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Improvement on AOAC 2001.02: GOS analysis with IC-PAD

Application Note AN-P-087

In the past several years, interest has increased in
food  additives  and  dietary  supplements
i n c l u d i n g  p r e b i o t i c s  l i k e  β -
galactooligosaccharides (known as GOSs). The
GOSs  are  chains  of  galactose  units  with  an
optional  glucose  end  [1,2] .  They  show
bifidogenic effects, i.e. they support growth and
well-being of non-pathogenic gut bacteria [1].
Initially  discovered  as  major  constituents  of
colostrum  (present  up  to  12  g/L),  GOSs  are
added  as  a  prebiotic  supplement  to  infant
formulas to achieve similar beneficial effects.
Increasing  consumer  awareness  regarding
healthy  eating  habits  has  led  to  the  ongoing
growth  of  global  prebiotic  and  GOS  markets.

Similarly,  increased  demand  regarding  food
quality has led to stricter, more comprehensive
rules  for  food  labeling  and  safety  (e.g.,  EU
2015/2283).  The  determination  of  total  GOS
contents in food, supplements, or raw products
is thus essential to fulfill such requirements.
This Application Note presents an update to the
standard  AOAC  method  for  tota l  GOS
determination  in  foodstuffs.  With  the  same
principle (enzymatic hydrolysis of complex GOS
molecules followed by chromatographic analysis
of  simple  carbohydrates),  analytical  method
efficiency was improved in favor of laboratory
time and running costs.
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SAMPLE AND SAMPLE PREPARATION
Different  commercially  available  samples,  i.e.
GOS  powder  (Carbosyth  Ltd.),  Vivinal®  GOS
p o w d e r  ( F r i e s l a n d C a m p i n a ) ,  a n d  t h e
supplement Bimuno Daily (Clasado Biosciences)
[3], were extracted for 30 minutes at 80 °C in a
phosphate buffer solution as described in AOAC
2001.02.  The  extract  was  divided  into  two

aliquots  for  differential  analysis  of  glucose,
galactose, and lactose, both before (Assay 1) and
after  (Assay  2)  enzymatic  hydrolysis  with  the
enzyme β-galactosidase from Aspergillus oryzae
(Figure 1). Samples were centrifuged and diluted
in ultrapure water (UPW) before analysis.

Figure 1. Schematic for the determination of total GOS contents using ion chromatography coupled to pulsed amperometric
detection (IC-flexiPAD). Chromatography for anions in AOAC is referred as HPAEC (high performance anion exchange
chromatography) but is simplified here to the generic term of IC. The improved method uses the extract for measuring of the
initial glucose, galactose, and lactose concentrations (Assay 1). This was shown as equivalent to the AOAC step with the
deactivated enzyme [3], but reduces chemical expenses and additional manual work. The total GOS content is calculated from
the analyte concentrations in Assay 1 and Assay 2 (extract with the active enzyme). Graphic adapted from [2].
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EXPERIMENTAL 
Separation  of  galactose,  glucose,  and  lactose
was performed on a Metrosep Carb 2 - 250/4.0
separation  column  using  a  hydroxide  eluent
(Figure 2) within a recording time of 18 minutes.
For column clean-up, a post-recording acetate
High Pressure Gradient (HPG) was run within a
total  sample  runtime  of  approximately  30
minutes.  Signal  detection  occurred  with  an
amperometric  detector  (945  Professional
Detector Vario - Amperometry) equipped with a
Thin-Layer  cell  (Au working and Pd reference
electrode).  The  use  of  the  Thin-Layer  cell  in
combination  with  a  special  flexiPAD  (pulsed
amperometric  detection)  waveform exhibited
the  best  performance  for  the  GOS  analysis.
Compared to the standard PAD conditions this
setup  provided  an  increased  response  and
signal-to-noise ratio.
After manual sample preparation, Inline Dialysis

with the Low Volume dialysis cell  was used to
purify samples before injection into the IC. As a
fully  automated  step,  proteins  and  larger
molecules are removed from the sample matrix,
protecting  the  column  and  increasing  the
column lifetime.
Total  GOS  contents  were  calculated  after
automatic  data  evaluation  (MagIC  Net  3.3
software)  according  to  AOAC.  In  short,  the
difference  of  galactose  and glucose  between
Assay 1 and Assay 2 was determined (Figure 2),
corrected by initial lactose and finally adjusted to
a sample weight of 100 g.
Over  the  course  to  adapt  and  advance  the
standard AOAC method, different variables were
tested  and  finally  validated  according  to
common standards. All details are given in the
open access article Ziegler et al. [3].

Figure 2 Overlay (with offset) of the extract from the sample Bimuno (Assay 1, dilution factor (DF) 20 in UPW, orange) with the
extract treated with β-galactosidase (Assay 2, DF 250 in UPW, purple). Due to hydrolysis of GOSs, i.e. breakdown of the
galactose-galactose and galactose-glucose linkages, the concentrations of galactose and glucose in Assay 2 significantly exceed
those in Assay 1. A higher DF guarantees the proper quantification within the given calibration. Chromatographic conditions
are summarized on the left. As a Metrohm Inline Sample Preparation step, Inline Dialysis was used for additional sample
cleanup, improving system performance and column lifetime.
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RESULTS

 

CONCLUSION

Total  GOS  contents  of  the  different  samples
ranged from 28–83 g/100 g with a variability of
up  to  5%  for  measurements  of  individual
replicates over several days. A higher variability
of 6–10% was shown for infant formulas (data
not shown). The higher lactose contents in such
matrices results in increased uncertainties for the
total GOS determination [3].

