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Comparison of the Concentrations of Phenolic Constituents in
Cane Sugar Manufacturing Products with Their Antioxidant
Activities
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Polyphenol content and free radical scavenging capacity of seven kinds of sugar manufacturing
products (A sugars, clear juices, syrups, massecuite, and A, B, and C molasses) were studied.
Seventy-two samples were collected at different stages of the process during two sugar harvests
from a local sugar factory (Bois-Rouge, La Réunion). The total phenolic content of sugar products
was determined according to the Folin—Ciocalteu assay. Polyphenols of sugar products were extracted
with ethyl acetate and quantified by LC-UV-ESI-MS during all of the process. ABTS and DPPH assays
were applied to aqueous solution of sugar products, which exhibited interesting free radical scavenging
activity. Comparatively, ethyl acetate extracts exhibited higher antioxidant activity. Multivariate analyses
(principal component analysis and canonical discriminant analysis) demonstrated a significant
correlation between polyphenols and antioxidant activity. Moreover, it was observed that the sugar
process results in an increase of the phenolic content and the free radical scavenging capacity of the
different products. These products and especially molasses proved to be a rich source of natural
antioxidants and may represent an interesting alternative to synthetic food antioxidants.

KEYWORDS: Sugar cane; free radical scavenging capacity; total phenolic content; phenolic acids; cane
sugar products; multivariate analysis

INTRODUCTION dealing with phenolic acids, polyphenols, and flavonoids in
sugar cane (10—12), phenolic compounds in liquid sugar from
cane molasses or in brown sugat8,(14), and antioxidative
phenolic compounds from a noncentrifuged sugar cab (n

a previous work, we have identified phenolic compounds in
several commercial cane brown sugars and assessed their free
radical scavenging activitied ). To the best of our knowledge,

the bioactive compounds from sugar products have not been
investigated yet.

The aim of this study was to investigate the free radical
scavenging capacity to 2;azinobis(3-ethylbenzothiazoline-6-
sulfonic acid) diammonium salt (ABTS) and 2,2-diphenyl-1-
picrylhydrazyl (DPPH) assays of sugar products collected at
different stages of the sugar process. The total phenolic content
of sugar products was determined, and polyphenol compounds
were identified by liquid chromatograpfynass spectrometry

Polyphenols including flavonoids and phenolic acids are
secondary metabolites that constitute one of the most widely
occurring groups of phytochemicals. These compounds have
considerable physiological and morphological roles in plants
(2). In addition, polyphenols exhibit many biological properties
such as anti-inflammatory, antiallergic, antibacterial, anti-
microbial, cardioprotective, and antioxidant activitie®). (
Moreover, they have been associated with health benefits
afforded by the consumption of fruits and vegetabl8%. (
Recently, more attention has been paid to their possible role in
the prevention of several chronic diseases involving oxidative
stress (4—6).

Food-processing products derived from plants and fruits are
valuable natural sources of bioactive compounds including

phenolic compounds/(8). Numerous studies have been devoted (LC-MS) in all of the studied fractions. Multivariate analyses

to the bioactive capacity of agricultural byproducts (rice hulls, .
almond hulls, citrus peels and seed residue, apple peels, olivevere applied to all of the results to compare all of the samples

mill wastes, wine industry byproducts, etc.), in particular, to and find the most relevant product in terms of bioactive
find some alternatives to synthetic food antioxidants (9). Cane compounds.

sugar products may contain polyphenols as is the case for other
fruits and plants. This assumption arose from previous studies MATERIALS AND METHODS

Materials. Seventy-two samples of cane sugar products obtained

* Author to whom correspondence should be addressed [telephone (00)from a local sugar factory (Bois-Rouge, La Réunion, France) were
262 93 81 94; fax (00) 262 93 81 83; e-mail bpayet@univ-reunion.fr]. collected during two harvests. Samples were taken at different stages
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of the sugar manufacturing process, which essentially consists of the
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LC-MS Analysis. The polyphenol analysis was performed according

separation of pure sucrose from the other materials of the sugar caneto the Sakakibara procedure (19) with slight modifications. The LC

(17). The ground canes are treated by diffusion of hot watef (§50

system employed was an Agilent CPL/SM 1100 series (Massy, France)

produce the “raw juice”. The latter is then subjected to several chemical equipped with LC-MSD chemstation software, degasser G1322A, binary
treatments and filtrations (“carbonatation” in the presence of lime and pump G1312A, autosampler G1313A, thermostated column oven

carbon dioxide, “sulfitation” with sulfur dioxide, and clarification by
the addition of flocculents) to eliminate all impurities such as proteins,
polysaccharides, and high molecular weight and color-forming com-
pounds, thus leading to the “clear juice”(205% of dry content).

