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Developing a carob-based milk beverage using
different varieties of carob pods and two
roasting treatments and assessing their effect
on quality characteristics
Nadine Srour, Hamza Daroub, Imad Toufeili and Ammar Olabi*

Abstract

BACKGROUND: This work aimed at formulating a carob-based milk beverage and assessing its chemical and sensory properties.
Six varieties of carob pods, each processed into roasted and unroasted powders, were used to develop 12 prototypes of the
beverage. Chemical and physico-chemical analyses (moisture, ash, fibre, protein, sugars, total-phenolics, total-antioxidants,
water activity and colour) and sensory tests were conducted.

RESULTS: The variety of carob pod had a significant effect on all chemical variables in carob powders (P < 0.01), except
for sugars, and when incorporated in the beverage, on moisture, total phenolics, total antioxidant activity and colour
parameters (L, a, b; P-values<0.001). Roasting treatment significantly increased fibre, total phenolics, total antioxidant
activity (P-values<0.001), fructose, glucose (P-values<0.05), and a-value levels (P < 0.01), significantly lowered moisture (P
< 0.05), water activity, L- and b-values (P-values<0.001) in carob powders; and significantly increased the beverage’s total
phenolics, a-value (P-values<0.001) and total antioxidant activity (P < 0.01). Roasting treatment significantly increased the
beverage’s acceptability ratings. Beverages formulated with roasted carob powder had higher ratings for level of residue, colour,
caramel odour, mocha odour and flavour, roasted coffee odour and flavour, viscosity mouthfeel and bitter aftertaste. Principal
component analysis was conducted; PC1 and PC2 separated attributes according to roasting treatment and variety of carob
pods, respectively.

CONCLUSION: The use of Akkari roasted and Baladi Ikleem el Kharoob roasted to formulate a carob-based milk beverage is
recommended.
© 2015 Society of Chemical Industry

Supporting information may be found in the online version of this article.
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INTRODUCTION
The carob tree (Ceratonia siliqua L.) is a long-lived evergreen tree
that has been widely cultivated around the world over the years
and has been grown in the Mediterranean region since ancient
times.1,2 The carob tree requires minimal care because it can
survive harsh environmental conditions and grow well in warm
temperate areas and in calcareous soils.1 –5 Carob trees in Lebanon
are planted in coastal areas and on the inferior slopes of coastal
mountains4 (0–1000 m) and carob production in Lebanon has
been estimated to be 7400 tons year−1 (Estephan6) out of a world
production estimated at 374 800–441 000 tons year−1.1,7

The carob pod is a beanlike fruit composed primarily of a pulp
and a number of seeds which constitute 90% and 10% of the
weight of the pod, respectively.1 Spain leads the world production
of carob pods, followed by Italy, Portugal, Greece, Morocco, Cyprus
and Turkey.2,3,5,8 The carob pod has been part of the Mediterranean
diet for centuries, being consumed in the raw state as a candy
since ancient times. More recent uses of the carob pod include
its utilisation in the preparation of beverages, molasses, traditional

Middle Eastern confectionary and baked goods or as a chocolate
substitute.9

The carob pulp’s dietary fibres and polyphenols have been
found to have health beneficial effects.10 – 13 The carob pods
have also been reported to possess in vitro and in vivo antiox-
idant properties14 – 16 thereby protecting against degenerative
diseases17 – 19 and the seed gums have been found to possess
anti-acidulant and other protective roles in the stomach.20,21

In addition, roasting carob kibbles (carob pieces obtained after
crushing carob pods and separating the pulp from the seeds) has
been linked to several changes in their chemical and sensory pro-
file. Roasting of carob powders, using the proper combination of
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temperature and time, can increase the total phenolic content and
total antioxidant activity due to the formation of Maillard reaction
products and enhancement of the polyphenol solubility.22,23 As
for the sensory quality, roasting treatment not only decreases the
amount of aliphatic acids which impart an undesirable smell,24,25

but also increases the amount of furans and esters which impart a
pleasant odour close to that of chocolate or cocoa.25

The carob tree has been considered a potential candidate in the
reforestation programmes in dry regions to mitigate the effects
of environmental degradation and to increase the economic rev-
enues of agricultural practices.26,27 Accordingly, the carob tree has
been given focus either for the purpose of conservation28,29 or to
preserve this organic traditional local food ingredient and develop
it further by means of processing and production.4,6

Food product development with carob-based ingredi-
ents has included adding carob juice to yogurt;30 producing
carob-flavoured chocolate bars, ice cream and biscuits;20 carob-
flavoured bread, porridge, cereal flakes and carob mousse31

and gluten-free bread using carob seed flour.32 Carob powder
from the pulp has also been used as a chocolate substitute or
chocolate extender with a similar taste to cocoa powder with
the added advantages of being both theobromine-free and
caffeine-free and lower in calories than chocolate.1 – 3,5,8,23,27,33

Several researchers have attempted to formulate a carob-based
milk (CBM) beverage,20,27,31,33 perceived as having potentially
superior ‘health’ attributes than mainstream products such as
chocolate milk. However, to the best of our knowledge, no sen-
sory profiling and/or acceptability data up to this date have been
reported on carob powder or food products formulated with
ingredients derived from carobs.

The overall umbrella for this type of work is to preserve and
develop the use of this traditional fruit by incorporating it as a
main ingredient in highly consumed products. The principal aim
of this study was to formulate a high acceptability CBM beverage
which will be a healthy alternative to other dairy beverages such
as chocolate milk. In particular, the objective of this work was to
assess the carob variety and processing/roasting method on the
chemical characteristics and sensory attributes of the formulated
CBM beverage.

