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4 for Successful Food
and Beverage Analysis

Vincent Diederich and Elke Suss, Metrohnm AG, Herisau, Switzerland

When it comes to the topic of foods and beverages, consumers want to
know the details of the ingredients in the products that they purchase.
Whether due to dietary restrictions or health concerns, this information can
be critical and must consequently be reliable. It is therefore not surprising
that the regulations in this field have become ever stricter to ensure high
standards of product quality. lon chromatography (IC) is a versatile tool
that can analyze multiple regulated components in the same run. Two of
the most essential factors for successful IC analysis of food and beverage
samples are discussed in this article.

Food quality and labelling must comply different physical properties and a wide variety
with consumer needs as well as increasingly of components that can interfere with the
stricter regulations (for example, EU regulation analytical procedure (3).
1169/2011, US 21 CFR Part 101) (1,2). Robust, Overcoming the challenges of food
reliable, and fast determination of food quality and beverage analysis is possible with ion
parameters is therefore indispensable. chromatography (IC). IC is a robust and

Food and beverage analysis is challenging— straightforward analytical technique that can
not only due to the vast range of analytes analyze multiple components within a single
but also because of the sample matrix. These run. It has many benefits for food and beverage

samples are complex and heterogeneous, with analysis, such as:
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e [t is straightforward and easy to use, with low
instrument and operating costs.
e [t is environmentally friendly due to low

chemical usage. or clogging; they may even interfere with the
e |t is flexible—several detectors can be analytes of interest during analysis. @) a5 _ T matxsrength

combined for comprehensive analysis of Multiple procedures exist to prepare samples - matri strength

anions, cations, carbohydrates, and more. for analysis and/or improve the accuracy of T \,
* |C with amperometric detection is selective, the results. These include routine steps such as 2, ‘

sensitive, and quick, with very low detection weighing, grinding, homogenization, mixing, g 5 | =

limits. dilution, heating, or cooling, procedures for ;g’ . " chloride '  Nitrite '

preservation, as well as clean-up techniques S

Nevertheless, two critical points must be such as filtration, centrifugation, digestion, ’ R j i A m
considered to guarantee accurate analysis of extraction, or precipitation (7). ° 4 8 1'2 1'6 2'0 2'4 2:8
food samples: Most sample preparation practices are Retention Thme i
® An appropriate sample preparation prior to performed manually and offline, accounting

the analysis; for 60-80% of the laboratory effort and (b) ncreasing
e A suitable column, particularly regarding operating costs (3). This practice can be prone gg o suength

properties such as column capacity and to human error depending on the complexity )

selectivity. of the sample treatment, and results may vary = 15

between operators (3). § i

Sample preparation prolongs instrumental While particles are easily removed by filtration £15 1 , = N
and column lifetime and reduces interfering or centrifugation (5), fats and proteins require cwmld T e T neie
components. The column capacity is essential more specific treatments. Traditionally, Carrez 5 : A /\
for the separation efficiency of the remaining clarification is used to remove proteins and fats
sample matrix from the analytes of interest, and  from food samples via precipitation (8). However, ° 5 1'0 1'5 ZIO
thus the final detection capabilities. this manual procedure requires a significant ————

complex heterogenous mixtures (3). Such
matrices can be aggressive and degrade the
analytical system, leading to precipitation issues

amount of work and specialized chemicals.
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Figure 1: Comparison of water analysis with two columns differing in selectivity and capacity.
(@) The lower capacity column shows peak broadening and peak splitting with increasing matrix

strength (higher carbonate content), while (b) the high-capacity column exhibits stable behaviour
and performance without any influence on the retention times or peak symmetry and sharpness.

Influence of the Column Capacity
The separation column plays a crucial role
in the quality of each analysis (13). For
the determination of anions, cations, and
carbohydrates, the respective analytical

Automated alternatives are faster, more
cost-effective, and greener (3). These
approaches have been widely adopted by the
scientific community and are used in routine
analysis for multiple applications (9-12).

The Role of Sample Preparation
Instrumental analysis of foods requires sample
preparation to guarantee a long system lifetime
along with reliability, reproducibility, and accuracy
of the results (4—7). Foods and beverages are

columns are typically made from densely
packed spherical, polymeric particles.

