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Abstract

Halva is a confectionery product made from tahini, sugar, and soapwort extract. In the present investigation, eight halva formula-

tions were made from two varieties of Venezuelan sesame (G-150 and DV-9), which were roasted or dehulled. The physical charac-

teristics of the halva formulations obtained were described, such as texture and color, and significant differences were found in those

samples that were made from the whole seed of the dehulled seeds. The proximate characterization of the formulations showed that

the products have a high protein and fat content (25.96-29.89% and 39.10-35.42%, respectively), so a 100-gram fraction will have

a high caloric intake. An untrained panel's sensory evaluation (7-point hedonic scale) yielded an overall acceptability between 6.00

and 5.71. However, some formulations were not highly appreciated by the panelists. The content of antinutritional agents is at safe

levels, so it does not threaten the consumer's health. The halvas showed a protein digestibility of 52% for all formulations.

Keywords: Sesame Seeds; Tahini; Tahini Halva; Dehulled

Introduction

Sesame plays an essential role in human nutrition and medicine,
pharmacy, industry, and agriculture, but its most important use is
obtaining edible oil from roasted or unroasted seeds. Sesame oil
has a high proportion of polyunsaturated and monounsaturated
fatty acids (linoleic acid (~50%) and oleic acid (~37%) of the lipid
fraction, respectively), which results in it being a vegetable oil sen-
sitive to oxidative rancidity [1,2]. Sesame oil has a high proportion
of unsaponifiable matter, such as a-tocopherols, sesamol, and sesa-
min [3]. It has been reported that they have antioxidant properties
that safeguard sesame oil’s sensorial and nutritional attributes, and
they enjoy anti-mutagenic activity against species sensitive to oxi-
dation [4]. On the other hand, protein concentrates obtained from
sesame cake present a potential nutritional alternative for human
consumption or use as raw material in the food industry as a func-
tional or nutritional ingredient in a wide variety of food products
[5]. These lignified compounds, in turn, offer important nutritional
characteristics such as cancer prevention and lowering of LDL cho-

lesterol and are precursors of antioxidant biomolecules in the liver

[6-8]. Products made with sesame, such as halva, acquire all these
attributes. Halva is a confectionery product widely used in various
Asian, African, and Eastern European countries for centuries and is
available in different forms and flavors. It is a fatty product due to
its high tahini content, which contains more than 50% sesame oil.
It is usually made from a paste of sesame seeds (tahini), sucrose
or inverted sugar, and soapwort extract (Saponaria officinalis) [9].
UNIDO [10] states that halva is formulated with a 1:1 ratio of ta-
hini and nougat, and other ingredients such as nuts, cocoa powder,
vanilla, or vanilla extract (if desired) are added. Additives such as
citric acid and soya lecithin may be included to safeguard the prod-
uct’s sensory attributes. To achieve characteristic flavors, aromas,
and consistency in halva production, foaming agents (gelatin), soy
protein extracts, chocolate, cocoa powder, and egg whites can be
used [9]. Halva is a high-calorie product, and there is an increasing
demand for healthy food products. Halva formulations have been
guided by using enriched fibers and nuts containing compounds
with biological activity, especially polyphenolic compounds with
antioxidant properties [11-13]. The study aimed to evaluate two

varieties of sesame seeds to obtain different halva formulations.
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Materials and Methods
Seed roasting

Whole or dehulled sesame seeds (0.2 kg) (depending on the
type of tahini to be made) were meticulously and precisely roasted
using a conduction oven at 400°F for exactly 4 minutes, ensuring

the perfect balance of flavor and texture.

Preparation of Tahini for Halva

To obtain the tahini’s from the different treatments applied to
the sesame seeds, a disc mill was used until a coarse paste was
obtained. This paste was then introduced into a wet mill, a tra-
ditional and effective method that connects us to the heritage of
Tahini production, where its size was reduced for 24 hours. The
tahini’s were obtained and coded as T1 and T2 for the dehulled-
roasted sesame seed varieties G-150 and DV-9, respectively. T3
and T4 for the dehulled-unroasted sesame seeds varieties G-150
and DV-9, respectively. T5 and T6 for the whole-roasted sesame
seeds varieties G-150 and DV-9, respectively. T7 and T8 for whole-
unroasted seeds. The different formulations are described in Table
1. The tahini’s were packaged and stored at refrigeration tempera-
ture (42C).

