
Quality control of sugarcane juice
 

Multiparameter determination within one minute using
NIRS

Application Note AN-NIR-110

Sugarcane (Saccharum spp.) is a very important
crop for the global economy. It is often used as a
raw  material  for  the  production  of  sugar,
alcohol,  yeast,  and more. Brix (°Brix),  Pol (%),
juice purity (%), reducing sugars (%), and total
recoverable sugars (Kg t-1) are some of the many
quality  control  (QC)  parameters  that  must  be
analyzed in sugarcane juice.
Numerous methods based on several analytical

techniques  are  available  for  sugarcane  juice
quality  control.  These  methods  can  be  quite
time-consuming  since  sample  treatment  is  a
prerequisite. A quicker alternative to these other
methods  is  near-infrared spectroscopy (NIRS).
NIRS allows the simultaneous determination of
several  QC constituents,  without chemicals  or
sample preparation, in less than one minute.
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EXPERIMENTAL EQUIPMENT

 

Sugarcane  juice  was  analyzed  by  NIRS,  and  a
total of 100 spectra were collected to create a
prediction model  for  quantification of several
QC parameters. All samples were measured with
a  Metrohm  NIRS  DS2500  Liquid  Analyzer
(400–2500  nm)  in  transmission  mode  with  a

DS2500 Holder Flow Cell (Figure 1). A flow cell
with 1 mm pathlength was used in this  study.
This flow cell was filled via peristaltic pump. The
Vision  Air  Complete  software  package  from
Metrohm was used for all data acquisition and
prediction model development.

Table 1. Hardware and software equipment overview.

Equipment Article number

DS2500 Liquid Analyzer 2.929.0010

DS2500 Holder Flow cell 6.7493.000

NIRS quartz cuvette flow 1 mm 6.7401.310

Vision Air 2.0 Complete 6.6072.208
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RESULT

Figure 1. Metrohm NIRS DS2500 Liquid Analyzer and DS2500  Holder Flow Cell used for the fast determination of several QC
parameters in sugarcane juice.

The  obtained  Vis-NIR  spectra  (Figure  2)  were
used  to  create  a  predict ion  model  for
quantification  of  Brix  (°Brix),  Pol  (%),  juice
purity  (%),  reducing  sugars  (%),  and  total
recoverable sugars  (Kg t-1).  The quality  of  the
predict ion  model  was  evaluated  us ing

correlation diagrams which display a very high
correlation between the Vis-NIR prediction and
the reference values. The respective figures of
merit (FOM) display the expected precision of a
prediction during routine analysis (Figures 3–8).
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Figure 2. Selection of Vis-NIR spectra of sugarcane juice samples analyzed on a DS2500 Liquid Analyzer with a 1 mm
pathlength flow cell.

Figure 3. Correlation diagram and the respective FOMs for the prediction of Brix in sugarcane juice using a DS2500 Liquid
Analyzer.  Laboratory values were evaluated using a refractometer.

Figures of Merit Value

R2 0.9875

Standard Error of Calibration 0.1323 (°Brix)
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Standard Error of Cross-Validation 0.1467 (°Brix)

Standard Error of Validation 0.138 (°Brix)

Figure 4. Correlation diagram and the respective FOMs for the prediction of Pol in sugarcane juice using a DS2500 Liquid
Analyzer.  Laboratory values were calculated from the sucrose reading, Brix, and a few constants.

Figures of Merit Value

R2 0.9833

Standard Error of Calibration 0.1506%

Standard Error of Cross-Validation 0.1851%

Standard Error of Validation 0.1388%
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Figure 5. Correlation diagram and the respective FOMs for the prediction of sugarcane juice purity using a DS2500 Liquid
Analyzer.  Laboratory values were calculated using the results from Pol and Brix determinations: Purity = 100 × (Pol/Brix).

