IO

@)
SCli

Published online in Wiley Online Library: 28 January 2019

Research Article

Received: 20 June 2018 Revised: 16 October 2018 Accepted article published: 22 October 2018

(wileyonlinelibrary.com) DOI 10.1002/jsfa.9437

Effect of carob variety and roasting on the
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Abstract

BACKGROUND: The production of the traditional carob liquor from Algarve (Portugal) depends on numerous factors such
as carob processing, variety and maceration conditions. An experimental design with 36 runs was created to evaluate the effect
of the roasting temperature, particle size, variety of carob and time of maceration on several parameters of carob liquors as gallic
acid and total phenolic content, the furanic composition (furfural and 5-(hydroxymethyl)furfural), browning index and in vitro
antioxidant capacity.

RESULTS: The results revealed that carob variety was the independent variable with the greatest effect on antioxidant capacity,
total phenolic and gallic acid content. In particular, AIDA liquors presented the highest results, mainly those prepared
with unroasted carob. Meanwhile, Galhosa and Mulata liquors showed the greatest concentrations when the carob pulp was
roasted at 150 °C. The furanic composition and browning index were greatly influenced by the carob roasting degree.

CONCLUSION: The levels of the main toxic furanics present in carob liquors, furfural and 5-(hydroxymethyl)furfural, suggest a
safe consumption of these beverages even in samples of carobs with the maximum roasting degree. The smallest carob particle
size favoured the highest phenolic extraction, while the longest maceration periods decreased the concentration of the toxic

furanic compounds studied.
© 2018 Society of Chemical Industry

Supporting information may be found in the online version of this article.

Keywords: Ceratonia siliqua L.; maceration; roasting; phenolic compounds; furanic compounds; antioxidant capacity
|

INTRODUCTION

Ceratonia siliqua L. is an evergreen tree widely cultivated in the
whole Mediterranean basin and other Mediterranean-like regions.
According to Food and Agriculture Organization of the United
Nations statistics, since 2013 Portugal has positioned as the world
leader in carob pod production (about 25% of total world produc-
tion), the bean-like fruit of the C. siliqua.’

The carob fruit contains two major parts: the pulp (90%) and the
seeds (10%).2 Carob pulp is considered a by-product of the seed
industry and is commercialized in kibbles or powder (both roasted
or unroasted).3~> This part of the fruit has been widely used in the
past as human food in times of scarcity or famine and in the diet of
farm animals.® Nowadays, global demand for natural and healthy
foodsis helping to drive a resurgence in carob consumption. Carob
pulp is used as a cocoa replacer because of its similar aroma and
the fact that it is caffeine and theobromine-free. In addition to
these characteristics, the nutritional components such as impor-
tantamino acids (aspartic and glutamic acids, alanine, leucine, etc),
minerals (K, Ca, Na and Fe)” and vitamins (B3, B6, B9, C, D and
E),2 and other components as high levels of dietary fiber, pheno-
lics (gallic acid (GA) as the major constituent)® and sugars (mostly
sucrose),'® make carob pulp an important component in different
food preparations. Those include the elaboration of carob liqueurs

in different countries comprising the main carob world produc-
ers e.g. licor de alfarroba (Portugal), licor de algarrobo (Spain) and
liquore di carrubo (Italy).2'" This type of liqueur occupies the top
of production in Algarve, the largest carob producing region in
Portugal.’?

The phenolic and antioxidant capacity of carob products depend
mainly on the carob variety and technological factors associated
to carob pulp processing.'® The carob roasting is a crucial factor
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and many chemical reactions occur during this process. On one
side, sugar caramelisation and Maillard reaction favour the pro-
duction of furans, esters and pyrroles that recall the aroma of
cocoa.'* On the other hand, the release of phenolics takes place
through the ruptured of high-molecular complexes from carob
matrix or the partially degradation of phenolics which results in
the production of different types of antioxidant molecules.’>
The products of these chemical reactions, such as phenolic com-
pounds and Maillard Reaction Products (MRPs), contribute to the
antioxidant capacity and for the beneficial health properties of
carob products. However, some intermediates of the Maillard reac-
tion, such as 5-(hydroxymethyl)furfural (HMF) and furfural (F), have
toxic effects. > Although currently there are no legal limits estab-
lished in liqueurs for both compounds, they do exist in other
foods. According to the Brazilian legislation, the maximum level of
F + HMF allowed in cachacas is 5 mg hL™" of anhydrous alcohol,"”
and in the particular case of concentrated rectified grape must, EC
Regulation No. 1493/99 sets a limit of 25 mg kg~ of total sugars for
HMF.®

To date, several phenolic and/or antioxidant capacity studies
have been done on carob pulp products from different countries:
methanolic extracts from Portuguese varietal carobs including
Aida, Galhosa and Mulata,"® mixture of Mulata and Galhosa super-
critical carbon dioxide, ultrasound and conventional extracts;>'®
roasted and unroasted Turkish carob extracts;”'® insoluble and
soluble roasted Croatian carob fractions after gastrointestinal
digestion;'> Greek carob pod crudes;?° extracts from German com-
mercial carob products;® Lebanese carob-based milk beverage
using roasted and unroasted carob from varietal carob pods? and
methanol:acetone:water (30:30:40 v/v/v) extracts from Polish pow-
dered carob pasta or carob flour."" However, information on the
factors which are likely to affect the liquor elaboration process is
still missing. The objective of this study was to investigate the influ-
ence of carob pretreatment and maceration periods used in liquor
elaboration on the phenolic and furanic composition, antioxidant
properties and browning index of carob liquors using an experi-
mental design, as well as optimizing the experimental conditions
that results in the highest antioxidant activity and phenolic con-
centration with the minimum furanic content.

