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Abstract. The rapid pace of change in the wine industry calls for fast methods providing real time
information in order to assure the quality of the final product. NIR and MIR spectroscopy combined
with sensory-instrumental methods (electronic nose and electronic tongue) can provide an ideal
solution to monitor molecular and sensory changes in wine during alcoholic fermentation. The
objective of this work was to investigate the potential of NIR and MIR spectroscopy, electronic nose
and electronic tongue associated with chemometric data analysis, to monitor time-related changes
that occur during red wine fermentation. Twenty-three micro-fermentation trials were conducted
during the 2008-2009 vintages in Valtellina viticultural area (Northern Italy). During fermentation, at
each sampling time, spectra were collected by FT-NIR and FT-IR spectrometers and samples were
analysed by electronic nose and electronic tongue. Chemical analyses were performed to evaluate
sugar, phenolic compounds, ethanol and glycerol concentrations. Various multivariate statistical
methods were applied in order to obtain regression and classification models. Results showed that
FT-NIR and FT-IR spectroscopy can provide good regression PLS models to predict the main
chemical parameters involved in alcoholic fermentation. Classification techniques (LDA, QDA,
genetic algorithms) were applied to electronic nose, electronic tongue and spectral data, obtaining
sample classification based on fermentation stages.

Keywords. FT-NIR, FT-IR spectroscopy, electronic nose, electronic tongue, wine fermentation,
regression and classification models.
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Introduction

Wine fermentation monitoring is a growing need which calls for fast and non-destructive
methods providing real-time information in order to assure an effective control at all stages of
the process. One of the most promising directions for the development of new methods is the
application of sensor systems, whose speed and on-line capabilities meet the demand of
automation and continuous process control. Electronic nose and electronic tongue are
technological attempts to mimic human senses. Both devices consist of chemical sensor arrays,
coupled with an appropriate pattern recognition system able to interpret complex signals from
such sensors and produce a fingerprint of the product. The electronic nose consists of an array
of gas sensors with different selectivity (Peris & Escuder-Gilabert, 2010). The electronic tongue
is a device based on sensor arrays able to recognize tastes (Kobayashi, Habara, lkezazki,
Chen, Naito & Toko, 2010) or to give information about groups of substances present in
complex liquid systems (Escuder-Gilabert & Peris, 2010).

Infrared spectroscopy, in both near and mid regions, represents a fast and non-destructive
method, which is alternative to conventional chemical analyses for in-time monitoring of various
products and processes. Absorption in these spectral ranges can be related to the main
chemical components of food, such as proteins, carbohydrates, fats and water. Infrared
spectroscopic techniques have already been employed in many applications, both in the
laboratory and in on-line control in industrial plants (Fagan & OODonnell 2008; Woodcock,
Downey & OODonnell2008).

The objective of this work was to apply IR spectroscopy, electronic nose and electronic
tongue, combined with multivariate statistical methods, to monitor time-related changes
occurring during red wine fermentation, in order to classify samples on the basis of their
fermentation stage and to predict chemical parameters.

All these techniques represent a valid alternative to usual destructive analytical methods for
their rapidity and simplicity. Furthermore, they are advantageous in terms of environment
protection and safety, since no chemicals are needed and no hazards are associated with this
kind of determinations.

Materials and methods

Twenty-three micro-fermentation trials were conducted during the 2008 and 2009 vintages in
Valtellina viticultural area (Northern ltaly) using grapes Nebbiolo, ecotype Chiavennasca. The
fermentation trials were carried out at controlled temperature (19+£2 jC), using active dry yeast
inoculum (S. cerevisiae). For each trial, samplings were performed at subsequent times during
fermentation and samples were named considering the day of fermentation.

The determination of glucose, fructose, ethanol, glycerol, total phenols, total anthocyanins
and total flavonoids was carried out to follow the evolution of the chemical parameters during
must-wine fermentation, as described by Di Egidio, Sinelli, Giovanelli, Moles & Casiraghi (2010).

NIR spectral data were collected in transmission mode using a flow cell of 1 mm path length
with a Fourier Transform (FT)-NIR spectrometer (MPA, Bruker Optics, Ettlingen, Germany). The
spectral data were collected over the range 12500 to 3600 cm™ (resolution, 8 cm™; scanner
velocity, 10 kHz; background, 16 scans; sample, 16 scans).

FT-IR measurements were performed with a spectrometer (VERTEX 70, Bruker Optics,
Ettlingen, Germany) equipped with a deuterated triglycine sulfate (DTGS) detector. The spectral
data were collected over the range 4000 to 700 cm? (resolution, 16 cm™; scanner velocity, 7.5
kHz; background, 32 scans; sample, 32 scans). The samples were positioned on a germanium
crystal ATR (Attenuated Total Reflectance) with multiple reflection. Opus software (v. 6.5,
Bruker Optics, Ettlingen, Germany) was used for spectral acquisition, instrument control and
preliminary data processing.



Electronic nose measurements were performed with PEN2 (Win Muster Airsense Analytics
Inc., Germany), operating with the Enrichment and Desorbtion Unit (EDU). The electronic nose
and EDU working procedure was the same reported by Buratti, Benedetti, Scampicchio &
Pangerod (2004).

Electronic tongue measurements were performed with the Taste-Sensing System SA 402B
(Intelligent Sensor Technology Co., Ltd., Japan). The detecting part of the system consists of
sensors whose surface is combined with artificial lipid membranes having different response
properties to chemical substances on the basis of their taste. In this work five detecting sensors
were used, specific for the evaluation of saltiness, sourness, bitterness and aftertaste bitterness,
astringency and aftertaste astringency. The Otaste valuesO were calculated by multiplying sensor
outputs for appropriate coefficients based on Weber-Fechner law, which gives the intensity of
sensation considering the sensor properties for tastes (Kobayashi et al., 2010).

Principal Component Analysis (PCA) (Beebe, Pell & Seasholtz, 1998) was applied to
spectral, electronic nose and electronic tongue data. Before performing PCA calculation, the
NIR spectral data were standardized by Standard Normal Variate (SNV), while the MIR spectral
data were standardized by SNV and transformed into first derivative (SavitzkybGolay method,
gap size = 15 data points). All spectral data sets were also mean-centered. For spectroscopic
analysis, PCA was performed over the ranges 8836-5349 cm™, 4902- 4177 cm™ in the near
region and in the range 3992 B 2495 cm™, 1971 833 cm™ in the medium region.

The classification models were developed by Linear and Quadratic Discriminant Analysis
(LDA and QDA) (McLachlan, 1992). When dealing with MIR and NIR spectra, Discriminant
Analysis was calculated on the scores derived by Principal Component Analysis. Genetic
Algorithms (GA) were applied to select subsets of spectral ranges, electronic nose and
electronic tongue variables that maximized the predictive power of classification models (Leardi
& Lupianez, 1998). Models were calculated with ad-hoc MATLAB routines.

The spectral data were correlated with chemical parameters by Partial Least Squares (PLS)
regression algorithm. To evaluate the calibration performance, the coefficient of correlation (r.,)
and the root mean square error in cross-validation (RMSECV) were computed (Williams &
Norris, 2002). The regression models were built using The Unscrambler software (v. 9.7, Camo,
Inondhcim, Norway).

Results and discussion

The data collected by spectroscopic techniques, electronic nose and electronic tongue were
processed by PCA as an explanatory tool in order to uncover molecular, aroma and taste
modifications during the fermentation process. NIR and MIR spectroscopy was applied to
investigate molecular changes and the PCA-score plots showed a satisfactory distribution of the
samples in the area defined by the first two principal components according to the fermentation
time, for each micro-fermentation trial (figure not shown). The intensity loadings put in evidence
that the main wavenumbers responsible of the separation of the samples were associated with
the combination band of C-H (4454-4250 cm™) related to carbohydrates in the near region, and
with the C-O and C-C bonds (1087-1045 cm™) of ethanol and carbohydrates in the medium
region (Workman & Weyer, 2008).

Electronic tongue and electronic nose were applied to evaluate the evolution of taste and
aroma profiles during fermentation. Figure 1 shows the PCA bi-plot of electronic tongue (a) and
electronic nose (b) data. The taste evolution (Fig. 1a) was evident along the first principal
component; must-wine samples were distributed from right to left according to the fermentation
time. At the beginning of the process the t0 sample was characterized by a poor taste; during
fermentation (t5-t6) the taste evolved and samples were discriminated by the aftertaste
astringency. At the end of fermentation (t10-t14), wine samples were perceived as more bitter
and astringent and were also characterized by saltiness and sourness.



The biplot of electronic nose data (Fig. 1b) shows that must-wine samples were distributed
along PC1 and PC2 according to fermentation time and the main fermentation stages were
evidenced.
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Figure 1. Principal Component Analysis on electronic tongue (a) and electronic nose (b) data:
bi-plot of a micro-fermentation trial in the plane defined by the first two principal components.

For the classification analysis, all the samples collected during the 2009 micro-fermentation
trials were divided into three stages on the basis of metabolite concentrations: class 1-
beginning of fermentation, class 2- high rate of fermentation, class 3- end of fermentation.
Linear Discriminant Analysis (LDA) and Quadratic Discriminant Analysis (QDA) were applied to
spectral data and to electronic nose and tongue data in order to distinguish the three
fermentation stages. LDA and QDA were carried out on the entire set of variables and on
optimal subsets of variables selected by means of Genetic Algorithms. Classification models
were evaluated on the basis of the percentage of correctly classified samples (NER%) in fitting
and in cross validation with 10 evaluation groups.

Table 1 reports the characteristics of the classification models. For each technigue the model
with the highest values of NER% in cross validation (evidenced in bold type) was selected as
the best. The variables involved in each model are also reported in the table.

For NIR and MIR spectroscopy, QDA models are characterized by a high percentage of
correct classification in validation (93% and 91%, respectively) showing that the spectroscopic
techniques are able to predict the fermentation stages in agreement with the evolution of
chemical parameters. In both NIR and MIR regions, the wavenumbers selected are associated
with the absorption bands of the most important compounds of grapes and wine. In particular,
the principal wavenumbers selected in the NIR region are in the ranges 5940-5900 cm™ and
4485-4219 cm™, where the absorptions bands of C-H and C=0 are located (first overtone and
combination bands of stretching vibration). In the MIR region, the main ranges selected (2990-
2970 cm™, 1390-1370 cm™, 1250-1170 cm™) correspond to the absorption bands of C-H, C=0
and C-C/C-O stretching vibration (Fagan & OODonnell2008). The LDA model selected for the
electronic tongue has an acceptable accuracy (84% of correct classification in validation),
showing that the taste is an important parameter to define the state of the fermentation process
and the quality of the final product. Furthermore, the model is only composed of two variables,
astringency and bitterness, useful to predict in a rapid and simple way the fermentation stage of
must-wine samples and to give important information about the taste evolution. The QDA model
selected for the electronic nose had the lowest percentage of correct classification (76%); this
technique is probably the least suitable to predict the fermentation stages even if it gives
important information about the evolution of the aroma profile and consequently about the
guality of wine.



Table 1. Characteristics of the classification models.

