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5. ATUYTIVOA heating coil UDZ mixing coil
18411 1SANYINAUDINIULIILBI heating coil HAE mixing coil 1HHIY 25-200 cm
At = o o o = ar - P 3 & -~ -
Alaemsunsizvniarostn  TuszuuIvadwendu-Inmagdeomain ldad iy lavnisiia
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M131391 7 WAVUDIYUNNIIYDY heating coil (1AL mixing coil NilABHANITIAIIEHNIAABT LN
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60 —
%‘ 50 /’—f
;?:D 40 —a&— heating coil
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- < . . et 1 =
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6. 8R31013 1navea NBS liay KI
1dMin1sAnyIHaunIdnas 1013 ITMaves NBS uas KI
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ANUFIND (mV)*
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LIV
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7. fsmaimidaas
TEinisanuiraveTinasnsdaaislusa1 50-300 1. Nleenisiinsiz
o = -~ = [ o oAy v J -~ o~ o o
nsavraiun Tuszuu Iaduieasu-Twmadsowasn ldadnvu lavnmsfasisazarunsasesin
- 1] -9 - L ﬂ. A o : far
udu 50 me L dsng i USinasmisfiaans 150 g LIddganugeafiae savdsoindudyny i

“ -~ Yy o - P a
4 A0n RNV BAMID0 @19151390 8 nas nwh 22

M990 9 wavesSinasmisiam s niReRan 1T AT ITMNTAYDI LN

umanisanas (uL) AIUPIAD (mV)*
50 11
100 46
150 54
200 55
250 57
300 58

peak height (mV)

S0 100 150 200 250 100

Injection volume (ul.)
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manifold 41301311 Taanzimuizauniin w3199 10
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mL/min

[
= 1

§ 13137 10 aN11ENA199 NinsAnyIIanIzIMuIzaY

aNITUBITTUY vaafdnn annIzMINT AN

AdNYUYDIAITAZAIY NBS (mM) 0-25 5

A NTNVDITITALAW KI (mM) 0-25 . 7.5
A UTUYDIAITATAU KBr (%) 0-1% 0.1
gu1iNiiv03 Heating coil (°C) 25-40 35
fIM017U01 healing cotl (cm) 25-200 150
AU DY mixing coil (cm) 25-200 100
6@351N17 11Mav03 NBS (mL mim’™) 0.25-2.0 1.0
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8. msawnnvhinnigiu

o ldnnmsinsasimanasgunsasesin ssnieanududu 5-200
me L' drumadia TnnuSeawasn-Inaduinaduszuidda noldanisfivuizas uanadanin
i TesSsunniduszniuanududuvesnsaxedin fu anugauesiin vz 1dns v
wnsgfilunshduasdand 0-250 mg L' Taofiaumisnshidunss iy Y = 0.497X . i1
dulszAnTanduiug () iy 0.996 iR du (slope) WL 0.497 Fafi

Y = 0497X (r = 0.996)

HaznINAIsAIINMIATai1fad e (detection liminlunisdinaizd Tasldi3n1sasnsidau

AYYIMVBIAITADTYYIUITUAIU IHU 3 M1 (S/N = 3) A uv19U 0.1 mg L

ST

£ min
-— (

1 W0 mV (e)

()
A 23 dyanuvoansareidniinududuais 9 () 10 (1) 25 (c) 50 (d) 100 (e) 150 (£)
200mg L™

M1519% 11 ANUFIresinvosnsages dnAinnudududis

NIABBILN (mg L) ANUFIVOINA (mV)*

5 2.1

10 5.1

25 12.2

50 24.8

100 48.0

150 81.0

200 100.5

250 120.3

HUWIMG *NINMINAne: 3 6
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Peak height (mYV)
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4 ] ™ ar o
A19190 12 HANMISANYIAS BUazY0IMFIINAUYDINIATDI LN

o . 4 USnansaweidn (mg/L)* fouaz
madIetai -~ — — ~ s
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1 100 20 117.4 97.4 97.4
15 100 34 132.5 98.5 98.5
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v v
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10, MIAMRE IR 3TN Tz
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Usuanseveitn Taomsinmiazaimnasguniagesin i€udu 100 me L' $117u 10 Ae
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-
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m‘mﬂammﬁ; anududuvensaveiin (mg/L)
1 99
2 101
3 100
4 99
5 100
6 98
7 100
8 100
9 97
10 100
1 102
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finﬁuuuummgm (SD) 1.36