MATERIALS AND METHODS
Materials
Ethanol, trichloroacetic acid (TCA), ascorbic acid, ABTS

(2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammo-
nium salt) tablets, potassium persulfate (K,S,04) and tyrosol
(2-(4-hydroxyphenyl)ethanol) were supplied by Sigma-Aldrich
(Poole, UK). Folin-Ciocalteu’s phenol reagent (FC reagent),
sodium carbonate anhydrous (Na,CO;) and ferric chloride
(FeCl;) were acquired from VWR (Leuven, Belgium). Potas-
sium ferricyanide [K;(Fe(CN)y)], trolox [(+)-6-hydroxy-2,5,
7,8-tetramethylchromane-2-carboxylic acid], 5-(hydroxymethyl)
furfural and furfural were purchased from Acros organics
(Geel, Belgium). Sodium di-hydrogen phosphate monohydrate,
di-sodium hydrogen phosphate anhydrous and sodium chloride
anhydrous were acquired from Panreac (Barcelona, Spain). Gallic
acid (GA) was supplied by Fluka (Switzerland).

Commercial and experimental carob samples and fig spirit
Authenticated varietal carob pods

The main Ceratonia siliqua L. varieties grown in Portugal, Galhosa,
Mulata and AIDA, were selected to carried out the experiments.

These fruits were collected between August and September
of 2016 from a germplasm repository in Tavira (DRAP Algarve,
Portugal).

Carob pod processing: roasted and unroasted carob kibbles

and powder

Carob kibbles were prepared by splitting and separating the seeds
from the pods. Carob kibbles, 240 g, were roasted for 40 min in an
air forced draft oven at two different temperatures, 120 and 150 °C,
while 120g remained unroasted. These roasting temperatures
were selected for being used in conventional roasting.’>'® Further-
more, half of the roasted (120 g) and unroasted (60 g) kibbles were
crushed and sieved until all of the powder passed through the
0.212 mm sieve.

Commercial carob powder

A commercial roasted carob flour produced from plurivarietal
Ceratonia siliqua L. fruits was provided by Industrial Farense LDA
(Faro, Portugal), and was used as a control sample.

Fig spirit

Fig spirit (45% v/v), purchased from Santa Catarina Cooperative
(Fonte do Bispo, Portugal), was used in the maceration experi-
ments as extractant.

Production of carob liquor by maceration

For the preparation of the experimental design, 36 experiments
(Table 1), a total of 360g of carob pulp of two different par-
ticles sizes (kibbles and flour), three different roasting degrees
(unroasted, and roasted at 120, and 150 °C), and three different
carob varieties (AIDA, Galhosa and Mulata) were mixed in a pro-
portion of 5% (w/v) with the fig distillate (45% v/v; a total of 7.2 L).
Carob and distillate, were kept in contact for 1 or 3 weeks of mac-
eration in topaz bottles (125 mL) in the dark at room temperature.
Samples were shaken daily, filtered under vacuum and stored in
the dark until analysis. All experiments were performed in dupli-
cate.

Identification and quantification of phenolic and furanic
composition by HPLC-PDA analysis

Carob liquors were filtered through 0.2 pm pore cellulose acetate
membrane (VWR international, USA) before the analysis. Due
to the complexity of the carob liquor matrix, the HPLC method
followed with slight modifications (different column temperature
and different particle size of the column packed) belongs to an
official method (COI/T.20/Doc No29) used in the identification
of phenolic compounds in the complex matrix of olive oil. Briefly,
20 pL of sample or standard were analysed using a HPLC-PDA sys-
tem (Varian 920-LC) and a Kromasil 100 A pore size C18 column
(250 mm length x 4.6 mm i.d. and 10 pm of particle size). The sol-
vent mixture system contained 0.2% H;PO, in water (A), methanol
(B) and acetonitrile (C) with a flow rate of 1 mLmin~".

Separation was achieved using a gradient flow as follows: 0 min-
96% A, 2% B and 2% C; 40min- 50% A, 25% B and 25% C;
45 min- 40% A, 30% B and 30% C; 60 min- 0% A, 50% B and
50% C; 70min- 0% A, 50% B and 50% C; 72 min- 96% A, 2% B
and 2% C and 82 min- 96% A, 2% B and 2% C. Detection was
carried out by using a photo-diode array detector at 280 nm.
Peak identification was based on the comparison of UV spectra
and retention time with authentic standards. Tyrosol was used as
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Table 1. Experimental design matrix for phenolic and furanic content, antioxidant capacity by TEAC and FRAP assays and browning index of different
processed varietal carob liquors
Independent variables Dependent variables
Roasting Maceration
Particle temperature time GA F HMF AC Browning