G1316A, diode array detection system G1315B to monitor at all
wavelengths from 200 to 400 nm, and MSD/VL mass spectrometer
with electrospray source. LiChrospher 100 RP-18 column (2506

mm i.d., S-5, 5um; Merck Darmstat, Germany) joined with a guard

Boiling the clear juice by heat exchange in evaporators results in a column LichroCART 4-4 (Merck, Darmstadt, Germany) was used at

highly concentrated juice (65—70% of dry content) called the “syrup”.

35 °C. Gradient elution was performed with solution A (93% water at

Sucrose crystallization is then achieved by concentration of the syrup 0.1% acetic acid, pH 3:37% methanol) and solution B (70% methanol)
under vacuum to afford the “massecuite” (mixture of sucrose and highly delivered at a flow rate of 1.0 mL/min as follows: initially 100% of
concentrated syrup called molasses). A sursaturation state is maintainedolution A; for the next 15 min, 70% A, for another 30 min, 65% A;
by the addition of seed crystals and sugar materials to the massecuitefor another 20 min, 60% A, for another 5 min, 5% A; and finally 0%
Sucrose is separated from molasses by centrifugation and dried to giveA for 25 min. The electrospray mass spectrometer conditions were as

commercial raw sugar. Crystallization, centrifugation, and drying are

follows: negative ion mode, fragmentor voltage, 70 V; capillary voltage,

repeated three times (cycles A, B, and C) to extract all of the sucrose 4000 V; drying gas (nitrogen), flow, 11 mL/min; nebulizer pressure,
from the molasses. A mixture of B and C sugars and C molasses 60 psig; drying gas temperature, 350; mode scan, 50—400 uma.

constitutes the sugar materials added to A massecuite.

The volume injected was 140L.

Seven classes of cane sugar manufacturing products (72 samples) For the polyphenol analysis, a library including 65 phenolic acids,

were studied: clear juices (CJ), syrups (SI), A massecuite (MC), A, B,
and C molasses (AM, BM, and CM, respectively), and A sugars (AS).

catechins, flavonoids, and simple polyphenols was first built up with
retention times and UV-DAD spectra of aglycons. Besides, a calibration

Total soluble solids of samples were characterized by means of a table was constructed: response factor was calculated for each reference

handheld refractometer (Atago DR Al) to determine the dry matter.

Chemicals.All of the solvents used were of high-performance liquid
chromatography (HPLC) grade, and water was supplied by a Milli-Q
water purification system from Millipore (Bedford, MA). ABTS, DPPH,
Folin—Ciocalteu phenol reagent, gallic acid, 6-hydroxy-2,5,7,8-tetra-
methylchroman-2-carboxylic acid (Troloxp-hydroxybenzoic acid,
vanillic acid, homovanillic acid, vanillinp-coumaric acid, aceto-
syringone, ferulic acid, quercetin, apigenin, flavone, and kaempferol
were purchased from Fluka (St Quentin Fallavier, France). Syringic
acid, benzoic acid, coniferyl alcohoktf-catechin, {)-epicatechin,
rutin, luteolin, 3-hydroxyflavone, 4-formylbenzoic acid methyl ester,

sodium carbonate, sodium sulfate, and potassium persulfate were

obtained from Sigma-Aldrich (St Quentin Fallavier, France). All other
chemicals and reagents were of analytical grade.