The base materials are frequently made from
polystyrene-divinylbenzene copolymer (PSDVB)
or polyvinyl alcohol (PVA) (14,15). This material
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Figure 2: The determination of sulphite in beer via IC using a Metrosep A Supp 19 column and

fulfils structural tasks, and is involved in many
life-supporting reactions (20). Drinking water
must be clean, and safe drinking water is

impacts the compatibility of the column
with the sample matrix, as it may exhibit

conductivity detection.

secondary, undesirable interactions with matrix Ll " Sulphite Sample + 20 mg/L Sulphite . . .
constituents (16) . 1.40 sample + 10 mg/L Sulphite considered a human right (21). However, it
Column § Iin. < 2 risk when analvzin = 135 Sample is estimated that up to 13% of the global
olu ouling is a ris en analyzing £ 10 J 0 lation d t h to saf
foods and beverages. If hydrophobic a il
: ) = g o drinking water (22,23).
constituents from the sample stick to the 2 120 Microbial contamination h | : ;
column material, this can result in a pressure £ 6 - 1.15 |§ro . @ con amlna.|on 9 g arge impac
ncrease and column blockage. PVA material 3 175 180 185 190 on drinking water quality, but the presence of
ge. materials g 4 . : .
are less prone to this because they do not S chemicals can also pose serious health risks
g . . : i 24). To serve public health, comprehensive
allow for many additional interactions, while g ( (j | P L f;i . k.p
PSDVB particles contain many conjugated 0 l l l l . . an l:{eg‘u o m.o n(;tgrmg or e |tn g V\fTr ,
electrons that promote these interactions. 0 5 10 15 20 25 30 quallty 5 FequIred in fany countries Tofowing

regulations from the WHO (21), EPA (25),
European Union (22), or local regulations (as
described in a WHO report [22]). Appropriate
and reliable analytical techniques are
essential to fulfil these requirements. lon
chromatography is a suitable technique, as
it can measure important quality parameters
beside toxic disinfection by-products, as
described in EPA 300.1 A and B (26).

Measuring inorganic anions in drinking water

Recent advances in PSDVB column materials
show that such interactions can be minimized

Retention Time (min)

by properly coating the PSDVB base
material (17).

The base material not only affects these
secondary interactions—it also impacts
the column stability against extreme pH or
temperature changes. With regard to stability,
PSDVB materials are considered superior to
PVA materials because they can withstand the

e A high-capacity column with many
ionexchange groups ensures that the
separation column will not overload,
even when the sample contains a large
concentration of multiple ions.

for the elution order of the analytes in the
chromatogram (18). In food samples, many
low-molecular-weight organic acids must be
adequately separated from the inorganic anions,
though not all stationary phases provide the
required selectivity to achieve this (19).

The number and density of ion-exchange The following examples show the benefits

full pH range (0-14).

Surface modification of the base material is
responsible for the ion-exchange mechanism
and the retention of ions on the column.

The type of functional group linked to the
particle surface controls the selectivity of
the stationary phase and is responsible

groups is reflected by the capacity of

the column. High-capacity columns

are recommended when analyzing

complex matrices. The benefits of using a

high-capacity column are twofold:

e lons of interest are strongly retained
while non-binding constituents can
be flushed out. This lowers the risk of
interferences.

of sample preparation paired with a suitable
high-capacity column for IC analysis
of foodstuffs.

Drinking Water Analysis:

Not Always Easy

Drinking water is essential for many vital
functions (20). It contains nutrients, acts
as a solvent, ensures molecular transport,

may seem simple. Sample anions are separated
with an anion-exchange column before passing
through the detector. However, depending on
the water source, large amounts of carbonate
may be present and are also retained. If the
carbonate peak elutes close to another anion,
it may cause a disturbance. Peak shape will

be negatively impacted, and the peak can

even split. Figure 1(a) shows this undesirable
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Figure 3: (a) Determination of sulphite in beer via IC using a Metrosep Carb 2 column and

behaviour: With increasing concentrations of . . . : .
g amperometric detection. (b) This analysis also works with other food samples, such as mustard,

bicarbonate, the nearby chloride and nitrite
peaks become broader. The consequences
are worse for nitrite; at low bicarbonate 240 -
concentrations, a shoulder appears, and at high
bicarbonate levels the nitrite peak splits into two
due to local column overloading. This leads to
erroneous results.