Run size Variety °Q) (weeks) mgL™! TPC? TEACP FRAP¢ Index
1 Kibble AIDA - 1 3249 19.26 <LOD 460.52 3.94 6.09 0.95
2 Kibble AIDA - 3 3834 18.09 <LOD 558.00 5.36 6.35 1.07
3 Flour AIDA 150 1 160.19 38.71 3739 1167.81 7.60 10.85 1.19
4 Flour AIDA 120 1 101.75 2944 <LOQ 1075.63 6.66 10.85 1.20
5 Kibble AIDA 120 1 79.28 30.86 <LOD 655.00 4.53 6.29 1.17
6 Kibble AIDA 150 1 147.12 37.85 36.65 1017.81 7.66 9.82 1.21
7 Flour AIDA 150 3 154.22 3630 3532 1205.69 7.68 10.60 1.23
8 Flour AIDA - 3 176.32 1747 <LOD 2277.19 13.80 23.48 1.21
9 Flour AIDA 120 3 108.54 27.16 <LOD 1014.90 7.14 10.24 1.25
10 Kibble AIDA 150 3 15540 36.09 35.14 1028.75 8.02 9.77 1.26
11 Kibble AIDA 120 3 8723 2697 <LOD 823.75 6.54 8.51 1.23
12 Flour AIDA - 1 9490 1824 <LOD 1506.88 9.95 15.41 1.18
13 Kibble Galhosa - 1 <LOQ 3538 <LOD 210.83 1.00 1.57 0.43
14 Flour Galhosa 120 3 3935 3049 <LOQ 697.73 2.86 5.76 1.10
15 Kibble Galhosa 120 1 33.00 3473 <LOD 501.09 2.64 5.44 1.10
16 Flour Galhosa 150 3 47.10 2337 39.17 65349 3.74 7.04 1.14
17 Kibble Galhosa - 3 <LOQ 30.65 <LOD 238.17 1.32 235 0.58
18 Flour Galhosa 120 1 3491 3246 <LOQ 68234 3.02 5.24 1.09
19 Flour Galhosa - 3 53.20 1866 <LOD 618.27 2.59 5.74 1.03
20 Flour Galhosa - 1 2760 3434 <LOD 32281 1.91 6.07 0.86
21 Flour Galhosa 150 1 5428 36.79 40.89 766.72 4.30 9.47 1.10
22 Kibble Galhosa 120 3 3201 29.81 <LOD 471.28 2.58 4.96 1.10
23 Kibble Galhosa 150 1 43.71 35.82 33.91 705.78 3.62 7.02 1.1
24 Kibble Galhosa 150 3 55.28 2468 3646  659.83 3.42 5.74 1.13
25 Kibble Mulata 120 3 31.62 33.02 <LOQ 508.89 2.83 4.37 1.02
26 Flour Mulata - 3 4094 31.16 <LOD 46131 2.56 4.98 0.86
27 Flour Mulata 120 1 3031 3298 <LOQ 803.44 3.79 9.41 1.08
28 Flour Mulata 150 3 6433 3489 4149 884.06 5.21 9.01 1.06
29 Kibble Mulata 150 1 5991 3825 50.09 794.38 4.86 9.09 1.1
30 Flour Mulata 150 1 61.26 36.95 41.85 94281 6.06 11.54 1.08
31 Kibble Mulata - 1 <LOQ 33.63 <LOD 21356 0.86 3.46 0.52
32 Kibble Mulata 150 3 6343 3585 4145 67333 5.30 8.58 1.06
33 Kibble Mulata 120 1 22.89 34.12 <LOQ 549.53 2.52 4.05 1.03
34 Kibble Mulata - 3 <LOQ 3277 <LOD 202.68 1.04 2.56 0.53
35 Flour Mulata 120 3 3278 3258 <LOQ 723.80 3.82 7.85 1.05
36 Flour Mulata - 1 30.82 36.06 <LOD 361.38 1.65 6.21 0.78
Control Flour Mix Unknown 1 100.95 40.87 120.68 876.58 6.09 7.70 1.10

roasting
Control Flour Mix Unknown 3 104.43 4032 12139 923.75 7.04 7.27 1.07

roasting
Gallic acid Flour AIDA - 3 169.47
Furfural Kibble Galhosa 150 1 39.61
5-(hydroxymethyl) Kibble AIDA 150 1 41.93

furfural

TPC Flour AIDA - 3 22122
TEAC Flour AIDA - 3 13.55
FRAP Flour AIDA - 3 22.48
Browning Index  Flour AIDA 120 3 1.28
@ Results expressed as mg GAE (Gallic Acid Equivalents)/L.
b Results expressed as mM TE (Trolox Equivalents).
€ Results expressed as mM AAE (Ascorbic Acid Equivalents).
GA: gallic acid; F: furfural; HMF: 5-(hydroxymethyl)furfural; TPC: total phenolic content; AC: antioxidant capacity; TEAC: trolox equivalent antioxidant
capacity; FRAP: ferric reducing antioxidant power.
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in carob liquors

Table 2. Compound name, retention time (RT), linearity parameters and analytical limits of the HPLC method for the quantification of compounds

RT Concentration range LOD LOQ
Compound min mgL~! Regression equation y = ax + b r? mgL™!
Gallic acid 8.53 10-125 y =47.485x + 67.097 0.9978 6.77 22.55
5-(Hydroxymethyl)furfural 10.67 5-60 y = 132.22x-8.9848 0.9982 2.86 9.53
Furfural 12.80 5.0-35.0 y = 142.44x-13.642 0.9992 1.21 4.04

LOD: limit of detection; LOQ: limit of quantification; r2: coefficient of determination.

internal standard (IS) at a concentration of 60 mgL™" to eliminate
any relative matrix effect liability. Quantification was determined
using external calibration preparing calibration curves of standard
solutions, coefficient of determinations (r?) and limits of detection
(LOD) and of quantification (LOQ), as indicate in Table 2.

