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a b s t r a c t

Moisture content determination on quinoa flour is actually performed by gravimetric analysis, which is
time, energy consuming and sample destructive. An emerging technique to measure moisture in an
innovative way avoiding those problems is the Fourier transform infrared (FTIR) spectroscopy. The aim of
this study is to obtain a trustable and validated model to predict moisture content of quinoa flour using
FTIR. To perform the moisture measurements in five quinoa ecotypes, a gravimetric data and area under
the curve obtained by FTIR, considering the eOH peak associated to water (3200 cm�1), were compared
at five different relative humidities (0, 33, 58, 75 and 100%). A good correlation between gravimetric
measurements and FTIR area were observed (R2 ¼ 0.8729) and no differences were observed between
quinoa ecotypes. A cross validation technique to predict moisture considering experimental and pre-
dicted data by area under de curve by FTIR was performed obtaining a general equation
(y ¼ 35.73x þ 46.04) with a high repetitively and good prediction (100%) of the tested models.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Quinoa (Chenopodium quinoa Willd.) is a dicotyledonous pseu-
docereal, native to the Andean regions of South America (Bhargava
et al., 2006). Due to its high nutritional quality, quinoa is generally
regarded as an extremely healthy food (Valencia-Chamorro, 2003;
Bhargava et al., 2006) making it ideal as a supplement for utiliza-
tion in the food industry. Quinoa flour has been mixed with other
flour at different levels (13e60%) (Valencia-Chamorro, 2003) in
order to supplement protein deficient flour (Bhargava et al., 2006).

An important parameter used for quality assessment of flours in
industry is the moisture content, due to its relevance in microbio-
logical stability, food safety but also in terms of commercial value
(Rahman and Labuza, 2007).

Several analytical techniques commonly used to determine the
moisture content in foods are based on gravimetric determinations
(e.g. at 105 �C for 5e24 h, AOAC, 2000). However, this technique

requires long periods of time and high energy consumption. An
emerging alternative technique is related to the use of Fourier
Transform Infrared Spectroscopy (FTIR), which is a rapid and
nondestructivemethod that can detect functional groups of specific
molecules. This method has been used to determine chemical
constituents of beans (Holse et al., 2011), wheat bran (Hell et al.,
2016) and quinoa grains (Ferreira et al., 2015). In addition, the
moisture content of other food products has been analyzed, such as
palm crude oil (Che Man and Mirghani, 2000), cocoa powder
(Vesel�a et al., 2007) and high fat products (mayonnaise, peanut
butter) (van de Voort et al., 1993). However, literature does not
provide information about determining the moisture content in
quinoa flour and no statistical model has been proposed for its
prediction using this technique. Therefore, the objective of this
work is to determine the moisture content of different quinoa
ecotypes using FTIR and to compare this data with the AOAC
standardmethods, in order to build a trustable and validatedmodel
for its prediction without the need of gravimetric experimental
protocols.

2. Material and methods

Ecotypes from Peru, Bolivia, and Chile (northern, central and
southern location) were evaluated. In order to eliminate
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saponins, quinoa grains were washed and dried in an oven at
30 �C for 24 h, resulting in moisture contents lower than 10%
dry weight basis (d.w.b). Then, grains were milled (Fagor,
ML2006�) to obtain quinoa flour with a particle size lower than
500 mm.

FTIR capsules (~4 mm diameter x 3 mm height) of quinoa flours
(~100 mg) were shaped using a press (Perkin Elmer, USA). In order
to achieve different moisture contents, the capsules (in triplicate)
were put into hermetic desiccators at 20 �C (Incubator FOC225,
Velp Sci, Italy) for 10 days with saturated salt solutions in the range
of 0e100% (Greenspan, 1977); dried silica gel (RH 0%); MgCl (RH
33%), MgNi (RH 58%), NaCl (RH 75%) and distilled water (RH 100%).
Thyme sachets were included for RH at 75% and 100% RH in order to
avoid fungal growth. Equilibrium was achieved when variation in
weight was not detected by measuring consecutively with an
analytical balance (Shimadzu AUX120, USA).

FTIR spectra were recorded on a spectrometer equipped with a
Universal Attenuated Reflection Unit (ATR) (Spectrum Two, Perkin
Elmer, USA). The capsules were directly placed over ATR crystal at
constant pressure. For each spectrum, in absorbancemode,16 scans
from 4000 cm�1 to 300 cm�1 at a resolution of 4 cm�1 were
accumulated and averaged. Spectral analysis was performed using
the Spectrum Software v.10.04.02. The spectral region between
3000 and 3600 cm�1, corresponding to the eOH stretching

vibration was selected for analysis (Barth, 2007). After baseline
correction, the intensity of the peak was measured as the area
under the curve obtained by integration. No significant variation of
sample weights was observed before and after measurements,
indicating no variation on moisture content by atmospheric con-
ditions, considering the short time (30s) required for
measurements.

For gravimetric measurements, moisture content was per-
formed according to AOAC (2000) in a drying oven with forced air
circulation (Wiseven Daihan WOF-105, Korea) at 105 �C until
constant weight (30 h). Results were calculated as dry weight basis
(d.w.b).

All experiments were done in triplicate.
Statistical differences of the data within groups and between

groups were compared by ANOVA and by Student's t-test using
GraphPad Prism v.4.0 program (GradPad Systems Inc.). Statistical
significances were expressed at the P < 0.05.

A cross-validation technique was used to evaluate pattern pre-
dicted values by using training and testing matrices, in order to
obtain a robust and accuratemathematic descriptor as described by
Che Man and Mirghani (2000) and Matiacevich et al. (2012). To
achieve this, some of the collected samples were removed to
become the training set. The total data (N ¼ 65) was divided into F
(¼5) folds randomly. Each group contains N/F (¼13) samples. Then,

Fig. 1. Diagram of cross-validation procedure. N is the total number of data, F is the number of groups and K is the quantity of data of each group.

Fig. 2. Quinoa flour spectra by using ATR-FTIR Spectroscopy at different relative humidities, as example at 0, 75 and 100% of relative humidities (RH).
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