Halva preparation

Each tahini was used and standardized according to the param-
eters required to prepare the different Halva. The ingredients used
in the preparation were sucrose, drinking water, and soapwort ex-
tract. Calcium chloride was used as an additive to achieve the de-
sired texture, and citric acid was used as a pH modifier. The follow-
ing were mixed: sucrose, water, soapwort extract, calcium chloride,
and citric acid, according to the proportions to be standardized to
obtain the nougat (syrup). The mixture was then subjected to heat
treatment by conduction until reaching a temperature of 121°C.
Once the desired temperature was reached, the tahini was added
and mixed vigorously with the nougat. The mixture was then mold-
ed and refrigerated until it completely solidified. Figure 1 shows

the technological scheme for the preparation of Halva.

Color parameters

Color parameters were measured using a HunterLab® Color-
Flex Spectrophotometer 45°/0° Standards serial number CX-1719
(HunterLab, Inc., Reston, VA). Only the values of the SCE (Specular
Component Excluded) considered as these claimed to be more cor-
related with observations of the human eye. The Spectrophotom-
eter calibrated with the white standard plate (X: 79.45, Y:84.20,
7:88.12, L*:93.54, a*-0.81 y b*:1.58). Results were expressed in
terms of L* (lightness component), a* (green to red component),
and b* (blue to yellow component). Other essential color param-

eters were calculated using L*, a* and b* [14].
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Figure 1: Technological scheme to produce halva.

TPA

The texture profile of halva was analyzed using a texturometer,
TA-XT2i (Stable Micro Systems, Surrey, UK), following the method-
ology of [9,15]. Two compression tests were performed with a set
of HDP/BSW blades. The speed conditions during the pre-test and
test were 0.5 mm per second. In comparison, the post-test speed
was 2 mm per second with a distance of 15 mm. TPA determined
texture parameters such as hardness, adhesiveness, fibrousness,

cohesion, elasticity, chewiness, and gumminess.

General aceceptability

A survey was conducted through the Google Forms applica-
tion. Panelists who did not present neophobia to try a new product
and liked the taste of sesame and its by-products, allergies, health
problems, or special diets were selected. Sample service, the sen-
sory evaluation tests were carried out in the booths of the Sensory
Evaluation laboratory of the Institute of Food Science and Technol-
ogy of the Faculty of Sciences of the Central University. Caracas,
Venezuela. The eight formulations were cut into squares with an
approximate area of 1 cm2 and served on white cellulose plates.
The formulations were named with 3-digit codes with numbers
selected from a table of random numbers. The samples were of-
fered with soda crackers and drinking water to cleanse the palate
between each sample. The acceptability of the halva formulations
was assessed through a verbal hedonic scale so that the panelists
could report on the degree of acceptance they had for the formula-
tions. An odd scale of seven (7) points was made, anchored at the

extremes with “I dislike it a lot” and “I like it a lot,” leaving at the
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midpoint “I neither like it nor dislike it,” with “I dislike it a lot” be-
ing equivalent to one (1) and “I like it a lot” being equivalent to
seven (7). Two evaluations were made so as not to saturate the
panelists. First, they were offered four samples, and they made
the evaluation. They were allowed to rest for 30 to 60 minutes and

tried the remaining four samples.

Chemical composition and physicochemical analysis

The moisture content (925.10), total ash (923.03), total ni-
trogen (979.09), titratable acidity, and pH (943.02), lipid extract
(920.39) were estimated according to AOAC [16]. Carbohydrates
by difference by INN [17]. In vitro protein digestibility by [18]. The
water activity (aw) was measured in the psychrometric equipment
for determining water activity (Aqua Lab, CX2). Antinutritional

compounds as described in [19].

Statistical analysis

Statistical analyses were performed using the SPSS [20] (Ver-
sion 13.0, SPSS Inc., Chicago, IL, USA), where descriptive statistics
were calculated and parametric statistical tests such as Student's t-
test, ANOVA, and non-parametric tests such as Kruskal-Wallis were
performed. All statistics were based on a confidence level of 95%,