Both limits were calculated according to the following mathe-
matical Eqns (1) and (2):

35,

LOD = r;/ (1)
108,

L0Q = —2& 2)

whereS,, = the estimation of the standard deviation of the regres-
sion line, and m = slope of the calibration curve.

Stock standard solutions were prepared in Milli-Q water with
45% (v/v) of absolute ethanol. All determinations were performed
in triplicate.

Total phenolic content (TPC) by Folin-Ciocalteu method

Total phenolic content (TPC) of each maceration experiment was
measured by using a modified Folin-Ciocalteu (FC) colorimetric
method?' using FC reagent and employing a one-centimetre
quartz cuvette. Briefly, 250 uL FC reagent was mixed with 50 pL
of each carob liquor (with appropriate dilution, if necessary), 45%
ethanol/water (as blank solution) or different concentrations of GA
standard solution (50-300 mg L~"). Then, 750 pL 7% Na,CO; were
added and the mixture was completed to 5 mL with pure water.
The reaction was incubated at room temperature in the dark for
2 h. The absorbance was measured at 760 nm. The quantification
of the samples was carried out using a calibration curve with
known concentrations of GA and the results were expressed as GA
equivalents (GAE) per liter of liquor (mg GAE/L).

Antioxidant capacity by ferric reducing antioxidant power
(FRAP)

The FRAP assay was performed as described by Yen and Chen??
with slight modifications. Briefly, 100 pL of ethanol: water (45%
v/v), ascorbic acid standard solutions prepared in phosphate
buffer (0.0625-0.125-0.25-0.5 mmolL™") or carob liquor were
mixed with sodium phosphate buffer (250puL, 200 mmol L™,
pH 6.6) and 1% of potassium ferricyanide water solution (250 pL,
K;[Fe(CN)¢]). The mixture was incubated at 50 °C for 20 min in a
water bath. Aliquots of trichloroacetic acid (250 pL, 10% aqueous
solution, TCA) were added to the mixture which was centrifuged
at 3000rpm for 10 min. Finally, the supernatant (400 pL) was
mixed with water (400 pL) and FeCl; (80 pL, 0.1%) in a 1 cm quartz
cuvette. Reducing activity was measured by determining the

absorbance at 700 nm using a T70 + UV-Visible Spectropho-
tometer (PG instruments Ltd, UK) and the results were expressed
as ascorbic acid equivalents per liter of liquor (mmol AAE/L). All
determinations were performed in triplicate.

Antioxidant capacity by trolox method (TEAC)
Based on the protocol described by Re etal?® the sodium
phosphate buffer (7mmolL~", pH7) and trolox solutions at
different concentrations (0.1-0.5 mmol L"), were prepared. The
ABTS™  [2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic  acid)]
(7 mmol L") was also formed in a solution of potassium persulfate
(2.45 mmol L"), which was kept in the dark for 12 to 16 h at room
temperature. To obtain the working solution, the ABTS* was
diluted to an absorbance of approximately 0.7 at 734 nm.
Samples were read into 96-well microplates. In each well were
mixed 10 pL of sample, phosphate buffer (blank) or trolox (stan-
dard antioxidant) with 190 pL of ABTS™* working solution. The
absorbance was read at 734nm using a Tecan Infinite M200
microplate reader. The results are expressed as micromole of trolox
equivalents (TE) per liter of liquor (umol TE/L).

Browning index (Bl)

The measurement of the absorbance at 420nm in a
T70 + UV-Visible Spectrophotometer (PG instruments Ltd, UK) is a
way to monitor the reaction process of the non-enzymatic brown-
ing reactions, the Maillard reaction and the caramelization,'® i.e.,
to know the status of the formation of the browning products.?*
This is of prime importance as both reactions affect the quality
of processed products in relation to the sensory attributes (color,
flavour and taste).?