MATERIALS AND METHODS
Processing of carob powders
Six different varieties of carob pods [Khishebeh Sela’ata (KS),
Jnoubi (JN), Baladi Ikleem el Kharoob (BIK), Makdissi Jnoub (MJ),
Akkari (AK) and Sandali Makdissi (SM)] were collected from differ-
ent regions in Lebanon (Fig. 1). The physical and morphological
characteristics (weight, length, width and thickness) of these vari-
eties have been reported.34 The carob pods from each variety were
divided into two equal lots and one of the lots was roasted in an
air forced draft oven (Wisconsin Oven Corporation, East Troy, WI,
USA) for 60 min at 150 ∘C. The roasted and unroasted pods from
each variety were then kibbled separately by a mechanical kibbler
in which the carob pod is crushed and the pulp is separated from
the seeds. Kibbled carob pieces were further crushed by milling the
roasted and unroasted kibbles separately through a hammer mill
fitted with a 0.5 mm size sieve. The obtained powders were stored
at 4 ∘C for 2–4 weeks, until used.

Formulation of the carob-based milk beverage
In order to formulate a healthier alternative (containing less fat
and sugar) of common dairy beverages such as chocolate milk,

Figure 1. Repartition map of the six varieties of carob pods over the
Lebanese governorates. Codes indicate the variety of carob pod: 1, KS; 2,
JN; 3, BIK; 4, MJ; 5, AK; 6, SM.

Table 1. List of ingredients used in the preparation of the CBM
beverage

Ingredient Formulation (%w/w)

Mineral water 87%
Fat-free powdered milka 8%
Carob powder 4%
Splendab 0.5%
Soy lecithinc 0.2%
Vanilla extractd 0.2%
Carrageenan gume 0.02%

a 0% Fat, Regilait, France.
b Splenda no calorie sweetener, McNeil Nutritionals, LLC 2011, Fort
Washington, PA, USA..
c Lecisoy 400, Cargill, Vigonza.
d Foster Clarks vanilla culinary essence; Foster Clarks products, Malta.
e Genulacta type k-100 carrageenan, CPKelco Ahuber.

the following recipe was used (Table 1): fat-free powdered milk
(0% fat; Regilait, Les Jouchets, Saint-Martin-Belle-Roche, France)
was reconstituted with mineral water. Carob powder, Splenda
(Splenda no calorie sweetener–non concentrated consumer prod-
uct; McNeil Nutritionals, LLC 2011, Fort Washington, PA, USA),
carrageenan gum (Genulacta type k-100 carrageenan; CP Kelco
Ahuber, Atlanta, GA, USA) and soy lecithin (Lecisoy 400; Cargill,
Vigonza, Italy) were added to the reconstituted milk. The mix-
ture was homogenised in a blender (Solac, Tropic Lux; Cornella,
Catalina, Spain) for 3 min and heated to 75 ∘C in a stainless steel
pot. The mixture was held at 75 ∘C for 2 min, cooled in running
water to 15 ∘C. The mixture was then strained using a 0.4 mm size
sieve and a cheese cloth (1 mm mesh size). Vanilla extract (Foster
Clarks vanilla culinary essence; Foster Clarks Products, Malta) was

wileyonlinelibrary.com/jsfa © 2015 Society of Chemical Industry J Sci Food Agric 2016; 96: 3047–3057
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Table 2. Terms used in the descriptive analysis of the CBM beverage

Attribute Definition as worded on score sheet Anchor words (low to high)

Appearance
Level of residue The amount of residue particles present at the bottom of the cup

when looking at the cup from beneath while holding the sample
Not at all to Very

Colour Colour ranging from light to dark colour Nescafea Light to Dark
Odour

Mocha The smell of mochab (coffee and chocolate mixture) Not at all to Very
Roasted coffee The smell of roasted coffee beansc Not at all to Very
Molasses The smell of carob molassesd Not at all to Very
Caramel The smell of caramele (burnt sugar) Not at all to Very
Rice milk The smell of rice milkf Not at all to Very
Butter scotch The smell of butterscotchg (milk+ alcohol) Not at all to Very

Flavour Not at all to Very
Sweet taste Fundamental taste elicited by sugar (sucrose) Not at all to Very
Mocha The flavour of mochab (coffee and chocolate mixture) Not at all to Very
Roasted coffee The flavour of roasted coffee beansc Not at all to Very
Rice milk The flavour of rice milkf Not at all to Very
Molasses The flavour of carob molassesd Not at all to Very
Caramel The flavour of caramele (burnt sugar) Not at all to Very
Butterscotch The flavour of butter scotchg (milk+ alcohol) Not at all to Very
Bitter taste The taste often associated with caffeine Not at all to Very

Mouthfeel Not at all to Very
Viscosity The resistance to flow when swirling the sample in the mouth Watery to Full body
Smoothness/body A sensation of softness, i.e. that is, free from any irregularities Not at all to Very
Mouthcoating Layer left on the tongue and palate after swallowing Not at all to Very
Pungent Sensation of heat and tingling in the mouth Not at all to Very