and p < 0.05 was considered statistically significant

Results and Discussion
Tahini preparation

Once the hydrothermal chemical debarking process with po-
tassium hydroxide was carried out, a yield of 90.90 + 0.70% was
obtained. The results obtained demonstrate that the process is
efficient. It was observed that the bark can be eliminated at low
alkali concentrations and removed with pressurized water, thus
obtaining debarked seeds. There are reports of similar yield in-
dices hydrothermal debarking using sodium hydroxide (NaOH)
[21,22]. The yield of the roasting process was 95.54 + 0.53% for
the dehulled and whole seeds, while for the dehulled seeds, a value
0f 93.56 * 0.78% was obtained. It can be assumed that this weight
loss is due to the loss of water and volatile compounds due to the
exposure of the sesame seed to high temperatures, added to the
occurrence of non-enzymatic browning reactions such as Maillard
between proteins and free-reducing sugars and caramelization of
the free sugars that release water from the constituents that react
at high temperatures, this agrees with Hyeon-wee [23] who char-
acterized the loss of free sugars and amino acids after a roasting
process that plays a fundamental role in Maillard reactions. The
yield of the grinding process was 85.27 = 2.67%. The result ob-
tained demonstrated that it is an efficient process. This perfor-
mance can be associated with the loss of material that occurs when
the product adheres to the surface of the mill, as well as the loss
of volatile compounds and water that occurs during the grinding
process. Codes (Table 1) with odd numbers belong to the G-150 va-
riety, and codes with odd numbers belong to the DV-9 variety. The
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first four formulations were made with peeled sesame seeds, which
were subjected or not to a roasting process, while the last four for-
mulations were made with whole sesame seeds subjected or not to
roasting. The roasting process developed interesting (characteris-
tic) flavors and aromas that were transferred to the halvas. In turn,
they generated different colors ranging from a cream color charac-
teristic of sesame to brown colors produced by roasting. However,
the tahini formulations where the seed was not roasted had flavors
and aromas characteristic of sesame. Unlike roasting, the presence
of the peel generated acidic and astringent tastes and dark brown
and greenish colors. The sesame seed husk’s oxalic acid and indi-
gestible fiber probably produce these greenish and brown astrin-
gent flavors [24].

Code Variety Hull Roasted
T1 G-150 No Yes
T2 DV-9 No Yes
T3 G-150 No No
T4 DV-9 No No
T5 G-150 Yes Yes
T6 DV-9 Yes Yes
T7 G-150 Yes No
T8 DV-9 Yes No

Table 1: Coding for formulated halvas.

Tahini properties
Physical-rheological behaviour of tahinis

Formulations T1 to T6 decreased the resistance to flow (Table
2) as the shear force was increased. That is, the behavior is that
of a pseudoplastic non-Newtonian fluid. However, T7 and T8 could
not be determined under the same spindle since they saturated at
the first speeds. Tahini from sesame seeds with husks presented
a higher resistance to shear forces. All maximum and minimum
viscosities are in the same order. T5 and T6 (whole) have a higher
relative viscosity than those dehulled (T1, T2, T3, and T4). T1 and
T2 have a lower relative viscosity than tahini made from the same
seeds without roasting. It can be inferred that the differences be-
tween viscosities are due to the processes applied to the sesame
seeds. Tahini from roasted seeds flowed more and generated less
resistance to shear forces than those not roasted. This is probably
due to the denaturation of proteins due to the effect of the toasting
temperatures. This denaturation decreases the intermolecular in-
teractions that form the emulsion. Likewise, the formulations from
whole sesame seeds presented a higher viscosity. It can be inferred
that the fiber from the husk generates a more excellent resistance
to flow and, therefore, greater viscosity. Some authors have de-
scribed how the effects of colloidal stability and tahini’s rheology
depend on the particle size and the heat treatment to which the
sesame seed or sesame paste is subjected [25]. Table 2. Relative

viscosity range of tahini formulations.

Citation: Guzman-Alvarez Romel, et al. “Evaluation of Tahini Halva made from Two Varieties of Sesame Seeds with Roasting and Dehulling Treatments".

Acta Scientific Nutritional Health 9.2 (2025): 15-24.



Evaluation of Tahini Halva made from Two Varieties of Sesame Seeds with Roasting and Dehulling Treatments

Code Max_imun_n Relative Min_imun_l Relative
Viscosity (cp) Viscosity (cp)

T1 2,5x104f 2,3x103e
T2 51x104e 2,6x103d
T3 6,1x104d 29x103 ¢
T4 7,0x104 c 29x103c¢
T5 8,7x104 a 52x103b
T6 8,0x104b 54x103a
T7 Nd Nd

T8 Nd Nd

Table 2: Relative viscosity of tahini.
Results expressed as an average of 3 replicates with their associ-
ated deviation. Superscript letters indicate significant differences

between formulations of p < 0.05. Nd: Not determined.