Experimental design and statistical analysis

An experimental design resulting in a matrix of 36 experiments
(Table 1) was planned to evaluate the effect of carob character-
istics (roasting degree, particle size and variety) and maceration
periods (1 or 3 weeks) on the chemical composition and antioxi-
dant capacity of carob liquors. Four independent variables were
studied at two or three levels: roasting degree, particle size and
variety of C. siliqua fruits, as categorical parameters, and the mac-
eration period, as numerical parameter. The dependent variables
studied were the phenolic content (GA and TPC) and furanic com-
position (furfural and HMF), the antioxidant capacity determined
by FRAP and TEAC assays and the browning index of carob liquors.
Results were assessed with descriptive statistics such as F-value,
coefficient of determination (r?), P-value, standard error, absolute
error, Durbin-Watson statistic and model equations to reflect the
statistical significance of the model. The good adjustment of the
model to the experimental data was demonstrated by the high
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Table 3. Statistical parameters of experimental design
Standard  Absolute  Durbin-Watson
Response F-value r? P-value Error Error statistic Model equation
Total phenolic 14.6481 0.9913 0.009 111.01 32.3362 1.98444 73443-163.7PS - 331.6 V+ 115.1 RT + 145
content PS-V + 141.64 PS-RT + 249.7 V-RT - 241.05 PS-V-RT
Gallic acid 19.3856 0.9934 0.0052 11.0724 3.14926 1.82919 62.54-10.4PS - 48.78V + 16.57 RT + 10.94 PS-V
+ 14.28 PS-RT
Furfural 14.5985 0.9912 0.009 1.73989 0.491543 1.59433 31+296V+3.85RT - 2.11 MT - 592 V-RT
- 1.08 V-MT
HMF 109.144 0.9988 0.0002 1.8401 0.514938 2.31885 1419+ 111V + 13.69 RT
TEAC 35.387 0.9964 0.0016 0.495898  0.141804 2.26148 4.51-0.73 PS - 2.89V - 0.43 RT + 0.68 MT+ 0.26 MT
+0.67 PS:V + 0.85 PS-RT + 1.54V-RT + 1.36 PS-V-RT
FRAP 6419 0.9802 0.0411 1.66471 0.445656 1.94706 7.66-1.77 PS - 3.03V + 1.5 PS:RT + 1.36 V-RT
Browning Index  102.632 0.9987 0.0002 0.0223622 0.00583951 1.85749 1.03-0.05PS - 0.15V + 0.2 RT + 0.02 MT - 0.02 PS-V
+0.01 PS-RT + 0.12V-RT - 0.01 V-MT - 0.027 RT-MT
+ 0.04 PS:V-RT
r2: Coefficient of determination; PS: particle size; V: variety; RT: roasting temperature; MT: maceration time.

coefficient of determination (r?) values, close to 1 (Table 3). On the
basis of the high Fisher’s ‘F' (F;, o005 > 5.729) and the low proba-
bility ‘P’ (P < 0.05) values, the highly significant regression of the
model is justified. In addition, the terms of the equations were
selected based on their significance of the P < 0.05 values.

Pearson’s correlations (r) (Table 4) were performed to assess the
relationships among the different dependent variables studied,
and correlations with P < 0.05 were considered statistically sig-
nificant. The data were subjected to principal component analy-
sis (PCA) to examine the differences amongst the carob liquors
according to the roasting degree and the carob variety used in
liquor preparation using XLSTAT Software (Addinsoft, New York,
NY, USA). The experimental design results and the correlation tests
were analysed by the software Statgraphics Centurion XVI (Stat-
Point Technologies, Inc., Warrenton, VA, USA).

RESULTS AND DISCUSSION

Gallic acid (GA) and total phenolic content (TPC) in carob
liquors

The phenolic GA, and the TPC were quantified in carob
liquors using a photodiode array detector (HPLC-PDA) and the
Folin-Ciocalteu spectrophotometric method, respectively. The
results of both parameters in the different carob liquors can
be observed in Table 1. These dependent variables presented
a strong significant correlation (Table 4). This is expected since
GA is the most abundant phenolic found in carob liquors, as
shown in chromatograms from Fig. 1. GA and TPC are strongly
influenced by the carob variety used (Fig. 2(a.1), (a.2), (b.1) and
(b.2)). The trend observed concerning AIDA liquors was very
different from those of Mulata and Galhosa (Fig. 1(a.1), (a.2), (b.1),
(b.2), (c.1) and (c.2)). Custodio etal.'® also found differences in
TPC for the same two groups of differentiated varietal methanolic
extracts, AIDA and Mulata/Galhosa. According to the impact
of independent variables and their interactions (Fig.2(a.1) and
(b.1)), particle size and roasting degree are variables with sig-
nificant influence on phenolic content, while the maceration
period was not statistically important. The higher GA content
was recorded in liquors elaborated from unroasted AIDA carob
flour (Fig. 1(c)), in particular runs 8 (3 weeks of maceration) and 12
(1 week) (Table 1). However, the TPC decreased from unroasted
to roasted AIDA liquors. This tendency can be explained by the

decrease of GA content observed in the roasted samples. Liquors
produced from unroasted AIDA carob flour after 3 weeks of mac-
eration presented the higher GA concentration (3.5gKg™") (run
8, Table 1). However, when the carob sample was subjected to
120°C, the GA concentration drops to 2.2gKg™' (run 9, Table 1).
This trend seems to be justified by the fact that when the tem-
perature is increased to 120°C, part of the free GA present in
the unroasted sample was degraded and although more free GA
was probably releasing from the degradation of high molecular
weight compounds, the net balance was the decrease of GA.”
When carob flour roasted at 150°C was used (run 7, Table 1),
the resulting liquor presented an increase in the GA content of
a 29.0%, in relation to the other roasting temperature tested
(120°Q), but still lower (3.1 g kg~") than the value of the unroasted
sample. The release of gallic acid from more complex structures
seems to be predominant in this sample, despite the degradation
of free GA.