%R.S.D. 1.37
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11. MIANHIANFIUAIUMS HATIZH
Y o ° = L4 . o A Ve J
TavimisAnyIni iz lunisimey (selectivity) vounaiinf ldwaniu
Taonsiduasimaneztiuassuniulumsimsizinsaresinlunsesduntiveanssodiilu
o« = ar 1 o -1 o et
panlsznau lasAuaisaenain §1uau 50 uaz 150 mg L' aslumsuiassunsaxraidnini
v ¥ -1 Y o a ¢ - o =

anuidudu 50 mg L' udaminsimsigvifsoumsudumsunasgiundaaeinaissuniu

TAuaun1sNIsMIBAI A IUT YN (signal ratio) Al

o s _ _ Y QY IUUOIT 1TV INTFIU+TITTUN I
DRI NAIUN YU (Signal ratios) =

FYRYIUYBINITUINTFIU

P o -
F1 18 uan15 AN IR INIT 1N

FI'I‘S"IQ‘?I 14 Nﬁﬂ'liﬁﬂﬂ 'l'ﬂ”li‘i‘ljﬂ'luﬂ'lifjlﬂ‘i'Izﬁ‘ﬂ'iﬂ"]iﬂg‘ﬁﬂ

msfiu Wi (mg 1) snaaIUT eI’
Aspartame 150 0.9
Benzoic acid 150 0.9
Caffeine 150 1.2
Caramel 150 0.8
Citric acid 150 0.8
Ethanol 150 0.8
Sacharin 150 0.9
Sucrose 150 0.9
Pectin 150 0.8
Sodium salicylate 50 2.2
2-terr-Butyl-methoxyphenol 50 1.5

* Ratio of signal for mixture of 50 mg L" sorbic acid and additives compared with

S0 mg L' sorbic acid alone.
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Abstract

The flow injection-potentiometric system for the determination of sorbic acid is
proposed with simple design, ease of construction and low cost. An iodometric method
for the determination of sorbic acid was described. The niethod was based on the
quantitative reaction between sorbic acid and N-bromosuccinamide (NBS). A known
excess of NBS was mixed to brominate sorbic acid, and the excess of NBS was then
z lowed to react with iodide to liberate iodine, which was subsequently measured with
potentiometric method. The flow injection-potentiometric systcm consisting of a
commercial ion sclective electrode (ISE) and Ag/AgCl reference clectrode was equipped
with the computer for data processing. It was found that the potentiomeétric response
exhibits an almost linear of calibration up to 250 mg L' with a detection limit (S/NV=3) of
0.1 mg L' and a relative standard deviation (RSD) of 1.4% (n=10). The proposed
method is very feasible and simple and is therefore sutiable for routine analysis of sorbic

acid in beverage.

Feywords : Flow injection analysis ; Potentiometry; Sorbic acid ; Wine,

Eromosuccinamide
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1. Introduction

Food prescrvation has always been of great importance. Nowadays Chemical
preservation has become an incrcasingly important practice in modern food technology
with increase in production of processed and convenience food. These pruservative are
generally used to stop or delay nutritional losses due to microbiological. enzymatic or
chemical changes and thus increasing its shelf hfe. Sorbic acid, benzoic acid and their
respective sodium, potassium and calcium salts, are generally effective to control mold
and inhibit yeast growth and against a wide range of bacicria attack.|]1. 2|. Despite the
v-idespread use of these antimicrobial agents, adverse effects such as metabolic acidosis.
convulsions and hyperpnoea were observed in experimental animals and humans given
very high doses. Some weak clastogenic activity was note in invitro assays [3].

The analytical determination of thesc preservatives is not only important for
quahty assurance purpose but also for consumer interest and protection. The most
common analviical method for the determination of sorbic acid in food were either
titration [4. 5] . spectrophotometric |6. 7|. HPLC [8. 9|. TLC [10. 11|. capillary
clectrophoresis [12. 13]. and gas chromatographic methoas |14. 15|. They were

descrnibed by several authors as requiring cxtensive sample preparation and relatively
long analysis time.