Consistency

The formulations made with the G-150 variety (T1, T3, T5, and
T7) traveled a greater distance than the tahinis formulated with
the DV-9 variety (T2, T4, T6, and T8) (Table 3). The tahinis made
with roasted and hulled seeds (T1, T2, T5, and T6) showed a lower
resistance to flow compared to T3, T4, T7, and T8. These results
showed significant differences between the tahini formulations
made. The differences between the resistance to flow and the con-
sistency obtained may be due to the roasting and the fiber content
from the husk. As explained above, roasting heat can denature the
sesame proteins responsible for generating the surfactant proper-
ties that emulsify the tahini and can develop resistance to flow. On
the other hand, the fiber content may also generate resistance to

flow; those seeds with a shell presented a higher moisture content.

Code Central route (cm) Moisture (%)
T1 18.5+0.3a 0.54 +0.03
T2 17.5+0.5a 0.71+0.02
T3 15.0 £ 0.4a 0.77 £ 0.03
T4 12.0 £ 0.6a 0.67 £0.01
T5 11.5+0.7b 0.62£0.01
T6 11.5+0.3b 0.54 £ 0.01
T7 6.5+ 0.6¢ 0.95+0.02
T8 5.0 £0.4c 1.12 +0.02

Table 3: Route of the different tahinis through the Bostwick
consistometer.

Results expressed as an average of 3 replicates with their
associated deviation. Superscript letters indicate significant

differences between formulations of p < 0.05.
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Color tahini and Halva

The lightness (L*) of the tahinis varied between the ranges of
70.94 + 0.12 (for T4) and 37.37 + 0.23 (for T6), and significant dif-
ferences were found between the lightness of the formulated tahi-
nis, where the differences were observed between the tahinis that
came from different treatments (roasted or dehulled). The param-
eter a* (red/green) is bounded between the values of 9.77 + 0.07
and 1.20 £ 0.03, and significant differences were found between the
treatments carried out on the sesame seed. It should be noted that
the same pattern is monitored in the parameter b* (yellow/blue).
However, this was found to be bounded between 19.88 + 0.30 and
28.04 £ 0.37). The color (Table 4 and Table 5) of tahini is influenced
by its main constituent composition and the presence of coloring
agents, such as carotene, green pigments, and chlorophyll, whose
effect on color is increased by the roasting and peeling processes. A
combination of light scattering and absorption phenomena deter-
mines the overall appearance of the food. Temperature increases
accelerate the Maillard and caramelization reactions that generate

the darkening of the seed that is carried over into the tahini.

Code L* a* b*

T1 51.67 £ 0.20b 7.44 +0.02a 28.04 +0.37a
T2 43.15+0.20b 9.77 £ 0.07b 26.52+0.21b
T3 68.63 + 0.04a 1.20 +0.03c 21.6 £ 0.05b

T4 70.94 +0.12a 1.61+0.15¢ | 21.36+0.02bc
T5 44.46 + 0.06bc 8.20 £ 0.04d 27.28 +0.06b
T6 37.37 £ 0.23c 8.62+£0.01d | 26.87 +0.07bc
T7 40.12 £ 0.21bc 4.27 £0.03e | 19.88 +0.30cd
T8 40.42 £ 0.03c 4.24 + 0.06e 20.17 £0.21d

Table 4: Color profile of different tahinis.
Results expressed as an average of 3 replicates with their
associated deviation. Superscript letters indicate significant

differences between formulations of p < 0.05.

It can be inferred that the highest fiber concentration and pig-
ments, such as chlorophyll, are present in the sesame peel. Once
this peel is homogeneously distributed after the grinding process,
color changes occur in the product; for this reason, an increase
in the a* and b* coordinates is observed because plant pigments
such as chlorophyll and carotenoids tend to reflect green, yellow,
and red-light waves, which are measured by parameters a* and b*.
Caramelization and Maillard reactions also influence the increase
in these parameters by creating tones and colors associated with
yellow and brown. The color change in colloidal dispersions (espe-
cially in sesame pastes such as tahini) and how their particle size,
constituents, colorants, and production line processes (roasting)
generate color changes in the food matrix, which is consistent with
the results obtained in this study [25,26].
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Code L* a* b*
H1 45.63 + 0.99b 13.22+£0.21a | 31.53+1.06a
H2 42.23 +3.63bc 8.19+0.48b | 21.80+1.32b
H3 61.02 £ 2.26a 2.70 £0.16e 2241 +1.00b
H4 58.35+1.34a 1.79+0.36e | 19.93 +0.20bc
H5 41.15 + 1.86bc 7.31%£0.40c 2211+1.12b
H6 38.67 £3.02c 7.22+0.23c | 20.01 £1.24bc
H7 39.81 +3.57bc 3.72+£0.33d | 16.54+1.78d
H8 38.71 £ 3.04c 394 +0.26d | 18.10 £ 0.65cd