Applied Models Model size NER NER cross Model variables
method fitting validation
(%) (%)
E-nose GA-LDA 4 72 72 WS5S, W6S, W1W, W1S
GA-QDA 5 79 76 W5C, W1W, W1S, W3S, W1C
E-tongue GA-LDA 2 86 84 Astringency, B itterness
GA-QDA 4 85 84 Astringency, Aftertaste-bitterness , Bitterness,
Saltiness
NIR GA-PCA- 7 ranges 93 91 6942.1-6908.1; 4447.2-4412.; 4408.7-4373.9;
LDA 4370.1-4335.4; 4331.5-4296.8; 4292.9-4258.2;
4254-4219.7
GA-PCA-  6ranges 95 93 5939.9-5905.2; 4485.8-4451.1; 4408.7-4373.9;
QDA 4370.1-4335.4; 4331.5-4296.8; 4254.4-4219.7
MIR GA-PCA- 4 ranges 90 90 3498.8-3479-5; 1373.3-1354.0; 1188.1-1168.8;
LDA 1165.0-837.08
GA-PCA- 4 ranges 91 91 2989.6-2970.3; 1396.4-1377.1; 1257.5-1238.3;
QDA 1188.1-1168.8

The NIR and MIR spectral data collected during the 2008 and 2009 vintages were correlated
with carbohydrate concentrations (glucose and fructose), fermentation products (ethanol and
glycerol) and phenolic compounds (total phenols, total anthocyanins and total flavonoids) using
Partial Least Squares (PLS) regression algorithm. Good calibration models to predict the main
parameters involved in alcoholic fermentation (carbohydrates and alcohols) were obtained in
both near and mid infrared regions. In particular, the models developed in the near infrared
region (Table 2) performed well in the prediction of glucose (RMSECV=3.70 g L), fructose
(RMSECV=4.46 g L"), ethanol (RMSECV=2.15 g L) and glycerol (RMSECV=0.46 g L ™). Good
predictive models with a r,,>0.93 were also obtained for phenolic compounds. The models
developed in the medium infrared region (data not shown) also proved to be well correlated with
the chemical parameters. In particular, the MIR models were characterized by r., values of 0.99
and RMSECV of 0.53 g L, 258 g L™, 3.70 g L™ and 2.33 g L™ for glucose, fructose, ethanol
and glycerol, respectively. Good results (r,, > 0.91) were also obtained for the prediction of total
phenolics, total anthocyanins and total flavonoids.

Table 2. Statistical parameters for the prediction of sugars, alcohols and phenolic compounds
in must-wine samples using FT-NIR spectroscopy.

Dependent Variable Data- Ni Calibration Cross -validation
pretreat ment Vljltzglte Feal RMSEC Fov RMSECV

Glucose (g L™ SNV-d? 5 0.99 3.44 0.99 3.70
Fructose (g L™) SNV 3 0.99 4.37 0.99 4.46
Ethanol (g L™) MSC-d? 1 0.99 2.14 0.99 2.15
Glycerol (g L™Y) MSC-d? 5 0.99 0.44 0.99 0.46
Total phenolics (g L™) MSC-d* 6 0.96 185.1 0.95 208.7
Total anthocyanins (g L™) MSC-d* 10 0.95 17.5 0.93 20.4
Total flavonoids ( g L™) MSC-d* 6 0.98 123.7 0.97 139.9




Conclusions

The results of this work demonstrate the feasibility of NIR and MIR spectroscopy to
investigate molecular changes involved in must-wine fermentation and the possibility to apply
the electronic nose and tongue in order to detect the evolution of aroma and taste profile during
the process. The ability of spectroscopic methods, electronic nose and electronic tongue,
combined with GA and LDA or QDA, to classify samples on the basis of their fermentation stage
was evaluated. The best results were achieved by the GA-PCA-QDA classification model
applied to NIR spectral data, where 93% of samples belonging to different fermentation stages
were correctly classified; in the same way the GA-LDA classification model applied to electronic
tongue data was of great interest having acceptable predictive performance (84% of correct
classification) and involving only two variables (astringency and bitterness). In addition, FT-NIR
and FT-IR spectroscopy provided good regression PLS models to predict the main chemical
parameters and to quantify the phenolic compounds of the must-wine samples. Although in this
study the measurements were carried out in off-line mode, sensors or probes could be
implemented in future works to allow the process to be monitored on-line, giving real time
information related to the development of the process and to the quality of the final product.
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Abstract. In April 2002, Swedish researchers shocked the food safety world when they presented
preliminary findings of acrylamide in some fried and baked foods, most notably potato chips and
French fries. Asparagine is an aminoacid precursor of acrylamide formation through Maillard
reaction. Asparaginase enzyme converts free asparagine into aspartic acid; another amino acid that
does not form acrylamide and also maintains intact the food sensorial properties. The objective of
this research was to compare the effect of different temperature-time asparaginase treatments over
the acrylamide content of potato chips. Control and asparaginase treated potato slices (Verdi variety,
diameter: 40 mm, width: 2.0 mm) were fried at 170 jC for 5 min. Potato slices were treated in one of
the following ways: (i) Rinsing in distilled water (control A); (ii) Blanching in hot water at 85 {C for 3.5
min (control B); (iii) Immersing in a 10000 ASNU/I asparaginase solution at 40; C for 20 min; (iv)
Immersing in a 10000 ASNUY/I asparaginase solution at 50; C for 10 min; (v) Immersing in a 10000
ASNUY/I asparaginase solution at 50; C for 20 min; (vi) Blanching in hot water at 85;C for 3.5 min
plus immersing in a 10000 ASNU/I asparaginase solution at 40; C for 20 min; (vii) Blanching in hot
water at 85;C for 3.5 min plus immersing in a 10000 ASNU/I asparaginase solution at 50j C for 10
min; (viii) Blanching in hot water at 85;C for 3.5 min plus immersing in 10000 ASNU/I asparaginase
solution at 50; C for 20 min. Soaking blanched potato chips in a 10000 ASNU/I asparaginase
solution for 20 min at 50{C was the most effective time-temperature combination asparaginase
treatment in order to diminish the acrylamide content in potato chips in ~ 90 %.

Keywords. Commercial asparaginase, asparagine, reducing sugars, frying, potato chips.
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Introduction

Acrylamide is a hazardous contaminant originated principally through the high temperatures
reached in Maillard reaction during heat processing of various carbohydrate-rich foods.
(Mottram, Wedzicha, & Dodson, 2002). Acrylamide has been classified by the International
Agency for Research of Cancer (IARC) as @robably carcinogenic for humansO(IARC, 2002)
and recognized by the European Union Scientific Committee on Food (EUSCF) as a genotoxic
carcinogen (EUSCF, 2002). Simultaneously, several studies have shown that acrylamide is
formed by heating certain starch-based foods above 120 C, such as French fries and potato
chips which can exhibit relatively high values of acrylamide such as 424 ! g/kg and 1739 ! g/kg,
respectively (Rosen& Hellenas, 2002). Besides, the potential capability of different potato
varieties to form acrylamide during heat treatment correlated well with the concentration in the
tubers of reducing sugars (e.g. glucose and fructose) and asparagine (Zyzak, Sanders,
Stojanovic, Tallmadge, Ebehart, Ewald, Gruber, Morsch, Strothers, Rizzi, & Villagran, 2003).
Therefore, acrylamide monitoring and mitigation are issues of major relevance. The analytical
methods for acrylamide determination are based on using (i) gas chromatography and mass
spectrometry -GC-MS- (Tareke, Rydberg, Karlsson, Eriksson, and Tornqvist, 2002) or (ii) liquid
chromatography and tandem mass spectrometry -LC-MS-MS- (Rosen and HellenSs, 2002).
Recently, a LC-MS-MS methodology for simultaneous analysis of acrylamide and their
precursors such as asparagine and glucose was implemented with a detection limit for
acrylamide of 20 ! g/kg in the case of French fries (Nielsen, Granby, Hedegaard, and Skibstead,
2006).

Maillard reaction, has been shown to be the major pathway for the formation of acrylamide in
heated food products (Stadler, Blank, Varga, Robert, Hau, Guy, Robert and Riediker, 2002;
Mottram, Wedzicha and Dodson, 2002). On the other hand, Maillard reaction also plays a
relevant role during the heat processing of carbohydrate-rich foodstuffs. This highly
temperature-dependant reaction is instrumental in the development of desirable color, flavor
and aroma compounds (Tareke, Rydberg, Karlsson, Eriksson, and Torngvist, 2002). So, the
major challenge for academy and industry is to reduce acrylamide levels in foods as much as
possible while maintaining their sensorial attributes intact (Pedreschi, Kaack, Granby, &
Troncoso, 2007). According to The Joint Institute for Food Safety and Applied Nutrition
(JIFSAN) recommendation, dated April 2006, the mitigation of acrylamide level in foods has
been desirable and ew ways for acrylamide reduction should be developedO (Ciesarova,
Sadecka, Suhaj, & Horvathova, 2007). In that sense, most of the methods to mitigate
acrylamide seek to remove its precursors from raw potatoes (such as glucose and fructose, and
asparagine) or to inhibit the intensity of the Maillard reaction by different process modifications.

One way to reduce the acrylamide content of final starchy food processed at high temperatures
could be to use the enzyme asparaginase which hydrolyses free asparagine to aspartic acid
that does not form acrylamide (Amrein, SchibSchler, Escher, and Amad—, 2004)Furthermore,
when using asparaginase, the nutritional properties, the taste as well as the browning of the
heated products are unaffected (Hendriksen, 2006). Commercial asparaginase is produced from
Aspergillus oryzae based on cloning technology. This enzyme has a pH-optimum at pH 6-7 with
good activity between pH 5 and 8, which may be the pH range for production of potato products
like French fries and chips. For instance, Ciesarova, Kiss, & Boegl (2006) found that important
mitigation of acrylamide formation (90-97%) could be achieved also in products prepared from
dried potato powder treated by L-asparaginase. Additionally, it has been reported that by using
asparaginase to treat French fries, it was possible to reduce the formation of acrylamide by 60
% (Pedreschi, Kaack, & Granby, 2008). Finally, Hendriksen, Korbrust, Ostergaard, and Stringer,
(2009) reported dough based applications where the addition of asparaginase resulted in



reduction of the acrylamide content in the final products of 34-92 %. The objective of this
research was to study the effect of blanching in combination with commercial asparaginase for
acrylamide mitigation during frying.

Materials & Methods

Materials

Potatoes tubers (Verdi variety; moisture content of 72 g/100g) and palm oil were the raw
materials. Potatoes used in this research were grown in Denmark and were stored at 8;C and
959g/100g of relative humidity. Then, they were washed and peeled in an industrial peeler.
Slices (thickness of 2.0 mm) were cut from the pith of the parenchymatous region of potato
tubers using an electric slicing machine. A circular cutting mold was used to provide chips with
a diameter of 40 mm.

Pre-treaments

Potato slices were rinsed immediately after cutting for 1 min in distilled water to eliminate some
starch material adhering to the surface prior to frying. The following pre-treatments were applied
before frying:

A: Raw potato slices rinsed in water distilled without any treatment (Control A).

B: Blanched slices immersed in hot distilled water at 85 {C for 3.5 min in a ratio of potato to
water (g/g) of ! 0.5 (Control B).

C: Raw slices immersed in a 10000 ASNU/L asparaginase solution at 40 {C for 20 min (ratio
of potato to enzyme solution -g/g- of ! 0.5).

D: Raw slices immersed in a 10000 ASNU/L asparaginase solution at 50 jC for 10 min (ratio
of potato to enzyme solution -g/g- of ! 0.5).

E: Raw slices immersed in a 10000 ASNU/L asparaginase solution at 50 jC for 20 min (ratio
of potato to enzyme solution -g/g- of ! 0.5).

F: Blanched slices in hot water at 85 jC for 3.5 min and then, immersed in a 10000 ASNU/L
asparaginase solution at 40 {C for 20 min (ratio of potato to enzyme solution -g/g- of ! 0.5).

G: Blanched slices in hot water at 85 jC for 3.5 min and then, immersed in a 10000 ASNU/L
asparaginase solution at 50 {C for 10 min (ratio of potato to enzyme solution -g/g- of ! 0.5).

H: Blanched slices in hot water at 85 jC for 3.5 min and then, immersed in a 10000 ASNU/L
asparaginase solution at 50 {C for 20 min (ratio of potato to enzyme solution -g/g- of ! 0.5).