Despite the results found in AIDA liquors, according to the
chart of main effects the general tendency is the higher the
roasting degree of carob pod, the better the extraction of GA
(Fig. 2(b.2)) and the greater the values of TPC (Fig. 2(a.2)). This
can be explained by the release of GA through the ruptured of
high-molecular complexes from carob matrix during the roasting
step.’® Accordingly, the highest GA concentration in Mulata and
Galhosa liquors was found in roasted flour liquors with values of
1.3 gkg™" (run 28, Table 1) and 1.1 gkg~" (run 21, Table 1), respec-
tively. These values were lower than those of the plurivarietal
roasted commercial liquor (2.09gkg™") used as control (Table 1)
and the methanolic extracts from Turkish carob (12.5gkg™"),” but
higher to those found in different roasted carob acetone/water
(50% v/v) extracts (0.3-0.7gKg™").? In addition to the influence
of the variety, the results may be affected by the type of solvent
used during the extraction procedure, and some works concluded
that the solubility of GA was higher with the following solvents
methanol>ethanol>water>acetone.??’

According to Sahin etal.'s, the increase in the TPC of the
roasted carob extracts could also be explained by the forma-
tion of MRPs with phenolic type structure during the roasting
process because these type of compounds are also detected
by Folin-Ciocalteu reagent. In this regard, the TPC content of
roasted carob liquors increased more than two-fold compared
with unroasted liquors (with 1 week of maceration) using Galhosa
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Table 4. Pearson correlation matrix among phenolic and furanic composition, antioxidant activity (TEAC and FRAP methods), and browning index
TPC Gallic acid Furfural HMF TEAC FRAP Bl
TPC 1.000 0.8375" -0.256 0.250 0.955" 0.962" 0.684"
Gallic acid 1.000 —0.0305 0.372 0.889" 0.769" 0.651"
Furfural 1.000 0.435 —0.267 —0.248 -0.147
HMF 1.000 0.277 0.255 0.381
TEAC 1.000 0.934 0.691"
FRAP 1.000 0.620"
BI 1.000
TPC: total phenolic content; HMF: 5-(hydroxymethyl)furfural; Bl: browning index.
“Correlations in bold are significant at p < 0.05.
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Figure 1. HPLC chromatograms of unroasted (1) and roasted (150 °C) (2) Galhosa (a), Mulata (b) and AIDA (c) carob liquors and a roasted commercial
plurivarietal carob liquor (d) recorded at 280 nm. Peak identification: gallic acid (8.53 min), 5-(hydroxymethyl)furfural (HMF; 10.67 min), furfural (12.80 min)

and tyrosol (internal standard, i.s.; 16.96 min).

(from 6.40t0 15.3 gkg™") (Table 1;runs 20 and 21, respectively) and
Mulata (from 7.2 to 18.9gkg™") (runs 36 and 30, respectively) vari-
eties. Similar increases were observed from unroasted to roasted
carob aqueous extracts by Sahin et al.’® (from 5.70 to 9.86 gkg™),
Cepo etal."® (from 7.60 to 13.10g kg™") and Srour et al.2 (from 11
to23gkg™).

Quantification of furfural and 5-(hydroxymethyl)furfural.
Estimation of their daily intake based on carob liquors
consumption

The Maillard reaction and sugar pyrolysis intermediates formed
during thermal processing of foods, furfural (F) and especially
5-(hydroxymethyl)furfural (HMF), presented a remarkable increase
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from unroasted to roasted carob liquors with the maximum val-
ues at 150 °C (Table 1).28 Therefore, as expected, the main factor
affecting the content of both compounds is the roasting temper-
ature as shown in Pareto and main effects charts (Fig. 2(c.1) and
(c.2) for F and (d.1) and (d.2) for HMF). The other variables had
no significant influences in the variability of HMF concentration.
It is worth noting the great differences in the concentrations of
HMF from liquors made with carob processed in the laboratory
against carob from commercial origin (see Table 1 and Fig. 1). This
commercial sample presented quantities of HMF up to three times
higher than those produced with carob roasted at 150 °C, and
therefore roasting temperatures higher than those of this work
must have used.

In the case of F, the interaction roasting temperature-variety
followed by the carob variety, the maceration period and the
interaction variety-maceration time, were the parameters with
greater influence on the generation or degradation of this com-
pound (Fig. 2(c.1)). In general, the increase (from one to 3 weeks)
of the maceration period favours the reduction of the furanic
content [particularly in the case of F extraction, see Fig. 2(c.2)],
probably due to chemical reactions taking place in liquor matrix.
These chemical reactions could include the polymerization or
the conversion of the furanic compounds to the corresponding
alcohols and acids by the action of the residual air present in the
bottle, also further degradations could be carried out from furfural
to formic acid and 5-HMF to formic and levulinic acids.??=32 The
small differences of F found in varietal liquors could possibly be
explained by different concentrations of pentoses in the carob
fruit that were degraded to F. The concentration of F found in
samples of unroasted carob liquors comes mainly from the spirit
used in the production process. This compound is originated dur-
ing the fired pot-still distillation process at high temperatures.333*
However, the high concentrations found in the unroasted Mulata
(runs 26, 31, 34 and 36 of Table 1) and Galhosa liquors (runs 13, 17
and 20 of Table 1) may be explained by the different degrees of
heat sensitivity of the raw material®® due to the different compo-
sition (sugars, amino acids, etc) of Galhosa and Mulata varieties in
relation to AIDA.