Table 5: Color profile of different halva formulations.
Results expressed as an average of 3 replicates with their

associated deviation. Superscript letters indicate significant
differences between formulations of p < 0.05.

Halva formulation

As established by [9,10] commercial halva formulations were
made in equal proportions of tahini and nougat, with the addition
of citric acid or soy lecithin as permitted additives. For this reason,
formulations were prepared where the amount of tahini and sugar
were equal, and formulations with expected texture and sensory
attributes were achieved. Next, it was decided to standardize cit-
ric acid and soapwort extract use. Each ingredient and parameter
used is essential in the formulation of halva. This is because it is
a complex food matrix, where interactions are achieved after the
inversion of the saccharose and, at the same time, a slight cara-
melization of the same, thus causing interactions between glucose,
fructose, and the caramelization products, plus the air incorpo-
rated in the mixture with the lipids and proteins of the tahini that
have been precipitated by the action of the saponins of the soap-
wort, thus forming the halva. These interactions can be observed
in the results obtained by [27], where it was shown that lipids flow
through the food matrix, and it is the set of protein interactions,
inverted sugars, saponins, and caramelization products that gen-
erate the fragile and delicate structure of the halva. A total of 40
formulations were established, each presenting different charac-
teristics according to the type of tahini used. However, a standard-
ized formula used 63.34% tahini (T1 to T8), 36.06% refined white
sugar, 0.25% citric acid, 0.35% calcium chloride, and soapwort ex-
tractin 025:1. The temperature used was 123°C. The picture below

shows the halva obtained.

Temperature control allowed for the prediction of the degree of
saccharose inversion and caramelization. To obtain the fine, hard,
and, at the same time, brittle texture of halva, it is necessary to
reach a temperature where a hardness more significant than that
of gum but less than that of caramel can be obtained. In addition,
aeration during mixing incorporates air bubbles into the matrix
that generate a finely divided porous structure characteristic of
halva. The formulation had the incorporation of calcium chloride,
which generated the stability of halva.

19

Figure 2: Color of the different halvas obtained.

TPA Halva

The parameter for fracture ability does not have a defined pat-
tern. Formulations H7 and H8 show greater fracture ability than
the others. This behavior is like adhesiveness and cohesiveness.
Formulations H5, H6, H7, and H8 showed higher hardness, gummi-
ness, and chewiness values. TPA results (Table 6) for the different

halva formulations.

It can be inferred that the variation in hardness, gumminess,
and chewiness parameters is due to using the whole seed. There-
fore, the shell provides a more significant amount of fiber to the
halva formulations that generate a more considerable body in the
food matrix, which may generate a greater force of opposition to
the deformation of the material that simulates the TPA when gen-
erating the first and second bite. However, a defined pattern is not
observed in the other parameters because the causes of their varia-
tions do not depend on the sesame. This possibly comes from inter-
actions between the sugar and the constituents of the tahini. Tex-
ture parameters (especially hardness) vary significantly between
commercial halva samples and that it is not easy to standardize a

methodology to describe the texture attributes of halva [9].

All halva formulations followed the same pattern of opposition
force to material deformation. At first, an increase in the opposition
force generated by material deformation at the first bite could be
observed. In turn, it is noted that the formulations that started from
whole, unroasted seeds (H7 and H8) presented greater resistance
than those that did not (H5 and H6), followed by the formulations
that used tahini from unroasted, dehulled seeds (H3 and H4) than
those that came from roasted, dehulled seeds (H1 and H2). Also,
it was found that the formulations tend to adhere between bites

