

effect of reaction coil lengths (50,100,150,200) show
that by increasing the reaction coil lengths up to 50
cm the sensitivity decrease. At longer distancethere
was increase in dispersion and it will decrease the
peak height. as shown in Figure (13).

The effect of variation of sample and reagent
volumes were investigated under optimum condi-
tions. L-arginine concentration was 35ug.ml™* a-
naphthol (1.4x10*M) with urea(10%), and sodium
hypobromite(0.25M). theresults obtai ned indicated
that a(42.19,43.175 & 70.25) ul was suitable vol-
umesfor sample and reagent respectively using dif-
ferent lengths of loops and using open valve mode
gave the best response as shown in Figure(14).

Theinfluence of flow rate on theresponse of the
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reaction wasstudied in therange of 1.1- 6.3 ml.minr
. The result obtained indicated that a flow rate of
5.5 ml.min? of ditilled water as carrier gave the
highest response as shown in Figure (15).

Theinjection time was also an important condi-
tions that effect on the sample throughput and was
investigated by cal culating theinterval time between
the sample injection and the appearance of the end
of the signal. the reaction time of each sampleswas
80 sec., therefore the sample through put was 45
sample/hour.

Analytical parameters

Analytical characteristicssuch asdetection limit,
linear range, relative standard deviation and corre-
lation coefficient of each method were determined®
and also explained in TABLE (1), results proof the
high sensitivity of the developed procedure.

These small pointswerereferred to high repeat-

ability and reproducibility of the developed FIA
compared with the batch procedure. The FIA-merg-
Ing zonetechniqueismore convenient than theformer
method because of its speed (sampl e through put of
45 injection h), wider linear range of calibration
graph and good recovery were obtai ned.

Analysisof grapejuicesamples

The suggested methods were applied for the
quantitative determination of L-arginine in grape
juice samples?., Threetypesfrom different sources
were pretreatment as shown in chemicals, TABLE
(2) summarizestheresults obtained by the proposed
methods. They gave a good accuracy & precision,
the proposed methods were compared successfully
with the official method®”, since F-test and T- test
TABLE (3) indicatethat therewasno significant dif-
ferences between the proposed method and the offi-
cial method. The calculated valued for F- test were
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TABLE 1 : Analytical characteristics of the procedures developed for the determination of L- arginine
Parameters Batch method FIA method
Linear range (ug.mL™) 1-45 3-1400
Regression equation y=0.025x+0.243 y=0.468x+152.5
Correlation coefficient (r) 0.9869 0.9966
Linearity (r*%) 97.78 99.3
Relative standard deviation (RSD%) 0.0145 (at 15 ppm) 0.057 (at 60 ppm)
Slope (b), (ml.pg ™) 0.025 0.468
Intercept (@) 0.243 152.5
Standard deviation of slope (Sy) 3.9x10° 0.0185
Standard deviation of intercept (S,) 0.019 25.39
Limit of detection (LOD) 0.468 0.12
Limit of quantification (LOQ) 4.68 1.186
Sample through put (hr'%) 4 45

TABLE 2 : Application of the proposed and official methods for the deter minati

on of L- arginine in grape juice

Proposed methods

Grape juice samples Batch i i FIA-Merging zones i Official me(t)/hod
Present conc. Rec.” RSD’ Presentconc. Rec.” RSD recoveryro
(ng.ml™) % % (ng.ml™) % %

Sample (1) 5 100 02 20 100.05 0.084
product of America 12 995 064 40 100 0025 1001
Importer by (farm — pik)
company 30 1006  0.99 80 100 125
Australiaimported by (SPT) 12 99.91 0.083 40 100  0.00 99.87
(Southern Produce Traders) 30 100  0.023 80 99.98 0.012
sample (3) product of 5 992  0.72 20 100  0.00
Australiaimported by 12 100.08  1.49 40 99.325 0.729 100
(Happy Valley Fruits)

30 100  0.00 80 100.01 0.021

company

"Average of three determination

TABLE 3: The comparison of the proposed batch and FIA methods with standar
tests

d method using T- and F- statical

Proposed methods

Official method

Grape juice samples Batch FIA
Rec%  (x-x)4 Rec%  (x-x)2 Rec%  (x-X)%
Sample(1) . 10003 0062 10001 25x10° 1001  1x10%
product of America Importer by (farm — pik) company
Sample (2) product of Australiaimported by (SPT)
(Southern Produce Traders 99.57 0.044 100.1 0.019 99.87 0.012
sample (3) product of Australiaimported by 9976  4x10* 9977 0036 100  0.014
(Happy Valley Fruits) company
)= Z6X)a= (1= Z6x)= ()= Z(6-X)7=
99.78 0.106 99.96 0.057 99.99 0.026
coatsdpaeny =5 /S2=0.052/0.012= 433, F . o= S%S?=0025/0012=208;F . =190LF . >F_ . at95%
confidence level, T =0178, T 036, T =2770, T >T L aes s @ 95% confidence level.

calculated (Batch) calculated (FIA) theoretical theor etical

(4.33) & (2.08), T-test valueswere (0.178) & (0.36) for the batch and FIA methods respectively, did not
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exceed the critical values of F- test = 19.01 and T-
test = 2.770 (n,+n, — 2 = 4). These confirming that
thereareno significant differences between the pro-
posed methods and the official method with respect
to precision and accuracy in determination of L —
argininein grapejuice samplesasshownin TABLE

(3)-
CONCLUSION

A batch and FIA methods were described for
the determination of L- arginine. Although very few
methods are available for the determination of L-
arginine by spectrophotometric analysis. The pro-
posed method arerapid, smple & offersthe advan-
tages of sensitivity more than all reported spectro-
photometric methods, which needed adifficult con-
ditions, expensive material & the method that obeyed
Beer's law gave a good application for the grape
juice than the other methods which have low linear
range®y,
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