An asparaginase solution containing 10000 ASNU/L (1 ASNU being defined as the amount of
asparaginase that produces one micromole of ammonia per minute under the conditions of the
assay (pH=7+0.005; 37+£0.5 iC) was prepared from commercially available Acrilaway”
(Novozymes A/S, Bagsvaerd, Denmark). Finally, raw or pre-treated potato slices were deep-
fried at 170+1 {C for 5 min (until reach a final moisture content of ! 2.0 g/100g) in an electrical
fryer. The experiments were made in duplicate.



Acrylamide determination

For acrylamide analysis the liquid-chromatography-tandem mass spectrometry method
described by Nielsen, Granby, Hedegaard, & Skibstead (2006) was used with slight
modifications. Acrylamide (2-propene amide) [CAS No. 79-06-1] (>99.5%) was obtained from
Sigma-Aldrich. Labelled d3-acrylamide (>98%) was from Polymer Source Inc. Analysis were
performed on 3 g aliquots of homogenised fried potato samples, added internal standard 200 ! |
10 !'g/ml Ds-acrylamide and 30 ml of deionised water. The sample was extracted by a
homogenizer at 10,000-12,000 rpm for 2 min. The sample was centrifuged at 500 x g for 20 min
and an aliquot of 4 ml was transferred to Eppendorf vials and frozen to -18 {C for at least 30 min
and subsequently centrifuged in an Eppendorf centrifuge at 12,100 x g for 10 min to precipitate
starch. The clean up was made on 300 mg Isolute Multimode SPE-columns (IST). The LC
system consisted of a liquid chromatograph. Separation was performed with 0.1g/100g formic
acid in water on a Hypercarb column (dimensions 2.1 mm x 100 mm, patrticle size 5 ! m).
Finally, MS-MS detection was performed on a Quattro Ultima triple quadropole instrument from
Micromass. The source was kept at 120 iC and the desolvation temperature was 400 C.
Nitrogen was used as cone and desolvation gas with flow rates of 150 and 500 I/h, respectively.
Argon was used as collision gas and kept at a pressure of 2.4 x 10 mbar. Detection was
performed by multiple reactions monitoring (MRM). Acrylamide and glucose were detected in
positive ion mode, while asparagine was detected in negative ion mode. Quantification of the
fragmentations was done using MassLynx software version 4.0 including QuanLynx.

Statistical analysis

Analysis of variance was carried out using Statgraphic Statistical Package including multiple
range tests (P > 0.05) for separation of least square means. Experiments were run in duplicate.

Results & Discussion

Acrylamide content in pre -treated potato slices after frying

Raw potatoes (control A) contained 2047 ! g/kg of acrylamide (figure 1). Blanching resulted in
17 % less acrylamide formation in potato slices after frying (figure 1B). This fact has been
explained previously by some authors since not only reducing sugars but also asparagine (both
acrylamide precursors) are leached out during blanching (Pedreschi et al. 2004). When raw
potato slices were immersed in the asparaginase solution, the acrylamide content diminished by
almost 20 % (figure 1C). This reduction could be attributed principally to a reduction of
asparagine in the more external layers of the potato chips that could be reached by the enzime.
These results indicated that blanching treatment and the asparaginase immersion (without
previous blanching) are equivalent in diminishing acrylamide formation in potato slices during
frying. When blanched potatoes were immersed in asparaginase solution, the acrylamide
content diminished dramatically from 2047 ! g/kg to 158 ! g/kg (figure 1H). Blanching improved
asparaginase performance by facilitating enzyme diffusion. Heat treatment such as blanching
during potato processing causes a change in the microstructure of potato slices that may further
improve the diffusion of asparaginase towards the asparagine in the potato pieces (Pedreschi,
Kaack, and Granby, 2004). Finally, raw potato slices immersed in the asparagine solution
showed different acrylamide reduction levels depending on the solution temperature and pre-
treatment duration. Hendriksen, Kornbrust, = stergaard and Stringer, (2009) evaluated the A.
oryzae asparaginase activity in wheat dough at different temperatures concluding that



asparaginase was not seen to be active at temperatures higher than 60 jC. However, the
obtained results of asparaginase activity at different temperatures in raw potato chips were not
similar; showing that for temperatures higher than 40 jC, the acrylamide reduction was lesser.

Acrylamide content of potato slices treated with commercial asparaginase

2500

2000 -

1500 -

1000 -

Acrylamide content (4g/kg)

500 A

A B C D E F G H

Pre-treatments

Figure 1: A. Raw potato slices (control A); B. Blanched potato slices at 85 jC for 3.5
min(control B); C. Raw potatoes slices immersed in a 10000 ASNU/L asparaginase solution at
40 iC for 20 min; D. Raw potatoes slices immersed in a 10000 ASNU/L asparaginase solution
at 50 iC for 10 min; E. Raw potatoes slices immersed in a 10000 ASNU/L asparaginase solution
at 50 jC for 20 min; F. Blanched potato slices at 85 jC for 3.5 min plus immersion in a 10000
ASNU/L asparaginase solution at 40 jC for 20 min; G. Blanched potato slices at 85 {C for 3.5
min plus immersion in a 10000 ASNU/L asparaginase solution at 50 jC for 10 min; H. Blanched
potato slices at 85 jC for 3.5 min plus immersion in a 10000 ASNU/L asparaginase solution at
50 iC for 20 min.

Conclusion s

Blanching improved the action of commercial asparaginase in diminishing acrylamide content in
potatoes chips. The effect of asparaginase soaking temperature and the duration of the pre-
treatment also affect the acrylamide content reduction in potato chips. Best results were obtain
when raw potato slices were blanched in hot water at 85 {C for 3.5 min and then, immersed in a
10000 ASNUI/L asparaginase solution at 50 jC for 20 min (acrylamide reduction levels around
90 % in the final product).
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Abstract . Diastase number (DN) of honeys was assessed using least squares-support vector
machine (LS-SVM). Samples were analyzed by visible and near infrared (Vis-NIR) spectroscopy,
then the collected spectra were separated into calibration (91 samples) and prediction (57 samples)
sets randomly. After the pre-processing of data, they were input into the LS-SVM models for
prediction. Performance was evaluated by correlation coefficient (R?), and root mean square error of
prediction (RMSEP), and the best result was acquired with R?=0.96 and RMSEP=0.78. This study
showed that, LS-SVM combined with Vis-NIR technology could be a fast and non-destructive way to
determine diastase number of honeys.
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Introduction

Honey contains 181 substances at least, but what makes it so distinctive is primarily due to the
presence of enzymes, which were introduced by bees during nectar processing (Babacan &
Rand, 2007). As one of the most important enzymes, diastase (! - and " -amylase) is not only
enriching the nutritional and therapeutic value, combined with other parameters such as
hydroxymetylfurfural (HMF), it is also used to evaluate honey qualities. Diastase humber (DN),
which expresses as the unit of diastase activity (Gothe unit or Schade unit), is of vital
importance to the quality control of commercial honeys. According to the Honey Quality and
International Regulatory Standards, DN must not be less than or equal to 8, and must be not
less than 3 for natural low-enzyme-content honeys.

Least squares-support vector machine (LS-SVM) has proven a promising spectra analyzing
feature after its introducing to the NIR area (Liu & He, 2009; Borin, Ferr<o, Mello, Maretto &
Poppi, 2006). As we known, near infrared spectroscopy (NIR) combined with kinds of
chemometrics like LS-SVM have been accepted as alternatives to analyze components and to
predict functionality parameters of food. For honeys, water, glucose, fructose, sucrose and
parameters such as pH, electrical conductivity, polarimetric parameters have been reported to
be predicted by using NIR technology as reviewed by Zhao (Zhao, He & Bao, In press), but the
trying of fast and nondestructive prediction of diastase activity was never succeed until now.

The mainly goal of this study was to predict diastase activity of honeys using LS-SVM models
combined with Vis-NIR spectroscopy.

Materials and Methods

Sample preparation (heat treatment)

Honeys (n=148) of four commercial brands based on 5 botanical origins were purchased from a
local market directly. They are acacia honeys of Guanshengyuan (n=14), linden honeys of
Guanshengyuan (n=11), loquat of Chunzhiyuan (14), Osmanthus yunnanensis of Chunzhiyuan
(21), acacia of Zhedafengye (26), linden of Zhedafengye (16), acacia of Bainianggongfang (25)
and chinese milkvetch of Bainianggongfang (21).

All the samples were kept at the temperature about 4 ¥. Before taking them to experiments,
honeys were heated up to 40 ¥ for some hours until all the crystalline materials were dissolved.

Reference method

The diastase activity was measured spectrophotometrically according to the standard method of
AOAC (AOAC, 1990). This method was mainly based on starch hydrolysis and iodine test.
Starch solution was mixed with certain amount of honey, and then starch would be hydrolyzed
by gradually due to the existence of amylase in honeys. The absorbance of the whole mixture in



different reaction time would be measured with a spectrophotometer at 660nm and the specified
absorbance determined time was needed to calculate DN. As defined, one unit corresponding to
the amount of enzyme which will convert 0.01 gram of starch to the prescribed end-point in one
hour at 40 ¥ under the conditions of test. Here a Jasco Model 7800 UVBVis spectrophotometer
(Japan Spectroscopic Co., Tokyo, Japan) was used.

Spectral measurement

For spectra collection, a handheld FieldSpec Pro FR (325-1075nm)/A110070 spectroradiometer
(Analytical Spectral Devices, Boulder, USA) equipped with a 150W halogen lamp was used.
The field-of-view (FOV) of the spectroradiometer was 25i; Samples were placed on the probe
tube about 50mm to the probe; 300mm 10Vaway above the sample, the lamp was settled down;
Honey samples were placed in two cuvettes with the cubage about 30ml alternately and were
measured at 1.5nm intervals with an average reading of 30 scans, sensitivity of 3.5nm for each
spectrum. Transmission was adopted as the spectra recording mode. Three spectra were
recorded for each sample and they were finally averaged into one as the spectrum of this
honey. All spectral data were stored in a computer and processed using the RS3 software for
Windows (Analytical Spectral Devices, Boulder, USA).

Transmission spectra were transformed into absorbance, which can be related to concentration
by BeerOs lawThen the absorbance spectra were transformed into ASCII format, stored for the
next steps of the analysis. All the above operations to the data were achieved by using the ASD
ViewSpecPro software (Analytical Spectral Devices, Boulder, USA).

In order to reduce the interference of instrument noise to the informative spectra data, the first
and last 75 wavelength values (the most two noise-rich parts of the whole spectrum) were
removed. Further more, second derivative (2ed Der) was used to remove background and
increase spectral resolution, considering noises would be brought in through direct derivative,
Savitzky-Golay (SG) Bbsmoothing, which can raise the signal-to-noise ratio, were applied
beforehand, and this preprocessing method called SG-2ed der in short.

Multivariate analysis

Multivariate data analysis was the bridge which connected the spectra data with the target
components (parameters), it was used to develop a quantitative relation between the digitized
spectra, the matrix X, and the concentrations or parameters, the matrix Y (Trygg & Wold, 2002).
LS-SVM, which aimed at simplifing the computational process and extended the framework of
standard SVM, was proposed by suykens in 1999 (Suykens & Vandewalle, 1999). It found the
solution by solving a set of linear equations instead of a convex quadratic programming for
classical SVM; it was also closely linked with gaussian processes, regularization networks but
additionally emphasized and exploited primal-dual interpretations from optimization theory. In
the recent years, with the outstanding features of providing robust estimation, LS-SVM has been
developed and applied in the arena of near infrared spectra technology, preferable results have



been acquired in the applications of quantitative prediction of food components (parameters)
(Wu, He, Feng & Sun, 2008; Yu, Niu, Lin, Ying, Li & Pan, 2009).