Extraction Procedure. A solution of sugar products (0.3 g) in 2
mL of ethyl acetate was extracted with sodium hydroxide solution (2
x 1 mL; 10%, w/w) using Vortex mixing (Heidolph Top-Mix 94323,
Schwabach, Germany) and centrifugation (4000 rpm, 5 min; Bioblock
Scientific 55702, lllirch, France). The pH of the resulting aqueous layer

was adjusted to 4 by the addition of 5 N hydrochloric acid and extracted

with ethyl acetate (3« 2 mL). The combined organic layer was dried
over anhydrous sodium sulfate and concentrated@® mL using a
rotary evaporator (483C, 90 mbar; Laborota 4003 control, Heidolph,
Schwabach, Germany). Ten microliters of 4-formylbenzoic acid methyl

ester (3 mg/mL) was added as internal standard, and the volume wa

reduced to 0.5 mL with ethyl acetate.
All extractions were triplicated.
Spectroscopic Instrumentation.Assays were performed on 96-well

microtiter plates (Nunc), and absorbance was measured with a Biotek

Powerwave XS microplate reader (Winooski, VT). A Shimadzu

S,

compound (concentration range 100—1000umol.L™?) at a specific
determination wavelength (250, 280, 320, or 370 nm depending on
the compound class of polyphenol). The mass spectrum of each
reference compound was also recorded and used to confirm identi-
fication. The internal standard was 4-formylbenzoic acid methyl ester
(180umol L™1). The sugar product extracts were analyzed according
to the above procedure. The polyphenols were identified on the
basis of their retention times, UV-DAD spectra, and electrospray mass
spectra and then quantified according to the calibration table using the
equation

Ci = (AJAS) x RF x Cy

whereC; is the concentratiorufnol L~1) of compound, A is the peak
area of compound RF is the response factor of compoundCs is
the concentrationgmol L™1) of the internal standard, and; is the
area of the internal standard peak.

DPPH Radical Cation Decolorization Assay.The DPPH assay
was used to measure the free radical scavenging capacity of sugar
product aqueous solutions and their corresponding ethyl acetate extracts.
DPPH offers a convenient and accurate method for titrating oxidizable
groups of both natural and synthetic antioxidad; 20). Two hundred
and eighty microliters of 0.004% DPPHnethanolic solution was
pipetted into each well of a 96-well plate followed by 20 of sample
or Trolox (solvent for the blank). The mixture was incubated atG0»
and absorbance was measured at 515 nm with a microplate reader after
60 min for diluted samples and every minute during 1 h for ethyl acetate
extracts. The inhibition percentage of the radical scavenging activity
was calculated using the equation

inhibition (%)= 100— 100 x (Ag+ A,)

Pharmaspec UV-1700 spectrophotometer (Kyoto, Japan) was also used

for the measurement of larger solutions.

Total Polyphenol Content. Estimation of the total polyphenol
content of the sugar products was performed according to the-Folin
Ciocalteu method1@8). Thirty microliters of sample and 15@L of
Folin—Ciocalteu reagent diluted 10 times with water were first pipetted
into each well of a 96-well plate. Between 1 and 8 min, 1200f
7.5% in water NgCO; (w/w) must be added. The plate was placed in
the reader and incubatedrf@ h at 30°C, and the absorbance was

whereA, is the absorbance of the blank aAdis the absorbance of
the sample at 515 nm.

The radical scavenging activity was also expressed in termssgf IC
(concentration that provides 50% inhibition)t@sso (time necessary to
reach 50% inhibition).

All assays were conducted in triplicate.

ABTS Radical Cation Decolorization Assay ABTS** reagent was
generated through a chemical oxidation reaction with potassium

measured at 765 nm. A blank measure, for which the sample was persulfate as described by Re et 46,21). The concentration of the
replaced by water, was subtracted from the absorbance at 765 nm.blue-green ABTS radical solution was adjusted with methanol to an
Quantification was obtained by reporting the absorbance in the absorbance of 0.70& 0.020 (meant SD) at 734 nm. To 28@.L

calibration curve of gallic acid used as standard pheric(0.9962).

of this solution of ABTS" was added 2@L of sample or Trolox or

The results were expressed in grams of gallic acid equivalent per solvent upon a 96-well plate. The mixture was incubated for 5 min

kilogram of sample (GAE/kg of sample). All assays were conducted
in triplicate.