Figures of Merit Value

R2 0.8194

Standard Error of Calibration 0.7202%

Standard Error of Cross-Validation 0.7596%

Standard Error of Validation 0.564%
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Figure 6. Correlation diagram and the respective FOMs for the prediction of reducing sugars in sugarcane juice using a DS2500
Liquid  Analyzer. Laboratory values were measured with ion chromatography (IC).

Figures of Merit Value

R2 0.6497

Standard Error of Calibration 0.0263%

Standard Error of Cross-Validation 0.0291%

Standard Error of Validation 0.0249%
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Figure 7. Correlation diagram and the respective FOMs for the prediction of sucrose reading in sugarcane juice using a DS2500
Liquid  Analyzer. Laboratory values were evaluated with a polarimeter.

Figures of Merit Value

R2 0.9911

Standard Error of Calibration 0.5388%

Standard Error of Cross-Validation 0.6604%

Standard Error of Validation 0.497%
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CONCLUSION

Figure 8. Correlation diagram and the respective FOMs for the prediction of total recoverable sugars in sugarcane juice using a
DS2500  Liquid Analyzer. Laboratory values were evaluated using Pol and reducing sugars values: TRS = (9.5263 × Pol) – (9.05 ×
RS).

Figures of Merit Value

R2 0.9463

Standard Error of Calibration 2.2985%

Standard Error of Cross-Validation 2.5118%

Standard Error of Validation 1.9074%

This  Application  Note  demonstrates  the
feasibility  to  determine  Brix,  Pol,  juice  purity,
reducing sugars, and total recoverable sugars in
sugarcane juice with NIR spectroscopy. Vis-NIR

spectroscopy enables a fast and highly accurate
alternative to other standard methods (Table 2).
No sample preparation is required, and results
are delivered in less than a minute.
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Table 2. Time to result overview for the different quality control parameters typically measured in sugarcane juice.

Parameter Method Time to result

Brix Refractometer ∼1 min

Pol
Calculated from Pol and Brix, as
well as the application of a few
constants

∼10 min sample preparation (clarification &
filtration) + ∼1 min polarimeter + ∼1 min
refractometer

Purity Calculated from Pol and Brix Purity = 100 × (Pol/Brix)

Reducing
sugars (RS)

Ion Chromatography
10 min sample preparation (clarification &
filtration) + ∼40 min IC

Sucrose
reading

Polarimeter
∼10 min sample preparation (clarification &
filtration) + ∼1 min polarimeter

Total
recoverable
sugars (TRS)

Calculated from Pol and reducing
sugars

TRS = (9.5263 × Pol) – (9.05 × RS)

Internal reference: AW NIR CH-0073-042023

CONTACT

メトロームジャパン株式会
社
143-0006 東京都大田区平
和島6-1-1
null 東京流通センター アネ
ックス9階

metrohm.jp@metrohm.jp
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CONFIGURATION

DS2500 Liquid Analyzer
ラホおよひ生産環境における品質管理用の堅牢な近
赤外分光法。

NIRS DS2500 Liquid Analyzerは、生産チェーン全
体に沿った液体のルーチン分析に実績のあるフレキ
シフルなソリューションてす。頑丈な仕様により、
NIRS DS2500 Liquid Analyzerは粉塵、湿気、およ
ひ振動に強い為、過酷な生産環境ての使用に理想的
てす。

DS2500 Liquid Analyzer は400∼2500 nmのスヘ
クトル範囲全体をカハーし、サンフルを80°Cまて
加熱し、様々な使い捨てハイアルやクオーツキュヘ
ットとの互換性を有します。このようにして個々の
サ ン フ ル 要 件 に 対 応 し 得 る D S 2 5 0 0  L i q u i d
Analyzerは、1分未満て正確かつ再現性ある結果を
得られるようサホートします。さらに一体型のサン
フルホルタ検出、およひ説明不要のVision Airソフ
トウェアを用いることて、ユーサーか簡単かつ安全
に操作てきることか保証されます。

サンフル量か多い場合、Metrohmサンフルロホッ
トと組み合わされたフローセルの導入によって、生
産性を著しく向上させることかてきます。
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