OUnscrambler ver9.6(YCAMO PROCESS AS, OSLO, Norway), MATLAB v7.0 (The Math
Works, Natick, USA), and a free LS-SVM toolbox for MATLAB (LS-SVM v 1.5, Suykens,
Leuven, Belgium) was used in this study.

Results and Discussion

DN analysis

The overall amylase activity ranged from 3.79 to 16.16 in Gothe (or Schade) unites. An
averaged value was taken out as the final value for each group, considering that, there were
minor differences within inner group samples and these minor differences can also be neglected
in practical application. As was shown in Table 1, amylase activity was affected by the floral
origins, acacia and linden have fairly high DN compared with other honeys here; it was also
affected by brands, DN of Osmanthus yunnanensis of brand Chunzhiyuan was only 3.88.

Table 1. Diastase Number of Commercial Honeys

Diastase Numbers

Brands Nectar Plants -
Min Max Ave SD

Acacia 1560 16.16 15.97 0.25
Guanshengyuan )

Linden 12.98 13.21 13.12 0.09

. Loquat 737 841 7.63 0.44

Chunzhiyuan )

Osmanthus yunnanensis 3.79 3.97 3.88 0.07

Acacia 9.89 10.70 10.17 0.32
Zhedafengye )

Linden 1146 11.61 11.54 0.06

Acacia 13.46 1350 13.49 0.77

Bainianggongfang . .
Chinese milkvetch 8.16 8.42 8.31 0.10

Spectra analysis

In visible region, especially 400-500nm, the information of color was quite rich; in short wave
NIR region, wavelengths form 950-1000nm carried the differences in chemical composition of
each groups. Through the proper application of pre-processing method, signal-to-noise ratio of
the spectra has been improved significantly, as was shown in Figure 1.

Performance of LS -SVM model

It was recognized that, four steps were crucial for a successful application of LS-SVM. They
were input data preparation, kernel function selection, parameters optimization and optimal
fitting acquisition. SG-2ed Der processed data were chosen as the input sets; Radial basis
function (RBF) which handles the nonlinear relationships between the spectra and target
attributes well was selected as kernel function (Liu & He, 2009); Parameters of the optimal
model (! , "% were determined by the two steps grid search, the first step was larger where the



optimal search area was determined by, and the second step was smaller searching in 10! 10
grids for the specified parameters; Leave one out cross validation was always accompanied
with searching to evaluate the fitting provided by each parameter value tried during the grid
search progress. After times of searching, the optimal values of (", #) were found at (72942,
3790.3) for the best performance model.

The best predict performance of LS-SVM model was evaluated by correlation coefficient (R?),
and root mean square error of prediction (RMSEP), which were achieved at R?=0.96 and
RMSEP=0.78 as shown in Figure 2.
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Conclusions

This study was the first time to successfully practice the proposal of fast and non-destructive
prediction of diastase number of honeys. The convincible result provide by the robust LS-SVM
model with NIR technology has shown that, it was possible for on-line estimation of diastase
activity of honeys in practical application.
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Abstract . Histidine (CsHoN3O,) is one of the amino acids which are quite important indices for
monitoring and indicating the growing status of oilseed rape. The traditional detection methods, such
as HPLC or automatic amino acid analyzer were time consuming, laborious, and not convenient for
fast and non-destructive determination. Nowadays, near infrared (NIR) spectroscopy is widely
applied in quantitative and qualitative analysis for plant growing information detection. In this study,
the oilseed rape leaf samples in calibration, validation and prediction sets were 80, 40 and 30,
respectively. Linear and nonlinear chemometric methods were compared, including partial least
squares (PLS) and least squares-support vector machine (LS-SVM). The performance of different
spectral data pretreatments was compared, including Savitzky-Golay smoothing, standard normal
variate, first and second derivatives. The correlation coefficient (R) and root mean square error
(RMSE) were used as evaluation indices. Firstly, different pretreatments were implemented by PLS
model. Secondly, certain wavelengths were selected by the regression coefficients plots.
Simultaneously, for comparison, a newly developed informative information and relevant variable
selection method, called successive projections algorithm (SPA), was employed to obtain the most
effective wavelengths with least collinearity and redundancies. Thirdly, the selected wavelength by
regression coefficients and SPA were used as the inputs of LS-SVM model, respectively. Finally, the
performance of PLS and LS-SVM models were compared and the best model was achieved. The
results indicated that a better prediction results were achieved by the SPA-LS-SVM model with
correlation coefficient R = 0.9683 for validation set. NIR spectroscopy combined with LS-SVM was
successfully applied for the non-destructive determination of histidine in oilseed rape leaves. This
method could be used for the on field monitoring of growing status and other physiological
parameters of oilseed rape, and it also helpful for the development of portable instruments and
sensors for plant growing information detection.

Keywords. Near infrared spectroscopy, oilseed rape, amino acid, least squares-support vector
machine, successive projections algorithm
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Introduction

Oilseed rape (Brassica napus L.) is an worldwide planted edible oil source, and it is also the
most important source of edible oil in China. Oilseed rape is expanding rapidly as a rotation crop
following rice (Zhou, 2001). The physiological parameter in rape leaves have a strong
relationship with the quality and quantity of rapeseeds during the oilseed rape growing stage.
Amino acid was especially import as physiological parameters. Histidine (CsHoN3zO,) is one of
the amino acids which are quite important indices for monitoring and indicating the growing
status of oilseed rape. The traditional detection methods, such as HPLC or automatic amino
acid analyzer were time consuming, laborious, and not convenient for fast and non-destructive
determination. Therefore, a fast and nondestructive determination method for amino acid in
oilseed rape leaves was very necessary to improve the quality and quantity of rapeseeds.

Nowadays, near infrared (NIR) spectroscopy is widely applied in quantitative and qualitative
analysis for plant growing information detection. Near infrared (NIR) spectroscopy have a large
range of application fields, which have spread to agriculture, food, cosmetics and other
industries for both quantitative and qualitative analysis (Yan, Zhao, Han & Yang, 2005). For
oilseed rape, NIR spectroscopic techniques had been applied for the determination of
chlorophyll of rape leaves (Fang, Cao, He & Qiu, 2007), the determination of acetolactate
synthase (ALS) and protein content of oilseed rape leaves using visible/near infrared (400-100
nm) spectra (Liu, Zhang, Jin, He, Fang, and Ye, et al, 2008), total amino acids in oilseed rape
leaves (Liu, Zhang, Fang, Jin, Zhou & He, 2009). However, no reports about the nondestructive
determination of histidine in oilseed rape using near-infrared spectroscopy within the
wavelength region 1100-2500 nm.

The objective of this study was to study the feasibility of near infrared spectroscopy (1100-2500
nm) to determine the histidine in oilseed rape leaves. Different preprocessing methods were
compared, and some relevant variable selection methods (regression coefficients and
successive projections algorithm) were applied for prediction performance comparison. The
linear partial least squares (PLS) and and non-linear least squares-support vector machine (LS-
SVM) calibration methods were also compared to achieve an optimal prediction model.

Materials and Methods

Sample Preparation

One leading cultivar of oilseed rape (Brassica napus, cv. ZS758) was planted at the farm of
Zhejiang University, Hangzhou (30j 10«N, 120; 12«E).During the growing stage, conventional
crop management was preceded by experienced farmers. During 5-leaf stage, a total of 150 leaf
samples with different leaf positions were collected for later experiment. In order to determine
the histidine values using automatic amino acid analyzer, the leaf samples were dried and
sieved through 60-mesh. 80 samples with different leaf positions were selected randomly for
calibration set, 40 samples with different leaf positions were randomly selected for validation set,
and the remaining 30 samples were used as the prediction set. The samples in calibration,
validation and prediction sets were randomly changed several times to confirm the
randomization. No single sample was used in these three data sets during the same time.

Spectral Scanning

Foss NIRSystems 5000 (Foss NIRSystems, Denmark) was applied for spectral scanning, and
the wavelength region was 1100-2500 nm. The resolution of instrument was 2 nm, and 700 data



points were collected for each spectrum. The small round cup was used for sample container.
All spectral data were stored in personal computer for further treatment.

Spectral Pretreatment

Different spectral pretreatment methods were compared in order to achieve a good prediction
performance. The spectral preprocessing methods could remove the spectral baseline shift,
noise and light scatter influence (Chu, Yuan & Lu, 2004). In this paper, the reflectance spectra
directed obtained by Foss NIRSystem were firstly transformed into absorbance spectra by
log(1/R) (R=reflectance). For comparison, the following preprocessing methods were calculated,
including Savitzky-Golay smoothing (SG), standard normal variate (SNV), first-derivative (1-Der)
and second-derivative (2-Der). The performance was determined by the prediction results in the
latter calibration stage. The pretreatments were implemented by OThe Unscrambler V 9.80
(CAMO AS, Oslo, Norway).

Chemometrics and Variable Selection Methods

In this paper, two kinds of chemometric methods were compared, including linear method partial
least squares (PLS) analysis and non-linear method least squares-support vector machine (LS-
SVM). PLS analysis is the most frequently applied calibration method for modeling in the
application of NIR spectroscopic techniques. PLS employs the latent variables (LVs) to develop
a relationship between the spectral data and histidine in oilseed rape leaves. This model would
supply a linear relationship as calibration model. Regression coefficients was obtained by PLS,
which could indicated the importance of variables according to the absolute values. In the PLS
model, the variables corresponding to a large absolute regression coefficient value was thought
to be more important for the model prediction performance. These selected variables were
named effective wavelengths (EWSs). Therefore, regression coefficients (RC) could be applied
as variable selection methods (Liu, He & Wang, 2008).

For comparison, a non-linear LS-SVM method was applied. LS-SVM was quite powerful to
handle both linear and nonlinear problems and solve these problems in a relatively fast way
using small sample database (Suykens & Vandewalle, 1999). The details of LS-SVM could be
found in the literatures (Suykens et al., 1999). Herein, LS-SVM was applied to develop the
correlation between the selected EWs by regression coefficients and successive projections
algorithm (introduced below), and physiological parameters histidine in oilseed rape leaves. In
the LS-SVM model, the inputs were the selected EWs by RC and successive projections
algorithm (SPA) with different preprocessing methods. The radial basis function (RBF) was
recommended as kernel function. The model parameters gamma (!) and sig2 (*?) were
determined by a two-step grid search technique. All the calculations were performed using
MATLAB software v. 7.0 (The Math Works, Natick, MA, USA). The free LS-SVM v 1.5 toolbox
(Suykens, Leuven, Belgium) was applied with MATLAB software v. 7.0 to develop the LS-SVM
models.

Successive projections algorithm (SPA) was a newly proposed relevant variable selection
method (Aracejo Saldanha, Galv<«o, Yoneyama, Chame & Visani, 2001). It could use the
projection procedure to select the most relevant variable with least collinearity and
redundancies. The selected variable, called effective wavelengths (EWSs), could be applied as
input for the development of a more parsimonious model.

The evaluation standards were correlation coefficients (r), and root mean squares error (RMSE).
The most importance assessment indices in this paper were r value for prediction set and root
mean square error of prediction (RMSEP). The good model should be with higher r value and
lower RMSEP.