at 30 °C, and absorbance was measured at 734 nm using a micro-
plate reader. The inhibition percentage of the radical scavenging activity
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Table 1. Total Polyphenol Content of Cane Sugar Manufacturing strongly involved in the formation of this colo2®). However,
Products these values obtained with the Foli€iocalteu assay were
certainly overestimated due to the presence of sucrose, glucose,
sample GAE® sample GAE? fructose, and Maillard reaction compounds in the sugar products,
clear juices 5,52+ 0.40 A molasses 13.88 +1.08 which may interfere with the test by enhancing the development
syrups 4.40 f 833 (B: mO'IaSSGS g?g‘l‘ f iég of the blue color 16, 18).
Eiﬁsgzcrglte 8;28;0:25 olasses T Identification of Polyphenolic Compounds by LC-MS.
Polyphenols from the sugar product extracts were identified and
a Grams of gallic acid equivalent per kilogram of dry content of sample, means quantified using HPLC with a photodiode array detector coupled
+SD (n = 6). with a mass spectrometer, according to the reported procedure
(19). The 65 phenolic acids, catechins, flavonoids, and simple
was calculated using the equation phenols of the library were searched for in the extracts. This
S method allowed simultaneous detection of many classes of
inhibition (%) = 100 — 100 x (As + Ag) polyphenols, but in our case phenolic acids were the major

components of the extract3dble 2). Indeed, vanillin, four
derivatives of hydroxycinnamic acid, and five derivatives of

! . . . hydroxybenzoic acid were identified and quantified. However,
For diluted samples, the radical scavenging activity was expressed : : .
in terms of 1G. catechins and flavonoids were not found in the extracts.

The ABTS" radical solution was prepared daily, and all analyses Interestingly, B and C molasses exhibited the highest polyphenol
were made in triplicate. content (_>1 o/kg o_f dry content). For all sugar products,

Statistical Analysis.Data are reported as meanstandard deviation ~ p-coumaric and ferulic acids were the preponderant compounds.
(SD) of triplicate determinations. The statistical analyses were carried The latter, which are native to the cane plant and result from
out using the Microsoft_ExceI soft_wgre package (Microsoft Qorp.) and the degradation of lignin and hemicellulose materials, are also
XLSTAT add-on (Addinsoft). Principal component analysis (PCA) the major polyphenols of sugar cane rootd)(and bagasse
based on the Pearson correlation matrix was applied to the analytical(Nl_z%) (23). Chlorogenic acid, involved in the enzymatic
data (total polyphenol content, polyphenol concentrations determined browning of cane juice24), was detected in molasses. It is
by LC-MS, and ABTS and DPPH free radical scavenging activity) to noteworthy that contents of hydroxybenzoic acid derivatives
find the relationships between the different analytical methods and to . . .

increased during the sugar process. This was probably due to

point out the differences among sugar products. The two principal . . . . S
components with greatest eigenvalues were selected. Canonical disih€ degradation of the hydroxycinnamic acid derivatives as

criminant analysis (CDA) was performed with sugar product types as indicated by the presence of benzoic acid from the crystallization
dependent variable and total polyphenol content, concentrations of Step. In conclusion, the sugar process results in an increase of
vanillin, protocatechuic, syringigy-coumaric acids, and ABTS and  phenolic compound contents in its products.

where A, is the absorbance of the blank aAdis the absorbance of
the sample at 734 nm.

DPPH free radical scavenging activities as explanatory variables. Free Radical Scavenging AssaysAntioxidant activities
assays were performed on sugar manufacturing products in
RESULTS AND DISCUSSION aqueous solution and on their ethyl acetate extracts.
Total Polyphenol Content. The total phenolic contents of DPPH AssayConcentration response curves of two standard

the sugar manufacturing products were determined accordingantioxidants, Trolox and ascorbic acid, were obtained. Trolox
to the Folin-Ciocalteu method, which proved to be a con- had an IGy of 4.02 mg/kg (final concentrations ranging from
venient, simple, and rapid method for the estimation of total 1.25 to 7.5 mg/kgr2 = 0.9789). The 1G, of ascorbic acid was
phenolic content of various samples8f. The total phenolic ~ 5.31 mg/kg (final concentrations ranging from 1 to 10 mg/kg,
content of sugar products ranged from 0.7 GAE/kg of dry r2 = 0.9891). Free radical scavenging responses to DPPH of
content for A sugars to 27.21 GAE/kg of dry content for C aqueous solutions of sugar products and their ethyl acetate
molasses (Table 1). Relating to dry matter, C molasses extracts are listed ifiable 3. Clear juices and A sugars showed
contained~2 times more polyphenols than A molasses} the weakest activities (g of 7633 and 8626 mg/kg). In
times more than massecuitef times more than syrups, and contrast, C molasses were the most active sample (60 mg of C
~5 times more than clear juices. It is noteworthy that very high molasses is equivalent to 1.33 mg of Trolox or 1 mg of ascorbic
polyphenol contents were observed for sugar products becausecid with regard to inhibition of DPPH oxidation). Sugar product
they are highly colored materials and phenolic compounds are extracts strongly inhibited DPPH oxidatior 90% att = 60