Aftertaste
Sweet Fundamental taste elicited by sugar Not at all to Very
Bitter The aftertaste associated with caffeine Not at all to Very

a Light colour Nescafe (Nescafe 3 in 1 Regular, manufactured in Thailand by CMYK under supervision of Nestle, Thailand) added to it coffee mate
(Coffee Mate coffee creamer the original, Nestle, Nestle and Coffee Mate produits Nestle S.A. Vevey, Switzerland) for low level vs. dark colour Nescafe
(Nescafe 3 in 1 Regular, manufactured in Thailand by CMYK under supervision of nestle, Thailand) for high level.
b Mocha latte (high level) (Nescafe Mocha, Nestle Korea Ltd, South Korea) prepared according to product preparation instructions.
c Black coffee (high level) (Nescafe classic Red Mug, Nestle Brazil, Araras Brazil).
d Carob Molasses (high level) (Carob’s molasses, A.O. Ghandour sons SAL, Beirut, Lebanon) prepared by diluting it with water to obtain a ratio of (1:1 v/v)
carob molasses to water.
e Caramel Candy (high level) (Werther’s original classic chewy toffees, STORCK, Germany).
f Rice milk (high level) (BJORG BoissonRiz Bio, Bio nutrition BJORG, France).
g Irish cream flavoured latte (high level) (While’s shots Irish cream latté, AITC While’s, Australia) prepared according to product preparation instructions.

added to the filtered mixture which was then dispensed into 1-L
bottles and stored at 4 ∘C. Twelve different prototypes were for-
mulated with roasted and unroasted powders prepared from each
of the six carob varieties.

Chemical analyses
The carob powder and CBM beverage were analysed for moisture,
ash and protein contents; a factor of 6.25 was used to convert
nitrogen to protein, according to AOAC official methods.35,36

The fibre content of the carob powder was determined as acid
detergent fibre according to the ANKOM Technology Method.37

The sugar [glucose, fructose, sucrose (for both carob powders
and CBM beverages) and lactose (only for the CBM beverages)]
contents were determined based on AOAC methods.38 The total
phenolic content was determined using the Folin–Ciocalteu
reagent23 and expressed in gallic acid equivalents. The total
antioxidant activity was determined using Trolox as a standard by
the ABTS [2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid]
radical decolorisation assay23 and expressed in Trolox equivalents.

Colour, which is characterised by the L-, a- and b-values was mea-
sured using a colorimeter (Chroma Meter, CR-410; Konica Minolta,
Osaka, Japan). The HygroLab-3 Bench top humidity temperature
indicator (HygroLab3; Rotronic Instrument Corp., Hauppauge,
NY, USA) was used to measure the water activity of the carob
powders. Chemical analyses were conducted in triplicates on both
roasted and unroasted carob powder samples and their respective
milk-based beverages.

Descriptive analysis
Descriptive analysis was conducted on the CBM beverages as
described in Lteif et al.39 The descriptive panel consisted of nine
female judges recruited from the American University of Beirut
for being milk users and/or dairy beverage consumers. Panellists
were trained for five 1-h sessions, after which a 15 cm line scale
ballot sheet was developed using 24 attributes, anchor points and
standards (Table 2). Judges also attended four evaluation sessions
(20 min each) over 2 days. A 3 h interval separated sessions on the
same day to prevent sensory fatigue. Samples were prepared 12 h

J Sci Food Agric 2016; 96: 3047–3057 © 2015 Society of Chemical Industry wileyonlinelibrary.com/jsfa
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before serving and stored in the refrigerator (4 ∘C). Samples were
assessed in duplicate over four sessions, i.e. 24 evaluations [six vari-
eties of carob pods× two treatments (roasted vs. unroasted)× two
replicates], with six different samples served at each session.

Hedonic evaluation
A consumer acceptability test was conducted by 50 untrained par-
ticipants (37 females and 13 males, age 18–29 years) from the
American University of Beirut (following the same inclusion cri-
teria as in the descriptive analysis, but not including participants
from this latter group) as described in Lteif et al.39 Participants
attended two evaluation sessions over 2 days. Twelve samples
were assessed (two treatments× six varieties of carob pods), with
six samples served at each session. Samples were prepared and
stored as described previously. Participants rated overall accept-
ability, appearance, texture and flavour on a 9-point hedonic
scale40 ranging from 1 (dislike extremely) to 9 (like extremely).

Statistical analysis
Analysis of variance using the GLM procedure of SAS® (version
8.02; SAS Institute, Cary, NC, USA) was performed as described
in Lteif et al.39 In the statistical model for descriptive analysis, the
response variable was the sensory attribute. Factors in the model
were carob variety (KS, JN, BIK, MJ, AK and SM), roasting treat-
ment (roasted vs. unroasted), panellist, replicate and their two-way
interactions. Panellist was included as random effect and vari-
ety, treatment, and replicate were fixed effects. Panellist was not
included in the chemical analyses model. The sensory accept-
ability model did not include replicate. Means were separated
by Tukey’s honestly significant difference test. Significance was
established at 𝛼 < 0.05. Principal component analysis was per-
formed, as described in Lteif et al.,39 to extract the main factors that

summarise several sensory attributes, using the 24 means (six vari-
eties× two treatments× two replicates) obtained from descriptive
analysis. This analysis was also performed using the SAS® (version
8.02) statistical software.

RESULTS AND DISCUSSION
Chemical analyses of carob powder
Table 3 summarises the least squares means of the chemical anal-
yses of carob samples. Variety of carob pod had a significant effect
on ash, protein, water activity, total phenolics, total antioxidant
activity, L-value, a-value, b-value (P < 0.001), moisture and fibre lev-
els (P < 0.01) (Table S1). The roasting treatment had a significant
effect on fibre, water activity, total phenolics, total antioxidants,
L-value, b-value (P < 0.001), a-value (P < 0.01), moisture, fructose
and glucose levels (P < 0.05) (Table S1). The variety× treatment
interaction had a significant effect on fibre, water activity, total
phenolics, total antioxidants, L-value, a-value, b-value (P < 0.001)
moisture and protein levels (P < 0.01) (Table 3).