Results and Discussion

Spectral Features of Oilseed Rape Leaf

The raw absorbance spectra of dried oilseed rape leaves is shown in Fig. 1. As can be seen,
the trends of all samples with different leaf-positions were quite similar. Different absorbance
peaks might be corresponding to chemical compositions with C-H, N-H or O-H bands. The
statistics of histidine in oilseed rape leaves are shown in Table 1. As indicated in Table 1, the
range of calibration, validation and prediction sets covered a larger range, which was thought to
be helpful to obtain a stable and robust model.
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Fig. 1. The raw absorbance spectra of dried Fig. 2 Reference vs predicted histidine values
oilseed rape leaves in prediction set by SPA-LS-SVM model

Table 1 The statistics of histidine content of oilseed rape leaves (mg/100mg DW)

Data set Sample number Range Mean Standard deviation
Calibration 80 0.172-0.481 0.328 0.073
Validation 40 0.154-0.481 0.322 0.079
Prediction 30 0.163-0.427 0.315 0.071
All samples 150 0.154-0.481 0.325 0.074

PLS Models and Effective Wavelength Selection

Different PLS models were developed using the aforementioned spectral pretreatment methods,
including the raw spectral, SG smoothing, SNV and derivative processing. Different latent
variables (LVs) were applied in PLS models. The samples in calibration and validation sets were
applied to develop PLS model, and validation set was applied as a validation process to avoid
over fitting problems. The samples in prediction set was applied to evaluate the developed PLS
models. The prediction results by different pretreatment methods are shown in Table 2. As
shown in Table 2, the optimal PLS model was achieved by 2-Der spectra with r = 0.9206 and
RMSEP = 0.0285 for prediction set. In this model, 700 wavelength variables were used as input
variables. More variables would cost more time for model calculation. In order to develop a
more parsimonious model, some relevant variable selection methods should be applied. Herein,
some effective wavelengths (EWSs) selected by regression coefficients (RC) and successive
projections algorithm (SPA) were applied as inputs to develop some new models. Furthermore,
the non-linear calibration method LS-SVM was used for comparison.



Some effective wavelengths were selected by RC and SPA. 4 EWs were selected by RC during
PLS using 2-Der spectra, and they were 1188, 1632, 1690, and 2054 nm. A total of 10 EWs
were selected by SPA using raw absorbance spectra, and they were 2318, 2106, 2054, 2348,
2238, 1462, 1800, 2210, 2284, and 1542 nm. The above EWs by RC and SPA were used as
inputs of LS-SVM models to predict the histidine in oilseed rape leaves.

LS-SVM Models

The selected EWs by RC and SPA were used as input variables to develop non-linear LS-SVM
models. RBF kernel and the combination of (!, "?) determined by two-step grid search
technique were used during LS-SVM calibration. The search region of (!, "% was set as 10*-
10°. The optimal (!, " ?) were (8.2, 4.7) for RC-LS-SVM model, and (1.8! 10*, 27.0) for SPA-LS-
SVM model, respectively. The prediction results for prediction set are shown in Table 2. As can
be seen, SPA-LS-SVM model was optimal and outperformed other models (PLS and RC-LS-
SVM models). The prediction results by SPA-LS-SVM were r = 0.9683 and RMSEP = 0.0190,
which was also the best model for the prediction of histidine in oilseed rape leaves (seen in
Table 2). The scatter plot for SPA-LS-SVM model is shown in Fig. 2. As indicated, the samples
(black plot) in prediction set were distributed along the regression line (solid line). The results
demonstrated that SPA was a powerful approach for relevant variable selection, and LS-SVM
could make advantage of both linear and non-linear information in spectral data to achieve a
better prediction performance. The total results indicated that near infrared spectroscopy
integrated with SPA-LS-SVM was successfully applied for the fast determination of histidine in
oilseed rape leaves. The results brought a new method for the on field monitoring of oilseed
rape growing status.

Table 2 Prediction results of histidine in oilseed rape leaves by PLS and LS-SVM models

Methods LVs/EWs  Calibration Validation Prediction

r RMSEC r RMSEV r RMSEP
PLS (Raw) 7/- 0.9674 0.0184 0.9484 0.0250 0.9144 00296
PLS (SG) 7/- 0.9675 0.0184 0.9484 0.0250 0.9143 0.0296
PLS (1-Der) 5/- 0.9725 0.0169 0.9505 0.0246 0.9147 0.0294
PLS (2-Der) 4/- 0.9764 0.0157 0.9544 0.0240 0.9206 0.0285
RC-LS-SVM -14 0.9186 0.0287 0.9375 0.0280 0.8832 0.0322
SPA-LS-SVM -/10 0.9899 0.0104 0.9858 0.0138 0.9683 0.0190
Conclusions

Near infrared spectroscopy combined with LS-SVM was successfully applied for the fast and
nondestructive determination of histidine in oilseed rape leaves. Different spectral preprocessing
methods were compared and the second derivatives method achieved a better results by PLS
models. Different variable selection methods (regression coefficients and successive projections
algorithm) were compared for an optimal prediction performance using LS-SVM models. The
results indicated that SPA-LS-SVM model achieved the best results with r = 0.9683 and RMSEP
= 0.0190 for prediction set. The total results indicated that SPA was a powerful relevant variable
selection method, and near infrared spectroscopy integrated with SPA-LS-SVM was
successfully applied for the fast determination of histidine in oilseed rape leaves. The results
brought a new method for the on field monitoring of physiological parameters of oilseed rape
growing status.
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Abstract . In the north of Portugal, and in particular in Tris-os-Montes region, there is sometimes an
overproduction of honey. Mead is one of the possibilities to overcome this problem. However, most
of the time, mead is not produced in a standardized, but empirical and handmade form.

In this work it was evaluated in what way factors, such as, temperature and salt concentration, as
well as, the yeast strain used, affect the fermentation process linked to mead production.
Temperatures of 20, 25 and 30%C and salt concentrations of 60, 90 and 120 g/hL were used, as well
as, two commercial strains of Saccharomyces cerevisiae, namely, Fermol” Reims Champagne and
ICV" D47, used in oenological fermentations. A 3? factorial design was applied to each yeast strain,
and the experimental data were analyzed by the Response Surface Methodology.

Both yeast strains seem to be appropriate for mead production; however the models developed for
the Fermol® Reims Champagne predict better the fermentation development than the ones for ICV”
D47. Thus, it was concluded that in the future when using the Fermol” Reims Champagne yeast in
mead production, itOs advisable to work at a temperature between 24%C and 29v4&nhd with a salt
concentration between 85 and 115 g/hL.

Keywords. Mead, Factorial Design, Response Surface Methodology, Ethanol, Sugars, Glycerol,
Acetic acid.
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Introduction

Tris-os-Montes, northeast of Portugal, is one of the most important Portuguese region
for honey production; however, sometimes it is difficult to sell all the production. In spite
of this, mead production appears as a possible alternative to overcome this problem.
Nevertheless, handmade production of mead is most of the time an empirical task and
has not been often successful due to problems during fermentations. So, it is
necessary to optimize it.

Mathematical models used in the process conception of optimization and control are
useful tools in this field. The Response Surface Methodology (RSM) is one possibility
(Chung, Ma & Braatz, 2000; Wu, 2002). It is appropriate to identify the effect of
individual variables and to find out the best conditions for a multivariable system.

As temperature and salt concentration, as well as, yeast strain are factors that
influence fermentation performance, the main objective of this study was to use RSM to
determine the most favorable conditions for mead production.

Materials and methods

Microoganisms and preparation of musts

In all assays, two commercial strains of Saccharomyces cerevisiae were used, namely
Fermol Reims Champagne (Pascal Biotech ) and ICV D47, both used in wine
production. Freeze-dried yeast cells (30g/hL) were hydrated in sugar water (50g/L) and
incubated at 35%C for twenty minutes.The growth medium was prepared by mixing
honey with water (395g/L) and commercial nutrients (Enovit ) (60, 90 or 120 g/hL), 6%
(v/v) of SO, (8 g/hL) and tartaric acid (SigmabAldrich) until obtaining a pH of 3.5.

Fermentation conditions

The fermentations occurred in Erlenmeyer flasks of 500 ml using a working volume of

250 ml. The fermentations progressed at 20, 25 or 30%C with salt concentrations of 60,
90 or 120 g/hL, indicated by the factorial design. The fermentations developed during

216 hours (approximately 15 days). Throughout the fermentations, the temperature

was constantly controlled. Biomass was determined periodically by optical density at

640 nm. Ethanol, acetic acid, glycerol, fructose and glucose were quantified by HPLC-

RI. Each assay was performed in duplicate.

Experimental design

To study the effect of temperature and salt concentration for each of the oenological
yeasts used, a factorial design 3*was applied. The experimental data were analyzed
by RSM, using the software OMinitab 15.00. The rationship between dependent and
operational variables was established by the following model:

Yy = Bo+ BiXg+ BoXot B11X12"‘ B22X22 " BiaX1X2

, where y is the dependent variable, B corresponds to the regression coefficients
(calculated using the experimental data by multiple regression using the least-squares
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method), and x corresponds to the independent variables. Regarding the parameter B:
i) Bgis a constant; ii) B; and B, are the linear coefficients; iii) B;; and By, are the
guadratic coefficients; and iv) Bi, is the interaction coefficient between variables 1 and
2.

The independent variables used in this study were temperature and concentration of
nutrients - Salt Enovit (Table 1).

Table 1- Independent variables used in this study.

Variable Nomenclature Units Levels
Temperature T YaC 20-25-30
Enovit Salt Concentration C g/hL 60-90-120

Twelve experiments were performed, as indicated in Table 2, showing the set of the
experimental conditions assayed (expressed in terms of coded variables). The
sequence was randomly established to limit the influence of systematic errors in the
interpretation of results. It should be noted that the experiments 1-9, allowed the
calculation of the regression coefficients, while the assays 10-12 were replicas at the
central point of the experimental design in order to estimate the influence of
experimental errors.

Table 2 b Experimental conditions used in mead production.

Temperature Concentration of Temperature Concentration
Assay nutrients b Assay of nutrients b
(¥2C) Enovit salt (¥2C) Enovit salt

1 0 1 7 0 0
2 1 -1 8 -1 0
3 0 -1 9 1 0
4 -1 -1 10 0 0
5 1 1 11 0 0
6 -1 1 12 0 0

The dependent variables studied in this work were ethanol, acetic acid, glycerol, and
the final concentrations of glucose and fructose, allowing the determination of five
models.

Results and discussion

Fermentations development

Due to the significant number of fermentations carried out, it was decided to only
discuss the fermentation progress of five concrete situations, namely:

A) T = 20%C (levell) + salt concentration = 120 g/hL (Level 1)
B) T = 20%C (levell) + salt concentration = 60 g/hL (level -1)
C) T = 30iC (level 1) + salt concentration = 120 g/hL (Level 1)
D) T = 30;C (level 1) + salt concentration = 60 g/hL (level -1)
E) T = 25;C (level 0) + salt concentration = 90 g/hL (level 0) } Central condition

Extreme conditions

Proceedings of the 6™ CIGR Section VI International Symposium
Olrowards a Sustainable Food ChainO

Food Process, Bioprocessing and Food Quality Management
Nlantae Eranra - Anril 12 .20 2N11



When analyzing the results obtained for Fermol Reims Champagne yeast strain in
relation to biomass, it was found that the highest concentrations were obtained in
assays 1A, 1C and 1E. In terms of the length of the exponential phase, it was found
that in most situations the stationary phase began after approximately 70 hours, except
for C and D experiments that started around 50 hours.

In relation to ethanol, the final concentrations determined were similar in all assays,
being equal to 91.4+0.06, 107+0.02, 113+0.03, 115+0.22 and 119+0.43 g/L forA, B, C,
D and E cases, respectively. The lowest concentration was determined in the assay
corresponding to temperature of 20;C and a salt concentration of 120 g/hL.

Acetic acid and glycerol and were also produced during the fermentations. In the case
of acetic acid production, a minimum value of 0.12+0.06 g/L and a maximum value of
0.78+0.003 g/L, were observed. For glycerol, values between 5.40+0.04 and 7.04+0.05
g/L were determined. Nevertheless, the acetic acid concentrations were always below
the legal limit (<18 meg/L which corresponds to about 1.1 g/L) (Regulation (EC) N%
1493/1999, Annex VB -1b), and the glycerol concentrations were within the values
reported by Rankine & Bridson (1971) for Australian wines that should be between 1.4
and 9.9 g/L.