Table 2. Contents of Polyphenolic Constituents by LC-MS of Cane Sugar Products?

compound P (min) clear juices syrups massecuite A molasses B molasses C molasses A sugars
protocatechuic acid 8.87 6.3 8.5 19.4 429 712 102.3 0.4
p-hydroxybenzoic acid 12.90 15.8 16.4 27.6 45.1 68.3 107.9
chlorogenic acid 14.80 8.1 13.1 14.3
vanillic acid 16.41 2.2 75 7.1 26.1 418
caffeic acid 16.79 8.3 57.0 25.2 82.1 1477 88.3 0.6
syringic acid 18.36 5.0 11.1 13.5 377 54.8 70.8
vanillin 19.4 8.1 10.3 14.5 33.1 44.2 46.3
p-coumaric acid 22.86 135.8 140.9 1447 289.1 424.6 423.1 10.2
ferulic acid 26.24 69.8 1144 71.3 168.4 255.1 169.5 11.2
benzoic acid 28.40 21 478 128.4 711
total 249.2 360.9 325.6 761.4 1233.4 11355 224

aExpressed in milligrams per kilogram of dry content of sample, means (n = 3). Standard deviation was always <10%. b Retention time of the compounds expressed
in minutes.
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Table 3. Free Radical Scavenging Activity of Cane Sugar Products and Their Extracts

diluted samples ethyl acetate extracts
ABTS assay DPPH assay ABTS assay DPPH assay
ICs0? ICs0? % inhibition? % inhibition¢ (t = 0 min) % inhibition? (t = 60 min) ficso® (Min)
clear juices 4202 + 397 7633 + 450 12.8+5.8 98+53 51.3+£9.7 >60
syrups 782 + 60 1080 + 101 474+£7.0 23.6£3.7 93.0+£0.8 3.97
massecuite 319+29 466 + 27 60.1+5.9 36.9+5.0 93.3+0.3 1.92
A molasses 308 +29 418 £ 45 75.4£8.0 39.6 £6.7 94.1+£05 1.47
B molasses 211+13 289+ 34 88.3+5.1 55.5+8.6 945+0.7 0.24
C molasses 151+£21 234 £27 89.0+4.9 56.7+6.5 948+1.2 0.12
A sugars 6498 + 349 8626 + 453 80+34 58+28 253+£25 >60

a Concentration in milligrams of sugar products per kilogram of aqueous solution providing 50% inhibition. Mean + SD (n = 3 for each sample). ? Percent inhibition of
ethyl acetate extract diluted tenfold. Mean + SD (n = 3 for each sample). ¢ Percent inhibition of ethyl acetate extract at t = 0 min, i.e., when the sample was added. Mean
+ SD (n = 3 for each sample). ¢ Percent inhibition of ethyl acetate extract at t = 60 min. Mean + SD (n = 3 for each sample). € Time to reach 50% inhibition.
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Figure 1. PCA of analytical data: biplot showing the projection of sugar products and variables onto the plane defined by the two principal components.

min) apart from A sugars and clear juices. Because antioxidantwhereas the other sugar products showed greater activities. C
compounds react at different kinetic rates with DPPH radical molasses showed the strongest inhibition of ABTS oxidation
(25), inhibition of DPPH oxidation when the sample was added (ICsp = 151 mg/kg), and 75 mg of C molasses is equivalent to
(t = 0 min) and the time necessary to reach 50% inhibition 1.5 mg of Trolox or 1 mg of ascorbic acid. Ethyl acetate extracts
were measured to differentiate sugar product extracts. Thus, weof sugar products (diluted 10-fold) showed higher activities, in
observed that extracts of B and C molasses reacted very quicklyparticular for B and C molasses, which inhibited ABTS
with DPPH radical ficso = 0.24 and 0.12 min, respectively), oxidation by 90%. A molasses, syrups, and massecuite extracts
whereas inhibition of DPPH by extracts of A molasses, exhibited moderate activity. Clear juices and A sugars extracts
massecuite, and syrups were slower but complete after 60 min.had no relevant free radical activity.