BIKR (Baladi Ikleem el Kharoob roasted) carob powder had
the lowest levels of moisture but was only significantly different
from JNUR (Jnoubi unroasted), JNR (Jnoubi roasted), AKUR (Akkari
unroasted) and SMUR (Sandali Makdissi unroasted) and had the
lowest level of water activity along with BIKUR (Baldi Ikleem el Kha-
roob unroasted). Moisture content values were considerably lower
than those reported in the literature, which ranged between 82
and 125 g kg−1.31,33,41,42 This difference could be due to the envi-
ronmental conditions that the carob trees are planted in, differ-
ence in carob cultivars, difference in ripening duration, difference
in harvesting time and difference in storage duration.1,31 Yousif
and Alghzawi27 reported the water activity of unroasted carob
powder to be 0.45 and the water activity to the carob powder
roasted at 150 ∘C for 60 min to be 0.33, a range in which the roasted

Table 3. Least squares means of moisture, ash, fibre, protein, water activity, total phenolics, total antioxidant activity and colour values for carob pod
variety× roasting treatment interaction for carob powder samples

Carob
pod
variety Treatment Moisture Ash Fibre Protein

Water activity
(×10−1)

Total
phenolics

Total
antioxidant

activity L-value a-value b-value

KSa Unroasted 52± 10abcd 32± 0abc 251± 18cde 57± 6a 3.56± 0.04bc 12± 0de 154± 7.6f 47.5± 0.1b 4.9± 0.1cd 9.4± 0.1c

Roasted 43± 1d 34± 1abc 387± 43a 46± 2abc 3.26± 0.03 d 17± 1b 237± 0.7abc 37.9± 0.0h 3.5± 0.0f 4.4± 0.0h

JNb Unroasted 58± 0ab 29± 1abc 293± 06bcd 30± 28de 3.56± 0.01bc 12± 0de 211± 11.6d 46.6± 0.1c 4.4± 0.0e 9.2± 0.0c

Roasted 56± 2abc 32± 3abc 308± 7bcd 29± 27e 3. 59± 0.01b 15± 1bc 240± 1.9ab 44.5± 0.1d 5.0± 0.1bc 8.2± 0.0d

BIKc Unroasted 45± 2cd 36± 6a 224± 24e 42± 2bcde 3.13± 0.02de 11± 0e 145± 2.8f 48.0± 0.3b 5.1± 0.0b 10.5± 0.1a

Roasted 43± 1d 35± 1ab 344± 15ab 50± 7ab 2.90± 0.03e 23± 1a 224± 0.7bcd 40.2± 0.1g 4.3± 0.0e 6.0± 0.0g

MJd Unroasted 53± 2abcd 27± 1c 266± 16cde 37± 5bcde 3.61± 0.02b 11± 1e 211± 7.2d 51.9± 0.3a 4.8± 0.0d 9.7± 0.1b

Roasted 63± 1a 31± 1abc 261± 6cde 30± 1de 3.50± 0.03bc 17± 1b 208± 13.6d 43.3± 0.2e 6.7± 0.1a 7.4± 0.2e

AKe Unroasted 56± 2abc 28± 1c 290± 3bcd 44± 2abc 4.02± 0.01a 10± 0e 185± 6.1e 47.6± 0.3b 5.0± 0.1bc 9.9± 0.0b

Roasted 49± 1bcd 27± 1c 340± 15ab 39± 3bcde 3.25± 0.21d 14± 1cd 217± 5.4cd 42.5± 0.2f 5.1± 0.1b 7.0± 0.1f

SMf Unroasted 61± 1ab 28± 0c 273± 7cde 34± 8cde 4.06± 0.03a 11± 1e 165± 4.4e 47.6± 0.1b 5.1± 0.1b 9.1± 0.0c

Roasted 52± 2abcd 29± 1bc 347± 9ab 43± 5bcd 3.37± 0.04cd 16± 1bc 252± 1.4a 42.3± 0.1f 5.1± 0.1b 7.0± 0.1c

a KS, Khishebeh Sela’ata;
b JN, Jnoubi;
c BIK, Baladi Ikleem El kharoob;
d MJ, Makdissi Jnoub;
e AK, Akkari;
f SM, Sandali Makdissi.
a–hMeans within each column which do not share a letter are significantly different (P < 0.05).
Moisture, ash, protein (N× 6.25) in g kg−1; fibre as acid detergent fibre (g kg−1); total phenolics in g GAE kg−1; total antioxidant activity measured by
the ABTS radical decolorisation assay in mmol Trolox equivalent kg−1.

wileyonlinelibrary.com/jsfa © 2015 Society of Chemical Industry J Sci Food Agric 2016; 96: 3047–3057

 10970010, 2016, 9, D
ow

nloaded from
 https://scijournals.onlinelibrary.w

iley.com
/doi/10.1002/jsfa.7476 by A

m
erican U

niversity O
f B

eirut, W
iley O

nline L
ibrary on [29/08/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



3051

Effect of roasting on a carob-based milk beverage www.soci.org

carob powder examined in this work belonged to. These latter
figures, along with those obtained by the current study, are an
indication of the lowering effect of roasting on water activity as
evidenced in previous studies.23,27,31 BIK carob powder had the
highest amount of ash, a value which was within the range of per-
centage of ash found in carob powder by Albanell et al.43 and Aval-
lone et al.41 but slightly higher than the range of percentage ash
(20–33 g kg−1) reported in other studies.1,27,31,33,44,45