F and HMF are compounds considered toxic to many types
of organism including mammalian cells*® and thus it is impor-
tant to know their daily exposure to understand how they can
affect the human health. The F and HMF estimated daily intake
(EDI) expressed as pgkg bw~" day~' was calculated taking into
account an average body weight of 70 kg and a daily consump-
tion of carob liquor per person of approximately 50 mL (equiv-
alent to a standard liquor glass). The maximum EDI of F found
in samples was between 26.28 ug kg bw=" day~' and 29.19 pg kg
bw=" day~'. These EDIs were about five to ten times below the
theoretical added maximum daily intake (TAMDI, 136 pg kg bw™")
and the intake from natural sources (300 pg kg bw~") estimated
for this compound.?” The TAMDI assumes that the consumer will
day in day out take a fixed standard amount of flavoured food
and beverages which will always contain the specific flavouring
at its specified upper use level. On the other hand, the maxi-
mum EDI values (26.71-86.71 pgkg bw~' day~") of HMF found
in carob liquors were well below the benchmark dose lower
confidence limit (BMDL) (79 mgkg bw~" day~") (dose that corre-
sponds to a specific change in an adverse response compared
to the response in unexposed subjects),® the range of aver-
age daily intake of 30-150 mg person~' established by Janzowski
et al.*® and the threshold of concern (540 pg person~' day~') and
the modified theoretical added maximum daily intake (mTAMDI,

1600 pg person~' day~') established by the European Food Safety
Authority.>”

Antioxidant capacity (AC) and browning index (BI) of varietal
carob liquors

The AC results determined by FRAP and TEAC methods are directly
related to the TPC and GA content, as can be concluded by the
similar trend observed in Fig. 2(a.1-2,b.1-2,e.1-2and f.1-2) and
the high correlations found among them (Table 4). However, these
chemical methods present a questioned ability to predict in vivo
activity because some assays are performed at non physiologi-
cal pH and temperature, and they do not include the bioavail-
ability, uptake and metabolism of the antioxidant compounds,
among other aspects.*® On the other hand, nowadays the use of
in vitro biological assays such as the cell-culture based assays has
increased to study the antioxidant capacity of foods since these
methods are relatively fast, and address some issues of uptake, dis-
tribution and metabolism.*® In the present work, the antioxidant
capacity was evaluated using chemical methods to allow compar-
ison with the current available literature of this type of samples.

The variety, the particle size and the interactions variety-roasting
degree and particle size-roasting degree are the main factors
affecting the AC values (Fig. 2(e.1) and (f.1)). The sample prepared
with the unroasted AIDA flour presented the highest TEAC value,
276 mmol TEkg™ (run 8, Table 1). This concentration was similar
to those of extracts prepared with roasted carobs (208252 mmol
TEkg™") and unroasted carobs from Jnoubi (211 mmol TEkg™")
and Makdissi Jnoub (211 mmol TEkg™") Lebanese varieties.? How-
ever, lower concentration (153.6 mmol TEkg~') was found in
AIDA liquors prepared with carob flour roasted at 150 °C (run 7,
Table 1). This value was still higher than those of the other vari-
etal liquors studied, but closer to the commercial roasted carob
flour liquor (145.4 mmol TEkg™"), and the unroasted and roasted
soluble (83.38 and 142.99 mmol TEkg~', respectively) and insolu-
ble (143.27 and 154.78 mmol TE kg™ respectively) carob aqueous
fractions obtained after a digestion process by Cepo etal.'s On
the other hand, liquors prepared with roasted carob of the vari-
eties Mulata (104.2 mmol TEkg™") (run 28, Table 1) and Galhosa
(74.8 mmol TEkg™") (run 16, Table 1) presented values 51% and
31% higher, respectively, than the corresponding unroasted carob
liqueurs for the same time of maceration. Similar AC of roasted
Mulata liquor was observed in aqueous roasted carob extracts
(105.7 mmol TEkg™") by Sahin et al.'®

In addition to the mentioned factors, the roasting degree and
the triple interaction variety-roasted degree-particle size were other
factors affecting the TEAC values of carob liquors (Fig.2(e.1)).
In general, varietal liquors prepared with the highest roasting
degree of carob (150°C) and the smallest particle size (flour)
presented the highest AC (TEAC) results (Fig. 2(e.2)). On the other
hand, significant differences in AC by TEAC and browning index
(Fig. 2(e.1) and (g.1)) were observed for both periods of maceration
studied, with slightly higher values in liquors with the longest
maceration time (Fig. 2(e.2) and (g.2)).