Overall, the satisfying variability, target and spike
recoveries  (Table  1) ,  together  with  the
interference  tests  [2],  proved  the  method  as
valuable  and  robust.  With  limits  of  detection
(LODs) (DIN 32645) of 0.1 mg/L (galactose) and
0.2 mg/L (glucose, lactose) in solution, even low
total GOS contents can be determined with high
precision.

Table 1. Total GOS contents determined with the modified AOAC 2001.02 method for the commercially available samples GOS
powder, Bimuno daily supplement, and Vivinal® powder. These samples were individually prepared and analyzed in duplicate
over several days (n). The calculated RSD is a measure of the variability of the total GOS contents for the different samples.
Recoveries were calculated for target reference values and from spikes with the GOS powder (reference material) showing the
method precision and robustness.

Sampl
e

Total GOS
(n) (g/100

g)

Variability over
n days (RSD in

%)

Total GOS
target

(g/100 g)

Target
recovery
(%)

AVG Spike 1
(g/100 g)

(Recovery %)

AVG Spike 2
(g/100 g)

(Recovery %)

GOS
Powd
er

82.6 ±
4.1 (n = 7)

5.0 >70 n.a. n.a. n.a.

Bimu
no

75.7 ±
3.0 (n = 7)

3.9 79.7 95
36.8 ± 1.4

(98%)
88.4 ± 12.7

(96%)

Vivina
l
Powd
er

27.8 ±
0.5 (n = 4)

1.8 28.5 98
37.8 ± 0.1

(91%)
48.6 ± 0.1

(91%)

A s  a  m u l t i c o m p o n e n t  m e t h o d ,  i o n
chromatography with amperometric detection is
a  very  selective,  sensitive,  and robust  analysis
method  for  carbohydrates  without  any
additional derivatization steps. In combination
with enzymatic treatment, even more complex
carbohydrates can be quantified. The advanced
and validated IC-flexiPAD method for total GOS
analysis  benefits  analysts  with  enhanced
efficiency.  Through major sample preparation

improvements, the overall procedure is not only
faster by reducing additional lab work, but also
reagents  and  consumables  can  be  saved,
lowering the total running costs. This makes it a
valuable alternative to AOAC Official  Method
2001.02.
Additional  automation  steps  (e.g.,  Metrohm
Inline Dilution and automatic calibrations) can
further improve the method efficiency.
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CONFIGURATION

940 Professional IC Vario ONE/HPG
940 フロフェッショナル IC Vario ONE/HPG はハ
イナリー高圧クラシエントを備えたサフレッション
の無しのインテリシェントコンハクトIC装置てす。
942 拡張モシュール を使用することてクオーター
クラシエントシステムにまて拡張することかてきま
す。この装置は任意の分離メソットおよひ検出メソ
ットによって使用することかてきます。
典型的な使用領域:
- クラシエント溶離法後のハルスタイフのアンヘロ
メトリック検出器による炭水化物分析
- ホストカラム法を使用する、もしくは使用しない
UV/VIS検出器によるクラシエント使用
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IC Amperometric Detector
インテリシェントIC装置のためのコンハクトかつイ
ンテリシェントなアンヘロメトリック検出器。4つ
の測定モート(DC、PAD、flexIPAD、CV)による優
れた選択性、卓越した信号・騒音比、非常に高速の
測定待機機能か高精度の測定てきます。

Metrosep Carb 2 - 250/4.0
ICカラムMetrosep Carb 2 - 250/4.0は、アルカリ
性溶離液およひハルスアンヘロメトリー検出を用い
た炭水化物の測定に特に適しています。大容量の陰
イオン交換カラムは、スチロール/シヒニルヘンセ
ン共重合体をヘースとしています。これはpH  =
0~14の範囲て安定しており、単糖類およひ二糖類
を分離します。さらに、数種の糖アルコール、無水
糖 、 ア ミ ノ 糖 な と の 分 析 に も 適 し て い ま す 。
Metrosep Carb 2分離カラムの250mmのハーショ
ンは、複雑な分離のために最適化されています。

858 Professional Sample Processor – Pump
858 フロフェッショナルサンフルフロセッサ - ホン
フは、500 μLから500 mLまてのサンフルを処理し
ます。サンフルは内蔵式双方向性の2チャンネルの
ヘリスタリックホンフまたは800 トシーノ電動ヒュ
レットによって転送されます。
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MagIC Net 4.0 Professional: 1
すへてのインテリシェントなProfessional ICシステ
ム、コンハクトなIC装置とそれらの周辺機器、すへ
て の 検 出 器 と 様 々 な オ ー ト サ ン フ ラ ー 、 8 0 0
Dosino、771 Compact Interfaceなとのコントロ
ールのためのフロフェッショナルなPCフロクラム。
このソフトウェアにより、イオンクロマトクラフィ
ー分析のチェック、テータ記録、評価・モニタリン
クとレホートの作成か可能となります。
ルーチンオヘレーションのためのクラフィック ユー
サーインターフェース、広範なテータヘース フロク
ラム、メソット開発、コンフィクレーションならひ
に手動のシステム制御; 非常にフレキシフルなユー
サー管理、高性能なテータヘース オヘレーション、
広範なテータエクスホート機能、独自設定可能なレ
ホート作成機能、全システム コンホーネントおよひ
クロマトクラフィー結果のコントロールおよひモニ
タリンク。
MagIC Net  ProfessionalはFDA規定21 CFR Part
11およひGLPに完全に準拠しています。
MagIC Net は16のタイアロク言語て使用可能てす:
トイツ語、英語、中国語 (繁体、簡体)、フランス語
、イタリア語、スヘイン語、ホルトカル語、フルカ
リア語、チェコ語、ハンカリー語、日本語、韓国語
、ロシア語、スロハキア語、ホーラント語
1ライセンス
インストールファイルと文書は 1 つの USB スティ
ックに保存され、納品されます。
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