KSUR (Khishebeh Sela’ata unroasted) carob powder had the
highest amount of protein along with KSR (Khishebeh Sela’ata
roasted), BIKR and AKUR. These values fell within the range of
protein content of carob powder reported to be between 10 and
72 g kg−1.31,33,41 – 44,46 KSR carob powder had the highest level of
fibre but was not significantly different from BIKR, AKR (Akkari
roasted) and SMR (Sandali Makdissi roasted). Fibre values were in
the range of the fibre content reported by Iipumbu et al.31 and
Albanell et al.43 but higher than the total fibre content reported
by the FAO42 and Bravo et al.44 The reported different amounts
of fibre for carob powder have been attributed to using differ-
ent methods to quantify different fractions of fibre.31 In fact,
the enzymatic–gravimetric method quantifies total dietary fibre
as opposed to the acid detergent and neutral detergent fibre
methodologies which quantify only a fraction of the fibre.47

BIKR carob powder had the highest amount of total pheno-
lics whereas AKUR carob powder had the least amount of total
phenolics along with all the unroasted carob powders. On the
other hand, BIKUR carob powders had the lowest levels for total
antioxidant activity along with KSUR, whereas SMR carob pow-
der had the highest amount of total antioxidant along with KSR
and JNR. However, total phenolic content and total antioxidant
activity found in this study was lower than the range reported by
Iipumbu et al.31 and El Hajaji et al.48 and higher than that reported
by Sahin et al.,23 respectively. Difference in total phenolics and total
antioxidant activity in carob powder could be due to differences
in the extraction procedure (solvent, temperature and duration of
extraction) which have a great effect on the extraction of the differ-
ent phenol fractions.8 The degree of fruit ripening is also a factor
to consider when assessing the total phenolic content. Benchikh
et al.49 reported that phenolic content in carob pods decreased

by around 91% upon ripening. Roasting treatment significantly
increased total phenolic content and total antioxidant activity in
line with previous findings.22,23 This increase in total phenolics and
antioxidant activity was linked to the induced tannin content of
carob powder upon roasting,23,50 the Maillard reaction products
that were formed, and the breakdown of the cellular structures of
the carob pod which could allow the previously bound phenolics
to be released and become water soluble.22,23

No significant effect of carob pod variety was found on sugar
content (data not shown). Sucrose was the most abundant sugar in
the pods, followed by fructose and glucose, as reported for other
carob varieties.5,45 The roasting treatment significantly increased
fructose and glucose levels in carob powders (80 vs. 97 g kg−1

and 23 vs. 39 g kg−1) in coherence with the results reported
by Youssef et al.33 However, Yousif and Alghzawi27 and Iipumbu
et al.31 reported higher fructose/reducing sugars for unroasted
carob.

KSR had the lowest L-, a- and b-values, while MJUR had the
highest L-value. The L-value of KSR was slightly lower than the
L-value ranges for cocoa powder reported by Miller et al.51 and
roasted coffee powder reported by Summa et al.52 indicating that
KSR carob powder was the darkest in colour between the carob
powders, cocoa powders and coffee powders because it had the
lowest L-value. BIKUR had the highest b-value which is slightly
lower than the b-value reported for cocoa powder51 and slightly
higher than the b-value reported for roasted coffee powders.52 MJR
(Makdissi Jnoub roasted) had the highest a-value belonging to
the a-value range of roasted coffee powders51 but lower than the
a-value range for cocoa powders.51

Chemical analyses of the carob-based milk beverage
Table 4 summarises the least squares means of the chemical
analyses for CBM beverages. There was a significant variety
effect on total phenolics, total antioxidant activity levels, L-value,
a-value and b-value (P < 0.001) (Table S2). Significant roasting
treatment effect was obtained for total phenolics levels, L-value
and a-value (P < 0.001), moisture, sucrose and total antioxi-
dant activity (P < 0.01) (Table S2). Significant differences were
obtained in variety× treatment interaction for total phenolics,

Table 4. Least squares means of moisture, protein, total phenolics, total antioxidant activity and colour values for carob pod variety× roasting
treatment interaction for CBM beverages

Carob pod
variety Treatment Moisture

Total
phenolics

Total antioxidant
activity L-value a-value b-value

KS Unroasted 888± 0bcd 12± 0ef 7.0± 0.0e 51.5± 0.3bc 3.0± 0.1ef 10.9± 0.1bc

Roasted 891± 0bc 15± 1b 6.9± 0.0e 39.0± 1.2g 3.2± 0.1de 8.7± 0.4f

JN Unroasted 890± 0bcd 9± 0g 12.2± 0.1a 48.2± 0.2de 2.5± 0.0g 9.9± 0.0d

Roasted 887± 0bcde 8± 0h 10.8± 0.1ab 47.2± 0.7e 3.2± 0.1de 9.0± 0.0e

BIK Unroasted 894± 1a 12± 0ef 7.6± 0.5de 52.2± 1.2b 2.8± 0.3fg 11.3± 0.3b

Roasted 891± 1ab 12± 0de 9.3± 0.1bcde 44.9± 0.7f 4.3± 0.1a 12.3± 0.1a

MJ Unroasted 886± 0de 5± 0i 10.3± 0.1abc 50.1± 0.3cd 3.4± 0.0cd 9.9± 0.0d

Roasted 885± 1de 16± 0a 8.2± 2.3cde 50.0± 0.6cd 4.2± 0.1a 9.9± 0.2d

AK Unroasted 886± 0de 13± 0cd 3.5± 0.1f 52.9± 0.1b 3.1± 0.0def 10.7± 0.0c

Roasted 884± 4ef 11± 0f 9.7± 0.0bcd 47.6± 0.3e 4.0± 0.0ab 10.8± 0.1c

SM Unroasted 886± 0de 14± 0c 8.6± 0.5bcde 55.7± 0.2a 2.8± 0.1fg 10.2± 0.1d

Roasted 880± 2f 13± 0cd 10.4± 0.1abc 51.3± 0.4bc 3.7± 0.0bc 12.2± 0.1a

a–iMeans within each column which do not share a letter are significantly different (P < 0.05).
Moisture in g kg−1; total phenolics in g GAE kg−1; total antioxidant activity measured by the ABTS radical decolorisation assay in mmol Trolox equivalent
kg−1.