The first [16] utilised the oxidation of sorbic acid to maloaldehyde. which reacts
v ith thhobarbituric acid to form a colored compound. The second [17] involves the
measurement of absorbance at 250 nm. The first method is time consuming and alcohol
is known to interfere, while many substances absorbing in the UV region, e.g.. benzoic
acid, saccharin and caffeine, interfere with the second method. A number of titrimetric
methods have been reported in which sorbic acid is allowed 1o react with a hhalogenating
agent and the excess of the reagent is determined iodimetrically | 18].

Spanyar and Sandor [19] used bromine (added as KBrQ;) to react with sorbic
acid, bul the reaction had to be carried out in darkness and salicylic acid interfered.
Spacu and Dumitrescu |4] used sodium chloride to clotinate sorbic acid in acidic medium
at the 2- and 5- portions. The expcrimental condition needed to be carefully controlled
¢ 1d the relative error was never less than 6%. Bromine in carbon tetrachloride was also

proposed as a brominating reagent, but this method requires special precuation to prepare

standard bromine solution.



34

Shukla et al.[20] reported that sorbic acid reacts quantitatively with N-
bromosuccinamide (NBS) at 50-60°C, and this provice a basis for setting up a titrimetric
n ethod for the determination of sorbic acid. The advantages of using NBS arc that it is
cheap. readily available and casy to handlec.

The use of flow injection mcthodology to extend the capabilities of ion-selective
electrodes has been reviewed |21]. Compared to manual potentiometry, flow injection
potentiometry (FIP) has several advantage including the reproducibility of the analytical
signal and the reproducible usc of small sample volume. Simplicity of system design,
low cost, easy automation and feasibility of wide-range determinations with minimum
sample manipulation are some of the favourablc characteristic resulting in the
combination of flow-injection system with potentiometry [22].

The main purpose of the present work was then 1o develop a low-cost automated
f,ow injection procedure with potentiometric detection for determination of sorbic acid in
soft drink. An iodometric method for the determination of sorbic acid was described. The
method was based on the quantitative reaction between sorbic acid and
bromosuccinamide. A known excess of bromosuccinamide was mixed to brominate
sorbic acid, and the excess of bromosuccinamide was then allowed to react with iodide to
liberate iodine. which was subscquently mcasurcd with potentiometric method. The
proposed method can be used successfully for the determination of sorbic acid and
sorbate in soft drink samples. Whilst retaining the accuracy of other method, the

proposed method is superrior in term of simplicity and convenience, and is therefore

sutiable for routine analysis.

2. Experimental

2.1 Apparatus

Potentiometric-FIA measurement were performed using an ion meter model
(Metrohm, Herisau, Switzerland) consisting of an iodide ion-selective electrode as
working electrode and Ag/AgCl (3M KCIl) as reference electrode (double-junction
system with sleeve ceramic diaphragm). For the data processing, the ion meter has

equipped with a notebook computer via RS232 port using in-house computer software

for data transference.
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A home-made flow through clectrochemical cell had been constructed from
Perspex plastics (PEEK) with 3 x3 x 3 ¢m size. The working electrode and reference
e,ectrode had been inserted in each hole of flow through cell using o-ring rubber for
protection of liquid leaking.

A wall-jet flow cell. providing low dcad volume. fast response. good wash
characteristics, ease of construction and compatibility with electrode of various shapes
and size. was used in flow measurement where a Perspex cup with axially positioned
inlet polypropylene tubing is mounted at the sensing surtace of the electrode body. The
optimized disltance between nozzle and the sensing surface of the electrode was 5 mm.
this provides the minimum thickness of the diffusion layer and consequently, a fast
response.

A single-channel EYELA(Tokyu. Japan) model MP-3 peristaltic pump supplied
with Tygon pump tubing was used for the propulsion of the tluids. The manifold was
assembled with PTFE tubing (0.8 mm id.) and stainless tubing (0.8 mim id.) has been
used as heating coil for temperature controlling via water bath. The six-port injection

valve was a Upchruch Scientific (V.450). The instrumental set-up was depicted in Fig.1.