and generate a force opposing detachment from the teeth when
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Code | Fractur ability (N) | Hardness (N) | Adhesiveness | Cohesiveness (Not unit) | Gumminess (N) Chewiness
H1 6.38+0.01" 16.28+0.02f | -1.57 +0.08° 0.20 + 0.03" 3.28+0.12" 65.52 +0.12"
H2 8.47 £ 0.03¢ 15.14 £ 0.06% | -4.43 +0.04f 0.24 £ 0.08" 7.15 £1.33¢ 142.71 £ 0.03¢
H3 8.57 £ 0.07¢ 16.48 +0.08¢ | -2.36+0.05" 0.32+0.172 521+1.12¢ 104.00 £ 0.09¢
H4 8.89 + 0.05¢ 13.51+£0.06" | -2.85+0.05¢ 0.33+0.16° 4.40 £ 3.26f 87.91 + 0.04
H5 8.25+0.128 2797 £0.07¢ | -2.58+0.12¢ 0.32 £0.34° 3.56 £ 2.52¢ 71.11£0.01#8
H6 8.34+0.11f 33.57 £0.06* | -5.04+0.16" 0.22 £ 0.99¢ 7.50 +2.012 149.84 £ 0.107
H7 11.01 + 0.08° 28.64 +0.10° | -4.67 +£0.098 0.26 + 2.25" 743 +1.16° 148.36 + 0.58°
H8 10.56 + 0.06° 20.09 £ 0.04¢ | -3.90 % 0.06¢ 0.28 + 2.29% 5.58 +1.42¢ 111.53 £ 0.28¢
Table 6: Parameters obtained from texture analysis (TPA).
biting. The same behavior was observed but with less hardness Codel Color Taste Texture |Overall quality
in the second blte..The differences between the halvt?l may be due H1 |5.84+1.22% 559+141° | 597+1.15" | 597+ 1.12°
to the treatment given to the sesame seed. Those with a tremen- H2 1587 £ 0.92%| 516+ 1.24% | 5102 1.11% | 5.16 < 1.10%
dous amount of fiber are harder because the fiber can generate
) ) H3 |5.72+0.99%| 5.38+0.98% | 5.31 + 1.42%° | 534+ 1.072¢
body in the food matrix, and those where the seed was toasted are
. . o H4 |6.16+1.04°| 548+ 1.18" | 565+ 1.25®® | 5.71+1.00®
less hard due to the denaturation of the proteins that maintain the
. H5 |4.56+1.37¢| 5.13 +£1.18%¢ | 4.81 + 1.33% | 4.84 & 1.19b«e
halva emulsion.
H6 |5.00 + 1.24%| 494 &+ 1.21%¢ | 4.77 £1.26" | 4.74+ 1.12¢¢
Sensory properties H7 |3.28+1.28¢| 4.59+ 1.24% | 475+ 1.16% | 4.47 £ 1.14%
An electronic survey was conducted with the participation of H8 [3.19+1.51¢| 4.29+1.49° | 465+1.25° | 4.16+1.39°

42 people; those who did not have neophobia, liked sesame, and
consumed products made from sesame were selected. Candidates
with a special diet or allergies to sesame were filtered, thus dis-
carding 4.76% of the participants. This type of survey is essential
when carrying out acceptance tests by inexperienced panels be-
cause it is necessary to know the intentions of the panelists when
carrying out the sensory evaluation and, thus, avoid errors that al-
ter the results of the sensory acceptance tests. The sensory evalu-
ation comprised a panel of 40 people, of whom 48% were women
and the remaining 52% were men. The age groups of the evalua-
tors were 35% between 20 and 28 years, 52.5% between 30 and
60 years, and 12.5% between 61 and 64 years.

The results were obtained through sensory evaluation with a
7-point hedonic scale for the acceptability of products (Table 7 and
Figure 3). The results indicate statistically significant differences
for all the attributes evaluated, highlighting that in terms of color,
H4 had the highest acceptability, followed by H1, H2, and H3, with
lower values for H5 to H8. The taste was superior for H1 and H4,
with the rest of the panelists’ values below those shown for these
two halvas. The lowest value was for H8. In this regard, some pan-
elists commented that it was an intense, astringent flavor with a
predominance in the mouth that made it difficult to consume. The
texture of the halva was more remarkable for H1, and in general,
it was superior for the products formulated with G-150. A similar
result was obtained for the overall acceptability of the halvas. The
results could be correlated with the colors obtained for the halvas,

as observed in table 5.