J Sci Food Agric 2016; 96: 3047–3057 © 2015 Society of Chemical Industry wileyonlinelibrary.com/jsfa
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Table 5. Least squares means of descriptive sensory attributes (rated on a 15 cm line scale) for carob pod variety and roasting treatment for CBM
beverages (Main effects only).

Carob pod variety Treatment

Variable KS JN BIK MJ AK SM SDa Unroasted Roasted SDb

Appearance
Level of residue 1.6b 1.6b 1.5b 1.7b 1.6b 3.7a ±0.9 1.6b 2.3a ±1.3
Colour 5.4a 5.5a 5.5a 3.7b 2.9b 5.0a ±3.0 2.8b 6.5a ±2.6

Odour
Mocha 4.8a 3.7a 4.9a 4.1a 4.0a 4.7a ±2.7 3.6b 5.2a ±2.6
Roasted coffee 3.2a 2.7a 3.4a 2.7a 2.8a 3.1a ±1.9 2.5b 3.5a ±1.8
Molasses 5.7a 5.6a 7.1a 5.5a 6.8a 5.8a ±3.0 5.8a 6.4a ±3.0
Caramel 5.4a 5.0a 6.3a 5.8a 6.3a 5.5a ±2.9 5.3b 6.1a ±2.9
Rice milk 5.3a 6.1a 4.8a 6.2a 5.8a 5.7a ±3.4 6.7a 4.7b ±3.2
Butterscotch 5.4a 5.5a 5.3a 5.4a 5.5a 4.8a ±3.2 5.2a 5.4a ±3.1

Flavour
Sweet taste 8.8a 9.2a 8.8a 9.9a 9.8a 9.3a ±2.6 9.1a 9.5a ±2.6
Mocha 4.6a 3.2a 4.5a 3.9a 4.1a 4.6a ±2.6 3.3b 5.0a ±2.5
Roasted coffee 3.7a 2.4a 3.0abc 2.6bc 2.8bc 3.4ab ±2.0 2.3b 3.7a ±1.8
Rice milk 5.1ab 6.2a 4.6b 5.3ab 5.1ab 5.2ab ±3.1 6.4a 4.2b ±2.9
Molasses 6.0a 5.7a 5.7a 6.3a 6.3a 6.3a ±2.8 5.9a 6.2a ±2.7
Caramel 5.5b 5.5a 6.0ab 7.0a 6.6ab 7.3a ±2.7 6.0b 6.6a ±2.7
Butterscotch 5.4a 5.6a 5.9a 6.3a 5.2a 5.3a ±3.5 5.4a 5.8a ±3.5
Bitter taste 5.3a 3.7b 3.7b 3.1b 3.6b 4.0b ±2.3 3.6b 4.3a ±2.4

Mouth-feel
Viscosity 3.8ab 3.7ab 4.0ab 3.6b 3.5b 4.7a ±2.6 3.6b 4.2a ±2.6
Smoothness/body 9.0a 9.4a 9.5a 9.1a 9.8a 9.3a ±3.5 9.3a 9.4a ±3.5
Mouth-coating 7.7a 7.3a 6.9a 7.3a 6.6a 8.0a ±2.9 7.2a 7.4a ±3.0
Pungent 4.5a 3.4ab 3.3b 3.1b 3.1b 3.8ab ±2.1 3.4a 3.6a ±2.2

Aftertaste
Sweet 6.4b 7.3ab 7.3ab 8.0a 7.6ab 6.9ab ±3.0 7.0a 7.5a ±3.0
Bitter 5.3a 3.4b 4.1b 3.3b 4.1b 4.4ab ±2.3 3.5b 4.6a ±2.4

a SD: Pooled standard deviation for all six varieties;
b SD: Pooled standard deviation for two roasting treatments.
a–cMeans within each row which do not share a letter are significantly different (P < 0.05).

total antioxidant activity, L-value, a-value and b-value (P < 0.001),
moisture (P < 0.01) and protein levels (P < 0.05) (Table 4).

In general, the CBM beverages containing the roasted carob
powders had significantly higher amounts of total phenolics and
total antioxidants, whereas the CBM beverages containing the
unroasted carob powders had significantly higher amounts of
moisture. Specifically, the MJUR (Makdissi Jnoub unroasted) based
beverage had the lowest amount of total phenolics and the JNUR
one had the highest amount of total antioxidants along with the
MJUR, JNR and SMR based beverages. The beverage containing
BIKUR had the highest levels of moisture along with the beverage
that contained BIKR.