Column selectivity and capacity are
important factors to ensure reliable results. 80 -
The appropriate selectivity can shift the 3222:2 + 10 mall sulphite
elution of the carbonate peak away from the 0
other anions. A high ion-exchange capacity
guarantees that the column is not overloaded, (b)
even when injecting highly loaded samples. 400
Figure 1(b) shows an example using a 380 | Sulphite
high-capacity separation column for such 360 -
situations (17,27). Independent of the
bicarbonate in the sample, the peaks
remained sharp and symmetric, with no signs
of column overloading. 280 -
Experimental: 260 ggms:z + 3.2 mg/kg Sulphite
Analysis Parameters for IC Measurement of 240 - ' - - - - - !
Water with High Carbonate Content: Column: 1 ? ’ ‘ ° ° ’ ¢
Metrosep A Supp 19 - 150/4.0, Metrosep
A Supp 19 Guard/4.0; eluent: 8.0 mmol/L Sulphite Determination via Two Methods =~ Commission in EU Regulation (EC) No
Na,CO,, 0.25 mmol/L NaHCQO,; eluent flow Food additives include preservatives, 1333/2008 (33,34).
rate: 0.70 mL/min; column temperature: 30 °C; flavouring and colouring agents, and Sulphite is primarily used in food to stabilize
injection volume: 40 pL; IC: 930 Compact IC emulsifiers (28,29). However, some are colour or flavour (35-37). It has been known
Flex Oven/Ses/PP/Deg, 858 IC Sample Processor;  considered harmful (29-32). Food additives to induce asthmatic or anaphylactic reactions,
detector: IC Conductivity Detector; software: are generally regulated, for example, by dermatitis, abdominal pain, and diarrhoea (35).
MagIC Net (all instruments are from Metrohm). CODEX alimentarius or by the European Acceptable daily intake (ADI) recommendations

reaching detection limits of around 0.2 mg/kg.

200 4

160 Sulphite

Current (nA)

120 -

0 1 2 3 4 5 6 7 8 9

Retention Time (min)

340 4
320 4

Current (nA)

300 4

o

Retention Time (min)
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for sulphite have been set by the European
Food and Safety Authority Panel at 0.7 mg/kg
body weight (38).

IC has been established as a routine method for
sulphite determination and a proven alternative to
high performance liquid chromatography (HPLC)
or the traditional Monier-Williams approach
(AOAC 990.28) (28,29,35).

Sulphite measurement in food is simple using
IC with conductivity detection. Figure 2 shows
an example of sulphite measured in a beer
sample using a high-capacity anion-exchange
column for the reasons explained in the
previous example. The sulphite peak was well
separated from all other components and was
accurately determined down to 10 mg/L.

Amperometric detection can reach far lower
detection limits (0.2 mg/kg sulphite). Sulphite
determination in alkaline food extracts (AOAC
990.31) has limitations for dark-coloured foods
(electrode fouling, manual polishing needed).
An innovative approach using DC mode and
a potential sweep (patent filed, EP3786628A1)
after every analysis can minimize manual
cleaning and increase analytical stability (39,40).

The alkaline eluents required for this method
limit the amount of eligible separation columns.
A high-capacity column that can withstand
pH values from 0 to 14 is well suited for this
application (Figure 3).

Experimental:
Analysis Parameters for Sulphite Determination
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Using Conductivity Detection: Column: Metrosep
A Supp 19 - 150/4.0, Metrosep A Supp 10 Guard
HC/4.0; eluent: 8.0 mmol/L Na,CO,, 0.25 mmol/L
NaHCO,; eluent flow rate: 0.75 mL/min; column
temperature: 45 °C; injection volume: 100 pL;
dilution: 1:20; IC: 930 Compact IC Flex Oven/
Ses/PP/Deg, 858 IC Sample Processor; detector:
IC conductivity detector; sample stabilization:

2% isopropanol; software: MaglC Net (ll
instruments are from Metrohm).

Analysis Parameters for Sulphite Determination
Using Amperometric Detection: Column:
Metrosep Carb 2 - 150/4.0, Metrosep Carb

2 Guard/4.0; eluent: 300 mmol/L NaOH,

300 mmol/L CH,COONa, CO_-free ultrapure
water; eluent flow rate: 0.5 mL/min;
temperature: 35 °C; injection volume: 3 pL;
dilution: 1:10; IC: 930 Compact IC Flex Oven/
Deg, 889 IC Sample Center — Cool; detector: IC
Amperometric Detector; Wall-Jet Cell; working
electrode: Au working electrode, 3 mm;
reference electrode: Ag/AgCl; potential: 300 mV
(DC mode), potential sweep after analysis
(39,40); sample stabilization: 1.00 mmol/L
CH,0O, 0.20 mmol/L NaOH; software: MagIC
Net (all instruments are from Metrohm).

Conclusion

High-capacity separation columns with the
appropriate selectivity are critical for successful
IC analysis of food and beverage samples.
The large number of ion-exchange groups

guarantees that the column is not overloaded
and that accurate results can be obtained.
Sample matrix effects are significantly reduced,
resulting in excellent repeatability of analyte
retention times.

Sample preparation, a necessity for food and
beverage samples, can be extremely tedious
and error-prone when performed manually.
Combining a high-capacity ion-exchange
column with dedicated and automated in-line
sample preparation tools (dialysis, filtration, or
dilution) establishes optimal analysis conditions,
producing more reliable results.
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