No significant correlations were observed between Bl (a mea-
sure of melanoidins content, compounds known as final products
of Maillard and caramelization reactions)*' and the furanic com-
pounds (F and HMF, intermediaries of that reactions) (Table 4),
parameters associated with the roasting process. This is due to
the fact that these intermediaries can produce other final products
such as aldols and free polymers or they can react with amino acids
to produce aldimines or ketimines as a complex network of reac-
tions involving the Maillard reaction.*? Therefore, there is no direct
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Figure 3. Principal component analysis plot of carob liquors (n. 36) from varieties AIDA (circles), Mulata (squares) and Galhosa (triangles) with different
roasting degrees [150 °C (black), 120 °C (grey) and unroasted (white)], particle sizes [kibble (K) and flour (F)] and times of maceration (1 or 3 weeks), and

selected variables (n. 7).

link between reactants, intermediary products (F and HMF), and
the final products melanoidins. The main factors influencing the
browning index are the roasting degree followed by carob variety
(Fig. 2(g.1)). The smaller the particle size (flour), the longer the mac-
eration period (3 weeks), as well as the higher the roasting degree
(150 °C) (Fig. 2(g.2)). The AIDA variety produced the greater values
of this index. Bl results in Galhosa and Mulata liquors produced
from unroasted kibbles (runs 13, 17, 31 and 34 of Table 1) have
nearly doubled those of roasted kibbles at 120 °C (runs 15, 22, 25
and 33 of Table 1). In the case of samples made with carob flour,
theincrease was between 6% and 28% for Galhosa (runs 14, 18-20,
Table 1) and Mulata liquors (runs 26, 27,35 and 36, Table 1), respec-
tively. This increase was lower in AIDA liquors prepared with carob
flour (3%) and carob kibble (35%). The high values observed in
unroasted carob liquors may be caused by the extraction and/or
formation of brown-coloured pigments during the carob drying
process. In particular, the dehydration of the fruit during the drying
process can alter the cell structure and facilitate the contact of the
polyphenol oxidases enzymes with their substrates producing the
enzymatic browning involving phenolic compounds.** Moreover,
a small increase (between 0.9% and 7%) was observed in Bl val-
ues with the increase of roasting temperature from 120 to 150 °C
(Table 1). This rise in Bl values was much lower than that observed
by Sahin etal.'® an increase of 60% from 135 to 165 °C, mainly
observed during the first 5 min of thermal treatment, regardless
of the applied temperature.'

Principal component analysis

Figure 3 shows the biplot of the two main principal components
(PC1 x PC2) characterized by the GA and TPC, AC using FRAP and
TEAC methods, and the furanic content (F and HMF) and BI of 36
liquors obtained from different carob varieties with a cumulative
explained total variance of 84.9%. The first and second principal
component (PC1 and PC2) accounted for 63.4% and 21.5% of the
variability in the data set, respectively. The first principal compo-
nent (PC1) was mostly characterized positively by the TEAC(0.951),
TPC (0.934), FRAP (0.876), GA (0.814) and BI (0.624). The second
principal component (PC2) was mostly characterized positively by

furfural (0.768) and HMF (0.645). According to these figure, distinct
groups were identifiable for all carob liquors primarily according
to the roasting degree and variety of carob used in liquor prepa-
ration. In general, unroasted or roasted at 120 °C carob liquors
are positioned on left side of PC1 (second and third quadrant).
These samples showed the lowest values of AC and phenolic and
furanic content. However, AIDA liquors prepared from unroasted
and roasted carob flour at 120 °C, together with roasted (150 °C)
carob liquors from the three carob varieties were located on the
right side of the PC1, the whole fourth and first quadrants. These
samples presented the highest values of phenolic content (GA
and TPC) and AC by FRAP and TEAC methods. Unsurprisingly,
these variables are clustered together on the right side of the
loading plot since they are significantly correlated as evidenced
by their Pearson correlation coefficients (Table 4). Interestingly,
AIDA liquor prepared from unroasted flour during 3 weeks of mac-
eration (AFU3) is located quite some distance away from all of the
other carob liquors, indicating that its composition differs signifi-
cantly from the other samples. It should also be emphasised that
all roasted (150 °C) carob liquors occupied a unique location at the
first quadrant of Fig. 3. This location may be explained by the high
values of HMF which is located in this region of the PCA biplot.

CONCLUSIONS

The carob roasting degree and variety have a clear effect on mostly
of the dependent variables studied in carob liquors. The trend
of the results showed noticeable differences between two groups
of samples, one comprising AIDA liquors, and the other including
liquors prepared with Mulata and Galhosa varieties. AIDA liquors
(mainly those prepared from unroasted flour) and Mulata and Gal-
hosa liquors prepared from roasted at 150 °C carob flour presented
the highest TPC, AC (FRAP and TEAC) and GA content. In general,
the results obtained suggest a safe consumption of these bever-
ages according to the furanic content, since even the maximum
values of furfural and HMF obtained in roasted carob liquors were
within the levels for safe consumption. In Galhosa and Mulata
liquors a small increase (<7%) of Bl (Maillard products) values
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was observed with the increase of roasting temperature from 120
to 150 °C. The use of the lowest particle size (flour) and the longest
maceration period (3 weeks) provided liquors with the greatest
phenolic content (TPC and GA) and AC values, and the lowest toxic
furanic content (F and HMF). Therefore, these conditions can help
to obtain healthier liquors.
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