The values of total phenolics in CBM beverages (per 250 mL cup)
in the current study were higher than the amount of polyphe-
nols per cup of coffee, tea and wine.53 The increase in detection of
polyphenols in carob powder when added to milk might be mainly
due to the carrageenan added to the beverage and the indige-
nous polysaccharides (cellulose and hemi-cellulose) in the carob
powder. In fact, these latter compounds increase the solubility of
protein–polyphenols complexes thereby allowing the dissolution
of the milk proteins–polyphenol aggregates and rendering the
polyphenols more amenable for extraction.54

In a similar manner to the carob powder results, SMUR had the
highest L-value while KSR had the lowest L-value. The KSR value

was lower than L-values reported for chocolate milk drinks and
dairy-based coffee beverages.55,56 KSR also had the lowest b-value
which is slightly lower than the b-value reported for chocolate
milk drinks55 but much lower than the b-values reported for
dairy-based coffee beverages.56 JNUR had the lowest a-value and
BIKR along with MJR and AKR had the highest a-value. The highest
and lowest a-values in this study were lower than the a-values for
both chocolate milk drinks55 and dairy-based coffee beverages.56

Descriptive analysis
Table 5 and Table 6 summarise the least squares means of the
descriptive analysis for variety and roasting treatment, and their
interaction, respectively. There were significant differences for
panellist for butter scotch odour, smoothness/body mouthfeel,
mouthcoating (P < 0.01), viscosity mouthfeel (P < 0.001), mocha
odour, molasses odour, roasted coffee odour, rice milk odour,
roasted coffee flavour, molasses flavour, bitter taste, pungent
mouthfeel and sweet aftertaste (P < 0.05). Variety had a signifi-
cant effect on level of residue, colour, caramel flavour (P < 0.001),
roasted coffee flavour, bitter taste, bitter aftertaste (P < 0.01),
mocha odour and pungent mouthfeel (P < 0.05). The roasting
treatment of carob pods had a significant effect on colour, rice milk
flavour (P < 0.001), level of residue, mocha odour, roasted coffee

wileyonlinelibrary.com/jsfa © 2015 Society of Chemical Industry J Sci Food Agric 2016; 96: 3047–3057
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odour, rice milk odour, mocha flavour (P < 0.01), caramel odour,
roasted coffee flavour, butter scotch flavour, viscosity mouthfeel
and bitter aftertaste (P < 0.05). The variety× treatment was sig-
nificant for level of residue, colour, roasted coffee odour, butter
scotch odour, roasted coffee flavour, bitter taste, pungent mouth-
feel (P < 0.001), mocha odour, rice milk odour, sweet aftertaste
(P < 0.01), caramel odour, mocha flavour, caramel flavour and bitter
aftertaste (P < 0.05).

The CBM beverages containing the roasted carob powder
obtained the highest means for colour, roasted coffee odour and
flavour, caramel odour, mocha odour and flavour, viscosity mouth-
feel and bitter aftertaste. CBM beverage containing the BIKR had
the highest score for colour along with KSR beverage, indicating
a darker colour for these beverages which is in agreement with
the L-values of the corresponding carob beverages. Similarly,
the KSR beverage obtained the highest rating for roasted coffee
odour and flavour. The reason behind this finding is attributed to
pyridines, pyrazines, aldehydes and ketones which are associated
with roast aroma and flavour and were found to increase in carob
powder upon roasting.25,26 KSR also obtained the highest ratings
for the caramel odour attribute. Fadel et al.57 found that cocoa
substitute [mixture of chicory roots and roasted carob pods (1:2
w/w)] contains cyclotene, maltol, furaneol and furans which were
linked to the odour quality of caramel because they provide a
warm and sugary flavour note.25,57,58 The KSR based beverage
obtained also the highest ratings for mocha odour and mocha
flavour. Different classes of pyrazines present in cocoa substitute
and roasted carob powder have been linked to chocolate, cocoa
and coffee flavour sensory attributes.25,57,59 SMR and KSR bev-
erages obtained the highest scores for viscosity mouthfeel and
bitterness aftertaste, respectively. This finding is mainly due to the
higher content of polyphenols in the roasted carob powder23,50

which have the ability to form complexes with milk proteins
and polysaccharides.54 (Table S1 and Table S2, in the supporting
information.)

On the other hand, unroasted carob powder beverages exhib-
ited significantly higher scores for rice milk odour and rice milk
flavour attributes. KSUR and JNUR beverages obtained the highest
ratings for rice milk odour and rice milk flavour, respectively. This
undesirable taste and smell might have been due to the presence
of isobutyric acid, which might be somehow lost upon roasting
leading to higher sensory quality of the CBM beverages containing
the roasted carob powder.24

Principal component analysis
Figure 2 and Fig. 3 illustrate the principal component analysis for
the first two components which explained 55.48% of the varia-
tion in the scores for the sensory attributes, with PC1 and PC2
accounting for 38.49% and 16.99%, respectively. PC1 separated the
attributes based on treatment of the carob powders (roasted vs.
unroasted). The positive side of PC1 included four CBM beverages
containing roasted carob powders (AKR, BIKR, KSR and SMR) and
one containing unroasted carob powder (MJUR). These beverages
were mostly defined by the appearance attributes, the attributes
related to odours and flavours of mocha, roasted coffee, molasses,
caramel and butterscotch, bitter taste and aftertaste, viscosity and
mouthcoating. The negative side of PC1 included five CBM bev-
erages containing unroasted carob powders (BIKUR, AKUR, SMUR,
JNUR, KSUR) and two containing roasted carob powders (JNR and
MJR). These beverages were defined by five attributes: rice milk
odour and flavour, smoothness, and sweet taste and aftertaste.

Figure 2. Sensory evaluation of CBM beverage as a function of the roasting
treatment and carob pod variety. Correlation circle for the principal com-
ponent analysis of the descriptive analysis. Descriptive analysis parameters:
1, level of residue; 2, colour; 3, mocha odour; 4, roasted coffee odour; 5,
molasses odour; 6, caramel odour; 7, rice milk odour; 8, butterscotch odour;
9, sweet taste; 10, mocha flavour; 11, roasted coffee flavour; 12, rice milk
flavour; 13, molasses flavour; 14, caramel flavour; 15, butterscotch flavour;
16, bitter taste; 17, viscosity; 18, smoothness/body; 19, mouthcoating; 20,
pungent mouthfeel; 21, sweet aftertaste; 22, bitter aftertaste.

