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Abstract 

Fourier Transform mid-Infrared Spectroscopy (FT-MIR) shared with multivariate statistics was applied for the quantitative 

analysis of total sugar in 9 processed commercial fruit juices. PLSR (Partial least-squares regression) was used to generate 

calibration models that were cross-validated. As an analytical technique, the suitability of FTIR in mid-range (4000-1cm-400-

1cm) is investigates in this work. For calibrations of the sugar content in apple juice, matrix methods are used, in the range 

defined for apple juice in juice industry. Refractometer is used as a reference technique, which provides the validation of the 

FTIR results. FTIR is used for analyzing the results obtained from reference method in this word, as a non-destructive and fast 

technique.   
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I. INTRODUCTION 

Consumer’s increasing demand has been observed for premium quality fruit with better taste at a higher price. Three major 

parameters treatable acidity hardness and sugar content determine the internal quality and the taste of apples [1]-[3]. 

Evaluation of fruit juice quality and authenticity is a significant applied research area, with relevant impact in food science, 

industry and consumer safety [4]. Rapid and cost effective approaches of sugar determination in fruit juices are of extraordinary 

significance, since unscrupulous companies, manufacturers or traders seek substantial benefits using adulterated juices to 

increase market advantages over authentic competitors, using cheaper ingredients (fruit juices, syrups and sugar) and/or wrong 

label indications for consumers [5].  

Among other compounds form the apple juices, sugars are vital not only for their nutritive value; meanwhile, their presence 

can be assessed for adulteration detection carried out by adding high fructose corn syrup, sucrose, cane medium invert syrup or 

beet medium invert syrup to apple juice [6]-[8]. 

Several analytical methods have been developed for recognition and quantification of adulteration and authentication of food 

harvests, such as mass spectrometry using new kind of ion source, direct analysis in real time nuclear magnetic resonance 

(NMR) spectroscopy,  infrared spectroscopy, fluorescence, Raman spectroscopy, gas chromatography, high performance liquid 

chromatography (LC) and differential scanning calorimetry[8]-[10]. 

Some of these methods are expensive, time consuming, commonly destructive of the sample or sample material, and require a 

high degree of technical information when interpreting the data. Optical spectroscopy methods have the prospective to substitute 

or at least balance some of the classical laboratory approaches [11]. 

Recent advances in Fourier transform mid infrared (FT-MIR) spectroscopic instrument and multivariate data analysis methods 

have had noteworthy impact on the determination of food composition [12], [14]. FT-MIR improves spectra reproducibility and 

wavenumber precision by which the effects of solvent interference can be reduced [13]. 

In the present study, FTIR spectroscopy with Partial Least Square regression, as multicomponent analysis method is used in 

order to quantify instantaneously the total sugar content in 9 samples of pure, genuine and commercial juices, comparatively. 

II. MATERIALS AND METHODS 

 Sample Preparation 

Commercially available apple juices were used as sample materials, which are easily available in market. Samples were 

maintained at 4oC temperature. The samples were used at room temperature. They modeled no chemical contact threats and no 

treacherous wastes were formed. Each sample material was purchased twice from two different markets so that the sugar content 

of the same trademark or category could be analyzed. 

 Reference Measurement 

For the classical measurement ERMA REF-103 Hand-held Refractometer was used. The total sugar in juice was measured using 

refractometer in oBrix. The refractive index of the refractometer showed the sugar content with automatic temperature reimburse. 



Sugar Analysis in Apple Juice by FTIR Spectroscopy with PLS Regression  
(IJSTE/ Volume 2 / Issue 12 / 074) 

 

 All rights reserved by www.ijste.org 
 

414 

This refractometer can measure 0-32oBrix. The oBrix values of all the samples measured by refractometer fluctuated between 10 

to 15.5 oBrix. 

 Spectral Measurements 

FTIR was used for spectral measurement. The mid-IR (MIR) absorbance spectra were recorded using a FTIR working at room 

temperature. As reference, the background spectrum of KBr was collected. The juice samples were measured without any 

preparation, directly on the KBr pellet. The FTIR parameters value is as shown in table 1. 
Table – 1 

The experimental setup for FTIR 

Parameters Value 

Spectral range (cm−1) 4000~400 

Sampling interval (cm−1) 2.0 

Scan number (times) 128 

Resolution (cm−1) 4 

Mirror velocity (cm/s) 2.8 

Aperture size (μm) 16 

 Chemometrics and Data Analysis 

The Unscrambler software for quantitative analysis was applied for the PLS routine analysis. The spectra were smoothed, by 

averaging 4 point right side and left side. The sugar fingerprint region in the spectral range 885-1900 cm-1 was used for 

calibration and prediction. The established calibration models were first cross-validated in all cases to reduce the risk of over 

fitting and then used for testing or validation with the juice sample FTIR data. 

III. RESULTS AND DISCUSSION 

 Spectral Features 

The spectra for the total sugar content of different apple juice are shown in Fig. 1. It may be found that the intensities of 

absorbance vary considerably with concentration. This endorsed the assumption that the amount of total sugar could be 

quantified. The concentrations of the 9 samples from the calibration set were predicted using the prediction equation accordingly 

established. The regression model developed here gives total sugar contents values that are nearby to the references values. The 

plots of the predicted concentrations compared to measured concentration for the 9 juice solutions are illustrated in Fig. 2. 

 
Fig. 1: FTIR spectrum of total sugar content in different apple juice 
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Fig. 2: Prediction of sugar concentrations: reference concentrations vs. predicted concentrations 

IV. CONCLUSIONS 

This research revealed that it is possible to develop a non-destructive technique for measuring sugar content in apple juice using 

FT-MIR spectroscopy. 

Overall, the present results suggest that FTIR spectroscopy, in combination with multivariate statistics, represents a rapid, 

reliable and cost-effective tool for routine monitoring of multiple elements in fruit juices, as quality indicators. 

In conclusion, the results of this work mention FT-MIR spectroscopy as a potential analytical rapid, economic and non-

destructive tool to determine the quality attributes of apple juice. 
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