In relation to sugars, it was observed that in all assays, fructose and glucose were
consumed during the fermentations. Generally, the rate consumption of glucose was
slightly higher (for example in assay 1C) or identical (assay 1A) to fructose. The final
values for glucose were equal to 2.55+0.51 to 5.11+ 0.12 g/L and for fructose to
1.51+0.31 to 27.61+0.16 g/L.

The results of ICV D47 yeast strain were identical to the ones obtained with Fermol
Reims Champagne (Pascal Biotech ), not being discussed.

Statistical treatment of the results

In terms of the model fits, better results were observed for the yeast Saccharomyces

cerevisiae Fermol Reims Champagne (Pascal Biotech ) than for ICV D47 . In fact, the

"lack-of-fit" was not significant (p>0.05) in four models b ethanol, acetic acid, glycerol

and glucose b determined for the former yeast, unlike the observed for the yeast

Saccharomyces cerevisiae ICV D47 . For this yeast strain, the Olackof-fitO was
significant (p<0.05) in all the models determined, meaning that the mathematical

models developed for this last yeast strain were not as suitable as those determined for

the yeast Fermol Reims Champagne and so, the equations used to predict the

responses for ICV D47 should be interpreted with some caution.

In relation to Saccharomyces cerevisiae Fermol Reims Champagne fermentations, it
was observed that the addition of Enovit salt resulted in only small effects on the
variables studied, with the exception of fructose (p<0.05). The temperature caused a
positive significant effect (p<0.05) in the production of acetic acid and glycerol, as
demonstrated by the values of the B, (linear) and B,, (quadratic) coefficients. This last
parameter was also significant for the consumption of glucose. In relation to the
interactive term, relative to the Enovit salt concentration and temperature, it was
significant for acetic acid, glycerol and fructose.

In general terms, the effects of temperature and salt concentration on the dependent
variables studied in the present work for the Fermol Reims Champagne are illustrated
in Figure 1. In relation to ethanol, in most situations the ranges of temperature and salt
concentration evaluated had little influence on the production of ethanol (Figure 1A),
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since it varies predictably between 10 and 12.5%. For the acetic acid (Figure 1B), it
was verified that temperatures above 25;C and nutrient concentrations between 72 and
120 g/hL, may cause an increase in the production of this compound; however, the
results suggest that acetic acid concentrations above 0.8 g/L are difficult to obtain, not
existing the risk of exceeding the maximum permissible value. In terms of glycerol
(Figure 1C), an increase in temperature favors itOgroduction.

To avoid refermentations it is desirable to have low levels of glucose and fructose at
the end of the fermentations. High salt concentrations in conjunction with temperatures
below 27;C favor the consumption of these sugars. On contrary, low levels of salt and
temperatures below 25%C can lead to final concentrationsexceeding 3.5 and 10 g/L of
glucose and fructose (Figures 1D and 1E), respectively, which is undesirable.

Conclusions

The present work showed that both yeast strains seem to be appropriate for mead
production; however, the quadratic regression models developed for the yeast Fermol”
Reims Champagne predict better the fermentation parameters linked to mead
production than the models developed for the ICV DA47.

By the results obtained for Fermol Reims Champagne the ranges of temperature and
salt concentration seem not to have much influence in the production of ethanol that
varied between 10 and 12.5%. However, an increase in temperature above 24vC and a
salt concentration between 72 and 112 g/hL can cause an increase in the production of
glycerol and acetic acid. This last specie is undesirable, nevertheless, in all cases the
acetic acid concentration was below 0.8 g/L, which is lower than 1.1 g/L, the maximum
value permissible.

Thus, in the future when using Fermol Reims Champagne in mead production the
following conditions should be used: temperature between 24 and 29%C and a s
concentration between 85 and 110 g/hL, in order to not exceed the legal limit for acetic
acid, to promote the production of ethanol and glycerol, and for obtaining low
concentrations of fructose at the end (<4g/L) to avoid refermentations.
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Abstract . The objective of the study was to investigate the role of BHA and ! -tocopherol in
protective whey protein isolate (WPI) from oxidative modification WPl was suspended (20mg
protein/mL) in buffer (pH6.0) with 0.1 mg/mL BHA or 0.5 mg/mL ! -tocopherol, respectively. Control
sample did not add any antioxidant. Oxidation was induced by incubating the protein suspensions at
20 iC for 1, 5, or 12 h in FeCl3y/H,0, hydroxyl radical-generating systems (HRGS). Changes in
oxidized WPI were measured as carbonyl groups, total sulfydryl, bityrosine, hydrophobicity, turbidity
and protein cross-linking. The results showed that oxidation increased protein carbonyls by 43.7%
and decreased total sulfhydryls by 54.8%, respectively, when incubated in HRGS for up to 12 h. The
HRGS-oxidized WPI also had a higher dityrosine content and surface hydrophobicity (P < 0.05) than
nonoxidized WHPI. Furthermore, turbidity and sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) revealed that oxidation caused protein aggregates and crossing. The
presence of BHA and ! -tocopherol significantly reduced (P < 0.05) the extent of WPI oxidation in all
physicochemical properties tested, thus limited the oxidation-induced protein aggregates and
structural changes. Therefore, BHA and ! -tocopherol may be used as a potential ingredient in WPI
and WPI-containing foods to enhance their oxidative stability.

Keywords. Antioxidation, Whey proteins isolate (WPI), Protein oxidation, Hydroxyl radical.
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Introduction

As a common food ingredient, whey protein isolate (WPI) or concentrate (WPC) is used to
improve textural characteristics and nutritional value of formulated foods, including sausage,
low-salt fish products, beverages, dairy foods, bakery products, and snack bars (Morr & Ha,
1993). Many whey protein-containing foods are prepared in the presence of ROS generated
during processing, so the performance of WPI can be expected to be affected by the specific
oxidative conditions. So far, there have been very limited literature reports on the oxidative
susceptibility of whey proteins either present in dairy products or used as a functional ingredient
in processed non-dairy foods. In previous studies (Cui, Xiong, Kong, Zhao, & Liu, 2011), we
noted that WPI had great susceptibility to hydroxyl radical oxidation, which were evidenced by
substantial losses of sulfhydryl groups and the formation of dityrosine and carbonyls. These
changes occurred concomitantly with protein structural changes and aggregation. Studies have
also shown that oxidation can alter the tertiary and secondary structure of proteins, resulting in
modifications of functional properties of proteins such as solubility and gelation (Xiong,
Blanchard, Ooizumi, & Ma, 2010).

In most cases, oxidation would impair the functionality of proteins, so the addition of antioxidant
maybe could inhibit the oxidant-induced protein structure and functional changes. Wang and
Xiong (2008) showed that the presence of antioxidative potato protein hydrolysate inhibited
oxidant-induced biochemical changes of pork myofibrillar protein and reduced the susceptibility
of protein to structural alteration by iron-catalyzed and H,O,-activated metmyoglobin oxidizing
systems. BHA and ! -tocopherol are well known to exhibit antioxidative activity towards lipid
oxidation in different food products (Pinho, Ferreira, Oliveira, & Ferreira, 2000). However, the
role of the BHA and ! -tocopherol as antioxidants in relation to protein oxidation in foods has not
been elucidated.

This study aimed to investigate the stabilizing effect of BHA and ! -tocopherol on reduce
oxidative changes in whey proteins under oxidative conditions commonly encountered in dairy
processing, that is, an iron-dependent hydroxyl radical-generating system (HRGS), by
determining chemical and structural changes, including carbonyls, sulfhydryls, dityrosine,
surface hydrophobicity, and protein cross-linking.

Materials and methods
Materials

WPI (95% protein on a dry weight basis) was obtained from Davisco Foods International, Inc.,
USA. 5,5'-dithiobis (2-Nitrobenzoic acid) (DTNB), 2,4-dinitrophenylhydrazine (DNPH), ethylene
diamine tetraacetic acid (EDTA), 6-hydroxy-2,5,7,8-tetramethyl-2-carboxylic acid (Trolox),
butylated hydroxyanisole (BHA), sodium ascorbate, 1l1-anilino-8-naphthalenesulfonate
magnesium salt (ANS), and ! -tocopherol were purchased from Sigma Chemical Co. (St. Louis,
MO, USA); sodium dodecyl sulfate (SDS) was purchased from Bio-Rad Laboratories (Hercules,
CA, USA). All other chemicals and reagents were of analytical grade.

Protein oxidation

The protein concentration of WPI was adjusted with the 20 mM buffer (pH 6.0) to 20 mg
protein/mL. BHA or ! -tocopherol incorporated into the WPI suspension at level of 0.1 mg/mL
and 0.5 mg/mL, respectively. Control sample did not add any antioxidant. All the protein
samples were oxidized at 20 + 1 {C for 1, 5, or 12 h in HRGS that consisted of 0.1 mM FeCls,
0.1 mM ascorbic acid, and 1 mM H,O, (Cui, 2009). Oxidation was terminated by adding
BHA/Trolox/EDTA (1 mM each). The oxidized samples were subsequently lyophilized.



Protein chemical and structural properties

Carbonyl groups were estimated using the method of Oliver, Alin, Moerman, Goldstein, and
Stadtman (1987) with slight modifications. Total sulfhydryl (SH) content was measured using the
EllmanOsmethod with DTNB as described by Simplicio, Chesseman, and Slater (1991).
Dityrosine formation was estimated by the method of Davies, Delsignore, and Lin (1987). The
surface hydrophobicity of WPI samples was determined by the method of Monahan, German,
and Kinsella (1995).

Protein aggregation

WPI samples were subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) to determine covalent protein cross-linking.

Statistical analysis

Data were analyzed using the General Linear Models procedure of the Statistix 8.0 software
package (Analytical Software, St. Paul, MN, USA) for microcomputers. Analysis of variance
(ANOVA) was done to determine the significance of the main effects. Significant differences (P
< 0.05) between means were identified using the TukeyOs test.

Result and discussion
Protein chemical and structural properties

Carbonyl s The baseline carbonyl content (in nonoxidized WPI) was 15.2 nmole carbonyls/mg
proteins (Fig. 1). There was 19.8% to 43.7% increase in carbonyl groups for control group when
exposures of WPI to HRGS from 1 to 12 h, compared with nonoxidized samples (P < 0.05). The
results indicated that the formation of carbonyls in WPI was sensitive to oxidation and oxidation
time. Incorporation of 0.1 mg/mL of BHA or 0.5 mg/mL of ! -tocopherol into the WPI suspension
(20 mg/mL protein) prior to HRGS oxidation significantly inhibited carbonyl formation, and the
efficacy of BHA was better than ! -tocopherol. At 12 h of incubation time, the production of
carbonyls was decreased 43.8% and 32.8% in BHA and ! -tocopherol group, respectively,
compare with WPI control at the same oxidation time (P < 0.05).The formation of carbonyls is
one of the main chemical consequences when proteins are exposed to an oxidizing
environment. Protein carbonyls can also be generated by peptide bond cleavages (Wang &
Xiong, 2008). Furthermore, exogenous carbonyls may be introduced into proteins by the
reactions of lysine residues with oxidized ascorbate to cysteine sulfhydryl groups, lysine-amino
groups, or histidine-imidazole moieties (Butterfield & Stadtman, 1997). Metal-catalyzed
formation of active oxygen species, in the presence of ascorbate, was responsible for the
conversion of some amino acid residues to carbonyl derivatives (Levine et al., 1990).