Ion meter ]——J Compulej

I —ﬁﬁ-ﬂf

Flow-Through cell

NBS +KBr

= W

Kl

mL/min

Fig. 1 Manifold of potentiometric-flow injection analysis system for
sorbic acid determination ( P = Pump. | = Injection valve. S = Sample,

M = Mixing coil, W = Waste )
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2.2 Reugents

Sorbic acid standard solution, 1,000 mg L. Prepared by dissolved 0.1000 g of
the acid (Merck) in 50 ml of deionized water containing 1 pellet of sodium hydroxide
and diluting to 100 mL in a calibrated flask.

N-bromosuccinamide (NBS) solution, 0.025 M. Freshly prepared by dissolved
C 45 g of the compound in the minimum of hot water and diluting to 100 mL

Chemicals for interference studies were purchased from Fluka, Ajax and Merck.
All chemicals were of analytical grade and used without further purification. All
solutions were prepared with de-ionized water prepared by passing distilled water

through a Milli-Q system (Millipore Corp.).

2.3 Flow injection procedures

All potentiometric flow injection measurements were performed at ambient
temperature (25 + 1°C) by injections of aliquots of stock sorbic acid solutions into the
flowing steam of carrier, a injection valve, heating coil, 3-way connector, mixing coil
and potentiometnic detector. The solution of NBS and KBr as carried solution was
rl.xmped through the flow-through cell, which consisting of working electrode and
reference electrode. with a constant flow rate of 1.0 mL min™ until a stable baseline was
established. The sample was then injected into the FI system via an injection valve
equipped with a fixed sample loop of 150 pL. The resulting péak was then recorded. The

peak height (AE) was used for subsequent interpretation of the data.

3. Results and discussions
3.1 Influcni of concentration of Reagents

The effect of NBS concentration on the potentiometric sorbic acid determination
is shown in Fig.2 . It was seen the response of sorbic acid increase with increase in NBS

¢ dncentration up to 5.0 mM and decreased with increase in NBS concentration above 5.0
mM.
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Fig.2 Influent of concentration of NBS

The dependence of KI concentration over the concentration rang 0.0 to

25.0 mM is illustrated in Fig.3 . The resulting peak-shaped concentration profile showed

maximum responds of the sorbic acid at 7.5 mM.

60
50
40
30
20

peak height (mV)

10

0
0.0 5.0 10.0 15.0 20.0 250
KI (mM)
Fig.3 The effect of KI concentration

The concentration of KBr has a profound effect upon sorbic acid response.
Increasing the concentration of KBr from 0.0 to 0.2% resulted with increase in the

sorbic acid response. It can be concluded that KBr could speed up the reaction between
1'BS and sorbic acid. [23] However, the potentiometric response dramatically decreased
with increase in amount of KBr above 0.2%. From the experimental result, it was found

that increasing of amount of KBr caused electrode fouling.
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Fig.4 The effect of KBr concentration

3.2 Influent of temperature of heating coil

The reaction of NBS with sorbic acid was obtained at 25-40°C by heating the
reaction coil via water bath. The effect of temperature was shown in Fig. where it can be
seen that the potenticmetric response increase with increase in the temperature of heating

coil. The reaction was about 74% complete when the bromination was carried out at
30°C[7].

g
e

peak height (mV)
o
o O

)

25 30 35 40

Temperature (°C)

Fig.5 The effect of temperature of heating coil
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3.3 Influent of length of heating coil and mixing coil

The effect of length of heating coil and mixing coil were pursued by varying
the length of heating coil and mixing coil from 25 to 200 cm. The results was
illustrated in Fig.6 It was found that the potentiometric response increased when
the length of heating coil and mixing coil were increased up to 150 and 100 ¢m,
respectively and then started to level off. Based on the results, the length of

heating coil and mixing coil of 150 and 100 cm, respectively were employed.

70

60
o —F
E 0
:-f_ﬁ 40 —a— heating coil
E‘ 30 —&— mixing coil
g 20

o

0 .