Clear juices extracts exhibited DPPH oxidation by 51.3% after  Finally, ABTS and DPPH free radical scavenging capacities
60 min and A sugars by only 25.3%. of sugar manufacturing products increased during the sugar
ABTS AssayConcentration response curves of two standard process, from clear juices that exhibited weak activities to C

antioxidants, Trolox and ascorbic acid, were obtained. Trolox molasses which were more active.

had an 1@y of 2.80 mg/kg (final concentrations ranging from Principal Component Analysis. A PCA was performed on

0.5 to 5 mg/kg,r?2 = 0.9871). The |G of ascorbic acid was  analytical data. The two principal components with greatest
2.05 mg/kg (final concentrations ranging from 1 to 5 mg#tkg, eigenvalues accounted for 80.1% of the variarféigure 1

= 0.9987). Aqueous solutions of sugar products exhibited weak shows the projection of the 72 products and the variables (except
to moderate free radical scavenging capacity (Table 3). Clear for LC-MS polyphenol concentrations for clarity’s sake) in the
juices and A sugars had very highsiOralues (respectively, plane defined by the two principal components. PCA led to five
4202 and 6498 mg/kg), thus corresponding to weak activities, differentiated groups of sugar products. A sugars clustered
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obtained by Folin-€iocalteu assay were significantly correlated
with total polyphenols determined by LC-MS of the extracts
(0.852; p < 0.05) despite the interferences with the Folin

Table 4. Correlation Coefficients (p < 0.05) between Antioxidant Tests
and Total Phenolic Contents?

method A B ¢ D E F method. The correlation between the total polyphenol contents
A: Folin 1 0852 -0563 0584 0.861 0.865 and antioxidant activity of the extracts were acceptable (up to
B: LC-MS 1 -0554 0575 0869 0831 0.869 atp < 0.05 between ABTS assay and total polyphenol
C: ABTS Sa 1 0969 -0.754  -0.683 d ined by LC-MS | Thi It indi d th
D DPPH Sa 1 0780 0711 etermined by LC- analyses). This result indicated that
E: ABTS Ex 1 0920 phenolic compounds were strongly involved in the free radical
F: DPPH Ex 1 scavenging capacity of sugar product extracts. However, anti-

oxidant assays applied to diluted samples in aqueous solution
were not correlated to the activity of the extracts, therefore
indicating the contribution of other compounds to the free radical
scavenging activity of the sugar product agueous solutions. It
is known that Maillard reaction products are formed during the
sugar process and may exhibit antioxidant activa§)( it would
together, similarly to clear juices, syrups, and massecuite. A, be therefore interesting to study their contribution to the sugar
B, and C molasses were not totally differentiated and constituted product activity. Finally, protocatechuic, syringic, anu
the last group. Aqueous solutions of A sugars and clear juices coumaric acids and vanillin concentrations were significantly
were characterized by high dgvalues (variables ABTS Sa and  correlated with the antioxidant activity of the extracts0(8; p
DPPH Sa), and their weak activity clearly differentiates them < 0.05 data not shown). These antioxidant compouB@s28)
from the other sugar products. The first principal component, may represent markers for sugar product free radical scavenging
accounting for 71.0% of the variance, was highly correlated activity.
with polyphenol content (Folin assay and total polyphenol  Canonical Discriminant Analysis. Several parameters could
identified by LC-MS) and free radical scavenging activity of influence the phenolic composition of sugar products because
ethyl acetate extracts. Distribution of the different groups along cane juice polyphenol content could be modified by the cane
the first principal component established a strong correlation varieties, the maturity of the cane plant at harvest time, the
between the increase of polyphenol content of sugar productsamount of leaves crushed with the cane, and environmental
and the antioxidant activity during the sugar process. factors such as weather conditions or infestation of the plant
Table 4 presents the correlation coefficients between anti- by pests (1129). In addition, most phenolic compounds native
oxidant activity and total phenolic contents obtained from the to the cane plant are removed during sugar processing, in
Pearson correlation matrix. The expression of sugar productparticular during the clarification and carbonatation steps, but