Total sulfhydryls The sulfhydryl content of nonoxidized WPI was 23.5 nmol/mg of protein,
and it decreased (P < 0.05) by 46.2%, 48.1%, and 54.8%, respectively, when oxidized in HRGS
for 1, 5, and 12 h (Fig. 2). Incorporation of BHA and ! -tocopherol into the WPI suspension could
significant decrease the loss of sulfhydryl groups. At 12 h of incubation time, the sulfhydryl
content in BHA and ! -tocopherol group was decreased by 39.3% and 37.3%, respectively,
compared with nonoxidized samples (P < 0.05). In the present study, the disappearance of
sulfhydryls also corresponded to the increase in the carbonyl content, suggesting that some of
the non-cysteine amino acid side chain groups were also highly susceptible to hydroxyl radicals.
The loss of sulfhydryl groups is one of the earliest observable events in radical-mediated
oxidation in proteins and is responsible for the formation of disulfide bonds within polypeptides
and between polypeptides.



Dityrosine There was a 1.53 to 2.32-fold increase in dityrosine formation in oxidized control
WHPI, as indicated by the higher fluorescence intensity (P < 0.05), when oxidation time was
increased from 1 to 12 h compared with nonoxidized WPI (Fig. 3). BHA and ! -tocopherol could
significant decrease the dityrosine formation (P < 0.05). At 12 h of incubation time, the
production of dityrosine was decreased 4.26% and 11.6% in BHA and ! -tocopherol group,
respectively, compare with WPI control sample (P < 0.05). Tyrosine residues in bovine serum
albumin have been reported to be crucial for the formation of long-lived protein radicals (Irwin,
“stdal, & Davies, 1999). In other food protein systems, such as myofibrillar proteins, dityrosine
also forms when the protein samples are exposed to hydrogen peroxide (Morzel, Gatellier,
Sayd, Renerre, & Laville, 2006). Our present result was consistent with those previous reports.

Surface hydrophobicity As depicted in Fig. 4, surface hydrophobicity of control WPI
increased 2.71, 2.61, and 2.68-fold, respectively, when oxidized in HRGS for 1, 5, and 12 h (P <
0.05) when compared with nonoxidized WPI. The surface hydrophobicity of control increased at
first 1 h then had no significant change with increasing oxidative time. Incorporation of BHA and
I -tocopherol into the WPI suspension, the surface hydrophobicity only increased 1.19 and 1.58-
fold, respectively, compared with nonoxidized samples, and it significantly lower than that of
control WPI at the same oxidative time (P < 0.05). An increased surface hydrophobicity
indicates the unfolding of whey proteins because nonpolar amino acids side chain groups are
increasingly exposed (Riebroy, Benjakul, Visessanguan, Erikson, & Rustad, 2009).
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Figure 1. Influence of BHA and ! -tocopherol on carbonyl formation, total sulfhydryl content,
dityrosine (expresed as fluorescence), and surface hydrophobicity in WPI suspension (20
mg/mL protein) incubated in HRGS at 20 iC.

Protein aggregation



SDSBPAGE was conducted to detect covalent linkages between proteins or protein fragments
in oxidized WPI. The electrophoretic patterns indicated that there were no obviously decreases
in band intensity after WPIl was exposed to the oxidizing agents (Fig. 6). Although peptide bond
cleavage can occur in oxidatively stressed proteins, there was no detectable protein fragment
for different oxidative time. The intensity of bands of oxidized WPI control with high molecular
mass between 97.2 and 200 kDa (band A) showed an increase compared with nonoxidized
control, but for WPI incorporated of BHA and ! -tocopherol prior to HRGS oxidation had no such
changes. The results were consistent with turbidity changes and showed that the exposure of
WPI to the oxidizing agents could cause the formation of protein aggregates. The presence of
BHA and ! -tocopherol in the WPI solution significantly limited the oxidation-induced protein
aggregates and structural changes, indicating that protein unfolding was suppressed. The
results also supported those from turbidity measurements. In the present study, the rapid
disappearance of sulfhydryls with increasing oxidant time contributed to the covalently bonded
protein aggregates observed in the SDSPPAGE patterns. Additionally, BHA and ! -tocopherol
could serve as a protective barrier against oxidation initiators and prevent the exposure of some
hydrophobic groups in WPI (Hirose & Miyashita 1999).

MW  Non-oxidation Control BHA a -Tocopherol

Oh 1h Sh 12h 1h 5h 12h 1h 5h 12h

Figure 6. SDS-PAGE pattern of WPI exposed to HRGS at 20 {C for 5 h. MV, molecular weight
of protein standard; The "non-oxidant", the sample without any oxidants and antioxidant; control,
oxidized WPI without antioxidant; BSA, bovine serum albumin; band A, dimer of " -lactoglobulin;
"-lg, " -lactoglobulin; ! -la, ! -lactalbumin.

Conclusion s

The results revealed remarkable susceptibility of WPI to hydroxyl radical oxidation, which was
evidenced by the loss of sulfihydryl groups and the formation of dityrosine and carbonyls. The
presence of BHA and ! -tocopherol reduced the susceptibility of whey protein to chemical and
structural alteration by FeCls/H,0, -catalyzed oxidizing systems. The effect of BHA and !-
tocopherol was attributed to their ability to prevent the production of oxidation initiators from
lipids and perhaps more directly, its radical scavenging activity in oxidizing system. Thus, BHA
and ! -tocopherol has the potential for use as an effective antioxidant additive for processed
dairy foods and dairy-containing foods.
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Abstract . lodine deficiency is a world public health problem influencing the human health of 135
countries and regions. Food iodine supplementation safety is a difficult problem troubling the iodine
nutrition industry for a long term. There are some defects of the inorganic iodine in the iodate, and
overdose will induce iodine goiter, which requires developing a new type of safe iodine
supplementation agent urgently. In order to study the safety of the kelp DIT ( 3, 5- diiodotyrosine) as
food iodine supplementation agent, taking the Babl/c mice as the test subjects separately lavaged with
kelp DIT and KlOs, the inorganic iodine supplementation agent, this paper is to study the acute toxicity
of kelp DIT, long-term accumulated toxicity of the high-dosage kelp DIT, and the influence of the
excessive DIT on thyroid.. The acute toxicity test result shows that:1) The LDsg of the kelp DIT is
>10000mg.bw, the LDsg of the Kl is 1230mg/kg.bw, and the LDsq of the KIO3zis 136mg/kg.bw; 2) No
mutagenesis effects on the myeloid cells of the mice; 3) No sperm malformation of the mice caused; 4)
No bacteria gene mutation effects induced. Chronic and accumulated toxicity test result shows that: 1)
Fed with inorganic iodine of over 40ug iodine/mouse! day in a long term, the weight growth of the
mouse is obviously decreased; the thyroid follicular cavity expands; the thyroid goiter is obvious, and
compared with the control groups, the differences are obvious, and p<0.05. Whereas, the mice fed
with kelp DIT iodine of over 40ug iodine/mouse! day have no obvious differences in weight growth and
thyroid weight from the control groups; 2) Fed with inorganic iodine 120ug iodine/mouse ! day in a long
term, the mouse has obvious thyroid goiter, and compared with the control groups, the differences are
extremely obvious, and p<0.01; whereas, the group of mice supplemented with the same dosage of
iodine and kelp DIT and the group of mice fed with inorganic iodine of 120ug /mouse ! day and
supplemented with kelp DIT at the same time have no differences in the thyroid weight from that of the
control groups, and P>0.05. Conclusion: kelp DIT is a kind of safe iodine supplementation agent that
will not induce iodine-induced goiter with excessive intake, and has good elimination effects on the
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iodine-induced goiter caused by excessive intake of inorganic iodine. Scientific iodine supplementation
can be realized by using kelp DIT as the food iodine supplementation agent.

Keywords Kelp, 3, 5- diiodotyrosine, Safe iodine supplementation, lodine deficiency disease
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Introduction

lodine is a kind of trace element necessary to people [1-3], and iodine deficiency is a world public
health problem influencing the human health of 135 countries and regions [4-6]. The history of
the prevention and cure of IDD by the iodate in the world has been over 70 years [7]. Although
the iodate plays an important role on the prevention and cure of IDD, it also brings about many
disputes. With the ups and downs of the disputes on the iodate for iodine supplementation, the
difficulties of iodine supplementation havenOt been settled, and scientific iodine supplementation
hasnOt been realized, either.

The focus of the disputes lies in the safe dosage problem of the iodate. There is no consensus in
international authorized organizations, and the data provided by different experts have Ogreat
differencesO. The iodine intake recommended standard made by WHO in 1996 is
150pg/day.person, and the warning line of iodine excess proposed in 2001 is that the urinary
iodine >300pg/L (equivalent to iodine intake of 450ug) [8]. In the same year, American Food &
Nutrition Association with the same authority set up the iodine intake upper limit of 1,100ug
[9-10]. In 2009, the iodine intake upper limit put forward by Western experts is 600-1,000ug.

The main reason for the chaos is that the selected inorganic iodine agent KIOzis unreasonable:
1) The toxic and side effect of KIO;3 is great with the LDsg of 136mg/kg.bw; 2) KIO3; can be
absorbed and used only when converted into Kl in the body, but the conversion rate is very low,
which is less than 50% [11], and the rest all exist in the body in the form of KIO; with high toxicity;
3) The absorbing and utilization rate of KIOz are affected by many factors such as individual
disparity, the geographical environment and the food structure; 4) The tolerances of the human
body for excessive iodine toxic adverse effects are affected by many factors such as individual
disparity and race gene disparity. Therefore, it is extremely difficult to find a proper dosage for
iodine supplementation by utilizing the inorganic iodate. It seems vital to actively find a new, safer
and more effective iodine source to be used as iodine supplementation agent for realizing safe
and effective iodine supplementation.

The study shows that kelp is the biont with the most iodine content in the earth [12-16], containing
two forms of iodine, namely, inorganic iodine and organic iodine, and the inorganic iodine is
mainly Kl, I, and a few KIO3z, and the organic iodine is mainly 3,5- diiodotyrosine (DIT), and a few
monoiodotyrosine (MIT) [17-18].

In 1922, Swingle discovered that the impacts of DIT on the metamorphosis process of tadpole
were far bigger than that of the inorganic iodine, and therefore, it is called as active iodine [19].

Based on long-term practice, this paper discovers that: 1. Residents in high-iodine water source
areas are susceptible to iodine goiter after drinking high-iodine groundwater; residents in coastal
cities eating kelp donOt get iodine goiter with the iodine intake of 100 times than that of the
residents in high-iodine water source areas; 2. It is easy to suffer toxic reactions such as nausea,
emesis, even shock and irritability to take iodized oil capsule. The iodine intake of the coastal
residents eating kelp is equivalent to taking 200 particles of iodized oil capsule annually without
any toxic reactions for thousands of years. During the three-year natural disaster period, even
though the residents in the Changdao County, Shandong Province almost took kelp as the main



food everyday, there were no toxic reactions occurred. 3. lodine-deficient goiter sufferers
congenitally allergic to the inorganic iodine can not take routine inorganic iodine agents to
supplement iodine, but can take kelp to cure goiter induced by iodine deficiency; 4. The urinary
iodine of the people taking KIO; iodate meet the standard, but the goiter rate is always high;
whereas, the urinary iodine of the residents in coastal cities is lower than the standard, but the
goiter rate is very low.

These facts enlighten us on further thoughts and bold speculation that: the organic iodine in kelp
is probably easier to be absorbed and utilized by the human body, is safer and more effective,
and is a kind of safe and effective iodine supplementation content. Therefore, studies on its
iodine supplementation safety are of vital significance for seeking new and scientific iodine
supplementation methods and realizing scientific iodine supplementation.