0.0 50.0 1000 1500 2000 2500

length (cm)

Fig.6 The effect of length of heating coil and mixing coil

2.4 Influent of flow rate of NBS and KI
The effect of flow rate of NBS and KI on potentiometric response were

studied by varying the flow rate from 0.25 to 2.0 mL min™'. The results are

illustrated in Fig.7 It was found that the maximum response was obtained at 1.0

-
ml. min~ and then decreased when the flow rate was greater than 1.0 mL min".

However, it was found that the noise level gradually increased with increasing
flow rate.
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Fig.7 The effect of flow rate of NBS and KI

3.5 Influemt of injection volume

Fig.8 shows the dependent of injection volume on the potentiomentric response.
It was found that the response increased when the injection volume was increased from

50 10 150 pl and then started to level off. Based on the results, the sample volume of 150
ul was employed.
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peak height (mV)
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Injection volume (uL)

Fig.8 Influent of injection volume
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3 6 Analvtical characteristics

Fig. 9 displays the typical responses of sorbic acid under the optimized
experimental conditions of calibration at the concentration range 10-200 mg L. The
linearity of potentiometric responses were examined under the optimum experimental
conditions. A calibration graph for sorbic acid over the concentration range of 0.0 to
500.0 mg L' was obtained. It was found that the potentiometric response exhibits an
almost linear of calibration up to 250 mg L™'. The correlation coefficients of the linear
regression of the standard curves were consistently greater than 0.99. The signal-to-noise
characteristics (S/N) = 3 indicates a detection limit of 0.1 mg L™ sorbic acid. Recovery
tests with the proposed method were performed using sorbic acid solutions with different
concentrations in the range 25-100 mg L™ , which covers the usual concentration range
¢ sorbic acid in commercial soft drings. The recovery of sorbic acid was found to rang.
from 97 to 102 %
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Fig.9 typical response of sorbic acic at (a) 10 (b) 25 (c) 50 (d) 100 (e) 150 (f) 200 mg L~

i

The precision of the method was checked by calculating the relative standard
deviation (RSD) of 11 replicate determinations on a synthetic sample containing 50
myg L' of sorbic acid. The relative standard deviation was 1.4%. The half peak-widths of
potentiometric response were found to be 90 sec. These allow injection rates of 30

samples per hours to be achieved. The high sample throughput reflects the inherent

advantage of the FIA technique.
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3.7 Selectivity

A number of common additives in soft drinks were studied for their possible
interference effects in the determination of sorbic acid by the proposed method. The
signal obtained for each potential interference at 150 mg L' (except as otherwise stated)
in the presence of sorbic acid at a concentration of 50 mg L™ was used as an indicator for
s :lectivity in comparison with the sorbic acid reading alone. These results are listed in
Table 1. It is evident that the proposed method is quite selective for sorbic acid. Of these
substance studied, only sodium salicylate interferes seriously whereas 2-rert-Butyl-

methoxyphenol and caifeine interferes various extents.

Table.1 Effect of some common food additives

Substances concentration added (mg!')  signal ratios ®
Aspartame 150 0.9
Benzoic acid 150 0.9
Caffeine 150 1.2
Caramel 150 0.8
Citric acid 150 0.8
Ethanol 150 0.8
Sacharin 150 0.9
Sucrose 150 0.9
Pectin 150 0.8
Sodium salicvlate 50 2.2
2-rert-Butyl-methoxyphenol 50 1.5

* Ratio of signal for mixture of 50 mg L™’ sorbic acid and additives compared
with 50 mg L' sorbic acid alone.
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3.8 Application

Some of beverage samples such as white wine, red wine, orange juice and soft drink
were analyzed by the present method and the results were compared with HPLC method.
A satisfactory agreement between the results was found with mean relative differences in
the range 0.0 — 1.0%. Moreover, the validation of the proposed FI method was also
. :rformed by comparative determination of sorbic acid by HPLC using t-test. The results

obtained by the proposed method are excellent agreement with those determined by
HPLC.

Conclusion

The proposed method can be used successfully for the determination of sorbic
acid in beverage samples with simple design, ease of construction and low cost.. Whilst
retaining the accuracy of other method, the proposed method is superior in term of

simplicity and convenience, and is therefore suitable for routine analysis.
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