These results showed clearly the impact of roasting on the flavour
complexity of carob powder and its resulting beverages.

PC2 separated the attributes based on the variety of carob pow-
der that was incorporated into the beverages. The positive side
of PC2 included the CBM beverages containing powders of three
varieties: BIK, AK and MJ in their roasted and unroasted forms, in
addition to beverages containing JNR and SMUR powders. These
beverages were characterised by the odour and flavour associated
with caramel, molasses, roasted coffee, mocha and butter scotch,
smoothness, and sweet taste and aftertaste. The negative side of
PC2 included the beverages that contained the KS carob powder
in its roasted and unroasted form along with beverages contain-
ing SMR and JNUR carob powders. These beverages were defined
by nine attributes which were mainly appearance and mouthfeel
attributes in addition to one odour attribute (rice milk), two flavour
attributes (rice milk and bitter taste) and one residual attribute (bit-
ter aftertaste).

Hedonic evaluation
Table 7 summarises the least squares means of the consumer
acceptability test. There was a significant panellist effect (P < 0.01)
and roasting treatment effect (P < 0.001) for all acceptability
attributes. Variety of carob pod had a significant effect on overall
acceptability, appearance (P < 0.001), and flavour and texture
(P < 0.01). The panellist× treatment interaction had a significant
effect only on overall acceptability and acceptability of flavour
(P < 0.05). The variety× treatment interaction had a significant
effect on appearance (P < 0.001), overall acceptability, accept-
ability of flavour and texture (P < 0.05). The panellist× variety
interaction did not show any significant effect on any of the
acceptability factors.

wileyonlinelibrary.com/jsfa © 2015 Society of Chemical Industry J Sci Food Agric 2016; 96: 3047–3057
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Figure 3. Sensory evaluation of the CBM beverage as a function of the roasting treatment and carob pod variety. Sample map for the principal component
analysis of the descriptive analysis.

Table 7. Least squares means of acceptability variables for carob pod
variety and roasting treatment for CBM beverages

Acceptability
variable

Overall
acceptability Appearance Flavour Texture

Carob pod variety
KS 5.0± 1.9ab 5.1± 1.8ab 4.7± 2.1b 5.1± 1.8bc

JN 4.5± 2.0b 4.2± 1.9c 4.6± 2.2b 4.8± 2.0c

BIK 5.1± 1.9a 5.1± 1.8ab 5.0± 2.1ab 5.9± 2.0ab

MJ 5.2± 1.6a 4.9± 1.5b 5.2± 1.9ab 5.4± 1.5ab

AK 5.6± 1.4a 5.5± 1.6a 5.6± 1.7a 5.7± 1.4a

SM 5.2± 1.7a 5.1± 1.6ab 5.1± 2.0ab 5.3± 1.7abc

Treatment
Unroasted 4.8± 1.8b 4.6± 1.7b 4.7± 2.1b 5.0± 1.8b

Roasted 5.4± 1.7a 5.4± 1.7a 5.4± 1.9a 5.6± 1.7a

a–cMeans within the same column which do not share a letter are
significantly different (P < 0.05).

The beverages containing the roasted carob powders had signif-
icantly higher values for all acceptability variables. This outcome
corroborates the descriptive analysis results (Table 5) that showed
significantly higher means for different odour and taste attributes,
such as mocha, roasted coffee and caramel. These attributes are
usually associated with other dairy beverages such as milk choco-
late or coffees based drinks, and provide a tasteful flavour to such
beverages. On the other hand, these roasted beverages obtained
significantly lower scores for odour and flavour attributes associ-
ated with rice milk, which usually imparts a bad smell/taste to the
beverage, as explained earlier in the descriptive analysis section.
When considering only the effect of the variety of carob pod, CBM
beverage containing AK carob powder had the highest values for
overall acceptability, acceptability of appearance, flavour and tex-
ture but they were not significantly different from that containing
BIK. These results are in agreement with the descriptive analysis
outcomes as discussed earlier.

The highest scores for the acceptability variables achieved for the
CBM beverage in this study were slightly lower than the scores of
the acceptability variables reported by Yousif and Alghzawi27 and
Iipumbu et al.31 (6.69 and 6.71, respectively); and much lower than
the scores of the acceptability variables reported by Abdul-Azizi
Awlia et al.20 and Youssef et al.33 (7.9 and 8.4, respectively). This
finding might be due to several factors, one of which is the serving
temperature of the beverage because some of the mentioned
studies served the CBM drink hot, which was not the case in
this work. Other reasons might be: incorporating a lower amount
of carob powder per 100 ml of the milk beverage, incorporating
sucrose into the beverage, using full fat milk, using a higher
amount of vanilla or adding a flavour enhancer as chocolate
flavour.

CONCLUSION
Given the results of this study, when attempting to produce a CBM
beverage, it is highly recommended to use only roasted carob
powder due to the great effect that roasting has on the sensory
attributes of carob powder and thereby yielding a CBM beverage
of satisfactory overall acceptability scores. Moreover, if a CBM bev-
erage formulated with carob powder from local carob pods were
to be launched into the market, it is advisable to use AKR or BIKR
or a combination of both since the addition of the latter pow-
ders revealed the highest acceptability ratings and had a relatively
good amount of total antioxidants and total phenols. In addition
to the relatively high amount of total phenols and total antiox-
idants present in roasted carob powder, fortifying the beverage
with carob germ meal can help increase the protein content, hence
improving the nutritional profile of the CBM beverage. However,
the effect on the sensory profile and acceptability of this addition
is unknown.
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