Materials and methods
Materials

Samples of kelp DIT: Provided by Biological Active Substances Laboratory of Qingdao
Agricultural University

Babl/c mice with the weights of 14 -16g taking from Beijing Laboratory Animal Breeding Center.
In the culture room with the temperature of 22-26 , the relative humidity of 40-60% and artificial
illumination of 12 hours, the animals are fed with general No. 1 feeding stuff.

TA97, TA98, TA100 and TA102 got from The Center of Disease Control and Prevention in
Shandong

Cyclophosphamide, histidine, biotin, KI, AR grade, mammal liver S9 enzyme and DMSO got from
The Center of Disease Control and Prevention in Shandong

LDsp test method

Mouse grouping method: 40 healthy Babl/c mice with equal numbers of male and female mice
and 16h fasting before the test, divided into 4 dosage groups at random, and lavaged
respectively with laminaria DIT of 1000, 2150, 4640 and 10000mg/kg.b.w; lavage with one-off
test substance, raise for 2 weeks, and observe the growth situation of the mice.

Calculation of LDsg: Adopt the Horn Method to calculate the LDs, of the sample.
Micronucleus test method

50 healthy Babl/c white mice divided into 5 male and female groups respectively at random with
each group of 10 mice, and the sample dosages are 1/2, 1/4,1/8 LDs,. Set up the negative control
groups (distilled water) and positive control groups (cyclophosphamide 150mg/kg), kill the mice
24h after the lavage, take the two-side thighbone myeloid materials for preparing slides, dyeing
and microscopic examination, and take down the micronucleus rate of each group.

Mice sperm malformation test method

50 healthy Babl/c white mice divided into 5 groups at random and lavaged with different dosages
for 5 days continuously, compared with the group injected with the mutagen of
cyclophosphamide in the abdominal cavity, kill the mice after 35 daysQaise, take the epididymis
preparing slides for observation, examine the intact sperms of 5,000 pieces under the oll
immersion lens, and calculate the malformation rate.



Ames test method

Adopt the dish penetration method that adding the test substances, test bacteria freshly
cultivated for overnight and the mammal liver S9 enzyme in the top agar added with histidine and
biotin, and mix them. Set up two control groups, namely, negative control group and positive
control group. The negative control is to add S9 enzyme without test substance or mutagen, but
add with solvent used for dissolving the test substance such as DMSO and water; the positive
control is to replace the test substance with the known mutagen and carcinogen without adding
S9 enzyme.

Study method of the impacts of  high -dosage KlIO; and kelp DIT on the mouse
thyroid

Divide 90 Babl/c mice into nine groups with equal numbers of male and female mice, and raise
the male and female mice in different cages. Make up four kinds of special iodine solution with
KIOS3:

A:iodine content of 20pg/ml; B: iodine content of 40ug/ml; C: iodine content of 60ug/ml; D: iodine
content of 120ug/ml;

Make up three kinds of special iodine solution with kelp DIT:
E: iodine content of 60pg/ml; F: iodine content of 100ug/ml; G: iodine content of 200ug/ml;

Every morning, lavage the animals of Group A to Group G with corresponding special iodine
solution of 1ml (converted into extra iodine intake of 20, 40, 60, 100ug iodine/ mouse aday
respectively), and lavage the animals of Control Group H with physiological saline of 1ml; lavage
the animals of Group | with special iodine solution D of 1ml everyday and special iodine solution
E of 0.5ml at the same time. Raise the animals for 6 months, observe and study the impacts of
KIO3 and laminaria DIT of different dosages on the thyroids of the mice.

Results and Discussions
Result of the kelp DIT LDsg

Lavaged and fed for 14 days, the mice grow well without any abnormal conditions or deaths. As
shown in Table 1, with the LDsg >10000mg/kg.bw, the kelp DIT is actually a kind of nontoxic
substance. However, with the LDg,=1230mg/kg.bw of the Kl and LDsy=136mg/kg.bw of KIO3in
the iodate, the toxicity of the two are further higher than that of the kelp DIT, especially that of
KlOs3, and according to the toxicity classification, KIOz; belongs to highly toxic substance.

Table 1 Result of the kelp DIT LDsg

Dosage (mg/kg.bw) Femal Male
e

10000 0/5 0/5
4640 0/5 0/5
2150 0/5 0/5
1000 0/5 0/5

Micronucleus test result



The test result is shown in Table 2. Seen from the test result, no matter for the male or female
mice, with the lavaged dosage of 1/8 LDsy!  1/2 LDsg, there are no obvious differences in the
numbers and rate of the MNC from the negative control group (P>0.05), and there are extremely
obvious differences in the positive control and the negative control (P <0.01). It shows that the
kelp DIT has no mutagenesis effects on the myeloid cells of the mice.

Table 2 Micronucleus Test Result

Animal gender Number of Test substance Number of Nu'r\'/ln,lgl((e:r of MR'\iaée g)/f
animal Dosage(mg/kg.bw) PCE (%)
10 Laminaria DIT 5000 5000 9.2+1.1 1.8+0.8
10 Laminaria DIT 2500 5000 8.0£1.3 1.6+0.6
Male inari
10 Laminaria DIT 1250 5000 7.2+0.9 1.4+0.4
Physiological saline
10 0 5000 8.3+1.4 1.6+0.3
10 Cyclophosphamide 150 5000 145.0+8.5 29.0+2.5*
10 Laminaria DIT 5000 5000 1.4+0.9 1.8+0.6
10 Laminaria DIT 2500 5000 8.3+0.7 1.4+1.0
Female inari
10 Laminaria DIT 1250 5000 8.5+1.6 1.6+0.7
Physiological saline
10 0 5000 9.7+2.0 1.8+0.5
10 Cyclophosphamide 150 5000 142.6+9.4 23.4+3.1*

Note: *Compared with the physiological saline groups (control groups), the differences are
extremely obvious, and P<0.01.

Mice sperm malformation test result

The mice sperm malformation test result can be seen in Table 3. Seeing from the result in the
table, compared with the negative control, there are no obvious differences in the sperm
malformation of the three test groups (P>0.05); there are extremely obvious differences in the
positive control and negative control (P<0.01). The test shows that this sample can not result in
the mice sperm malformation.

Table 3 Sperm Malformation Test Result

Dosage Number of Number of tested Number of sperm Sperm malformation rate (
animal sperm malformation a)
5000 10 5000 130+10 26.0+£0.0
2500 10 5000 128+9 25.6+0.0
1250 10 5000 131+13 26.2+0.0
Negative 10 5000 140+8 28.0+£0.0
control
Positive 10 5000 370+18 74.0+0.0*
control

Note: *Compared with the negative control, the differences are extremely obvious, and P<0.01.




Ames test result

The Ames test result can be seen in Table 4. Seen from the data in the table, within the scope of
50-1000pg/vessel, no matter when the in vitro activation system is added or not, there are no
increases in the number of revertant colonies induced by the four kinds of test strains, namely,
TA97, TA98, TA100 and TA102, and compared with the spontaneous revertants (mutagenesis
rate), and the quotients of revertant colonies are all <2.0, and therefore, the Ames test result is
negative, showing that under the test condition, this sample has no mutagenesis impacts of
inducing bacterial genes.

Table 4 Ames Test Result

Dosage TA97 TA98 TA100 TA102
(ug/vessel) -S9 +S9 -S89 +S9 -S9 +S9 -S9 +S9
50 127+ 12 160+ 10 466 487 1079 154+ 11 14113 163+ 9
100 146+ 10 1827 32¢4 594 1168 122+ 10 190+ 9 154 7
500 160+ 15 206+ 17 503 51.2 1065 1249 21111 195+ 5
1000 142+ 9 131+ 8 373 426 1154 128+ 8 217+ 9 2147
Spontaneous revertants 170« 11 178« 13 37«2 335 1365 1309 1875

223+ 9

Positive control 2100+ 35" 3100+ 44" 1410+ 18" 1160+ 17" 867+ 11" 1036+ 20 1200+ 28~ 1430+ 45~
NaN3 2-AF MMC 2-AF NaN3 2-AF MMC 2-AF

Note: * Compared with the spontaneous revertants, the differences are extremely obvious, and
P<0.01.

Chronic toxicity test result

General state: The animals of each group are normal in activities with normal sensitive reactions,
shiny fur color and normal eating and drinking situation, without abnormalities in excrement or
urine.

Animal autopsy situation: There are no abnormalities found in the actual organs such as heart,
liver, spleen, lung and kidney of the animals in each group (including the animals in the recovery
period) and the control groups.

Changing result of the animal thyroid tissue: Fed with inorganic iodine of over 40ug iodine/mouse
- day and compared with the control groups, the weight growth of the mouse is obviously
decreased, the thyroid follicular cavity expands, the thyroid goiter is obvious, and p<0.05. It tallies
with the studying structure of Fang Weitang. Compared with the control groups, the differences of
the thyroids of the mice supplemented with inorganic iodine of 120ug iodine/mouse - day are
extremely obvious, and p<0.01. Compared with the control groups, for the mice supplemented
with the laminaria DIT of the same dosage or even 120ug iodine/mouse - day, there are no
obvious differences in the weight growth, and the thyroid tissues are normal. Therefore,
compared with inorganic iodine, laminaria organic iodine is very safe for iodine supplementation.

Table 5 Relations between High Inorganic lodine and Mouse Weight and Thyroid Weight

Test item ControlgroupH A B C D




Daily iodine intake(ug/mouse) 0 20 40 60 120

Animal number(n) 10 10 10 10 10
Weight (g * s) 31.0° 6.5 29.0+7.4 26577 25171 246+ 4.1
Thyroid absolute weight (mg « s) 44428 460+3.40 7.18+268 10.64+6.09° 9.97+521"

Notes: * Compared with the control groups, the differences are obvious, and p<0.05; **

compared with the control groups, the differences are extremely obvious, and p<0.01.

Table 6 Relations between the High-dosage Laminaria DIT and Mouse Weight and Thyroid Weight

Test item Control group H E F G
Daily extra iodine 0 60 120 200
intake(ug/mouse) 10 10 10 10
Animal number n
31.0.65 32065 309+7.1 33073
Weight g+ s 44428 418300 3.99135 401217

Thyroid absolute weight mg-e s

Figure 1 Micrograph of High Inorganic Figure 2 Ultrastructure of High

lodine Group Mouse Thyroid (! 400) Inorganic lodine Group Mouse
Thyroid (! 10k)




Figure 3 Micrograph of High Laminaria Figure 4 Ultrastructure of High
lodine Mouse Thyroid (! 400) Laminaria lodine Mouse Thyroid
(! 10k)

Result of kelp DIT eliminating iodine -induced goiter caused by inorganic iodine

Lavaged with 120pg/mouseaday inorganic iodine and 30ug/ mouseaday kelp DIT, there are no
thyroid goiter phenomena, and compared with the control groups, there are no differences in the
thyroid weight, and P>0.05. It turns out that kelp DIT has good elimination effects on the
iodine-induced goiter caused by excessive dosage of inorganic iodine.

Table 7 Result of kelp DIT Eliminating lodine-Induced Goiter Caused
by Inorganic lodine

Test item Control group H D I
Daily iodine intake(pug/mouse) 0 120 120+30(laminaria DIT)
Animal number(n) 10 10 10
Weight (g * s) 31.0+ 6.5 246+ 4.1 32.1+ 3.9
Thyroid absolute weight (mg 4.4+ 28 9.97+5.21" 5021

S)

Note: * Compared with the control groups, the differences are obvious, and p<0.05; ** compared
with the control groups, the differences are extremely obvious, and p<0.01.

Figure 5 Pathological Examination Graph Figure 6 Ultrastructure of High KIO3
of High KIOz and Laminaria DIT Mouse and High Laminaria DIT Mouse Thyroid
Thyroid ( € 400) (! 10k)
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