@Methods: A, total phenolic content of the sugar products; B, sum of all
compounds identified by LC-MS in the extracts; C, ABTS assay on diluted samples;
D, DPPH assay on diluted samples; E, ABTS activities of the extracts; F, DPPH
activities of the extracts at t = 0 min.

aqueous solutions activity in Kgled to negative correlation
with the other methods (high kg corresponding to weak

these operations are not totally effectivi). Similarly, high-
pressure and temperature conditions during the process could

activity). ABTS and DPPH assays were significantly correlated modify polyphenol nature and content. Thus, valorization of

concerning the ethyl acetate extracts (0.926; 0.05) and the
diluted samples (0.969 < 0.05). Total phenolic contents

sugar products through their bioactive compounds requires
homogeneity in terms of polyphenol content and free radical
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Figure 2. Discriminant plot of the sugar products.
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Table 5. Classification of Sugar Products from Discriminant Analysis

correct? otherb %°
clear juices 8 0 100.0
syrups 14 1(CM™) 93.3
massecuite 8 0 100.0
A molasses 14 0 100.0
B molasses 10 1(MC) 90.9
C molasses 12 0 100.0
A sugars 3 1(CJ) 75.0
total 69 3 95.8

aNumber of samples correctly classified. ® Number of samples incorrectly
classified. ¢ Success rate.

scavenging capacity. For this purpose, the variability in
polyphenol content and relative antioxidant activity of each kind
of product was studied by a CDA because PCA is not
appropriate to quantitative differentiation. CDA was used to
classify sugar products on the basis of their total polyphenol
contents, antioxidant activities, and concentrations of the most
significant phenolic compounds (protocatechuic, syringic, and
p-coumaric acids and vanillin). Sugar product type was used
as grouping variable. The scatter plot of the two discriminant
functions is presented irFigure 2. These two functions
explained 98.7% of the variance. Projection of sugar products
in the plane defined by these two functions led to a clear
differentiation of each product type except for A sugars and
clear juices, which clustered together. Moreover, classification
of samples by comparison with the predefined sugar types
provided a success rate of 95.8%able 5). Only 3 of the 72

samples were incorrectly assigned. These results showed a great

homogeneity of each product of sugar manufacturing process
concerning the polyphenol contents and their relative antioxidant
activities.

Finally, sugar products, which are produced on a large scale,
appeared to be a rich source of natural antioxidants, particularly

the molasses. This study showed that the polyphenol contents

increase along with the antioxidant activity throughout process-
ing. B and C molasses were the products with the strong
polyphenol content and relative free radical scavenging capacity.
Polyphenols were naturally higher in the molasses samples,
because the molasses is where the nonsugars concenifaltes

1 and2 show that there is not much significant change of the
polyphenol content from clear juice through syrup to massecuite,
reflecting the original amount present in the clear juice. The

slight increases in the massecuite could be due to the interfering

effect of Maillard reaction products; there is also the possibility
of some phenolic groups, especially ferulic acid and vanillin,
which could be hydrolyzed off the indigenous soluble cell wall
polysaccharides naturally present in the cane juice. The very
low level of polyphenols in raw sugar (A sugar) is a reflection
of the purification process caused by crystallization, whereas
the “impurities” went into the molasses. However, it is also
likely that a fair amount of antioxidant activity may be caused
by the large increase in colorant that is experienced throughout
the process. The weak antioxidant activity of cane brown sugars
(16) results obviously from the residual thin film of molasses
coating on the sugar crystal. This study clearly established the
possible valorization of cane sugar products as an alternative
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diode array detector; DPPH, 2,2-diphenyl-1-picrylhydrazyl; ESI,
electrospray; GAE, gallic acid equivalent; GC-MS, gas chro-
matography coupled to a mass spectrometey, Kdncentration
providing 50% inhibition of free radical; LC-MS, liquid
chromatography coupled to a mass spectrometer; PCA, principal
component analysis.
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