Table 7: Sensory evaluation through a 7-point hedonic scale.
Forty (40) panelists were evaluated. The average of the results
obtained is expressed. Those results that have a superscript
obtained significant differences after an analysis of variance with
avalue of a = 0.05.

Figure 3: Radial Chart of Halva acceptability.

Generally, the products with G-150 had greater luminosity than
those with DV-9, which is a parameter that influences the moment
the consumer chooses or accepts to consume any food product. In
general, most of the panelists received the Halva formulations posi-
tively, especially H1 and H4, where the flavors and aromas of the

roasting in H1 reached high levels of acceptance, unlike H4, where
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the typical sesame flavors were the reasons why the panelists

demonstrated their high level of acceptance to this formulation.

Halva was made with G-150, and the panelists commented that
it was pleasing from the start, mainly because of its color. This was
the evaluator’s expectation; it was also less bitter, resembling an
excellent quality nougat, although in some cases, it was reflected
that it could be pasty for some evaluators. Also, in some instances,
evaluators expressed a sensation of residual flavors. In this order
of ideas, for halva with DV-9, some panelists indicated that they
were more intense, bitter flavors, sometimes with unpleasant col-
ors. In general terms, most evaluators stated a balance of a diver-
sity of colors and flavors, which can be helpful for many types of

consumers.

Physicochemical characterization of halvas
Proximal composition

The results showed (Table 8) statistically significant differ-
ences between the halva, indicating that the treatments applied
to sesame seeds affect the halva’s proximate composition. The hu-
midity was between 2.36% (H3) and 3.15% (H8). These values,
together with the halva’s low water activity, allow us to estimate
that the product may be stable over time and also consider that
attacks by microorganisms would be infrequent. The moisture
content of commercial halva formulations varied between 2.00%
and 7.25%, which agrees with the results obtained in this study
[9]. The low water activity value in the different formulations can
be due to the intrinsic properties of the food matrix. It is inferred
that the high contents of carbohydrates and proteins can seques-
ter the water molecules present in the matrix. In addition, it has
a low moisture content, which causes the water molecules to in-
teract strongly with the biomolecules in the food. Determining the
water activity of a food product is essential since the energy level
of the water in the matrix influences the type of deterioration that
the food can suffer. Since halva is at a level less than 0.4, it can be
established that it is a microbiologically stable and biochemically
limited product. That is, the deterioration processes that can oc-
cur in this type of product can be due to the intrinsic enzymes of
the food matrix and chemical reactions (non-enzymatic darkening
and rancidity) of the constituents present in it. A quality param-
eter for commercial halva should be a water activity less than 0.4
[10]. The protein content varied between 25.96% and 29.89%,
and the formulations that used the whole seed had a lower pro-
tein content than those that used the dehulled seed. The crude fat
content was between 39.10% and 35.42% in the different formu-
lations. The formulations where the seed was toasted had a lower
crude fat content than those where the sesame was not toasted. A
high protein content and a low crude fat content were found, un-
like the commercial halva formulations described in the literature
[9,11,28,29]. The climatic conditions during sesame cultivation

may have affected the production of triacylglycerides as a reserve
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energy source, decreasing the crude fat content. It is necessary to
emphasize that the crude fat content in the formulations where
roasted seeds were used is likely to have decreased because high
temperatures can denature proteins. These proteins have surfac-
tant properties that maintain the emulsion of the halva constitu-
ents. Therefore, by reducing the capacity to emulsify lipids, they
can percolate through the food matrix, causing a phase separation.
According to [27], proteins play a prominent role in the emulsifica-
tion of halva, which can interact with sugars and triacylglycerides.
The total ash content between the formulation results ranged from
1.57 to 3.92%, higher than reports found for other types of halva
[30]. However, this can be attributed to factors such as the mate-
rials used, including different types of sesame. The results of the
proximate composition determined that the highest caloric intake
of halva was obtained for the H1 formulation, with 577 Kcal /100 g.
Halva is a high-fat product that directly affects caloric intake. How-
ever, a portion of this product can be between 10 and 20 grams,
meaning the energy intake is 10 to 5 times lower and can meet the
daily intake requirements for healthy consumers. The halva’s pH
and acidity were variable. However, they were within the expected
ranges, considering that citric acid is used in the formulation. Cit-
ric acid can drastically modify the pH if used in proportions higher

than those in these formulations.

Antinutritional components

The saponin content (Table 8) was between 17.16 mg% and
18.96 mg% for formulations H1 and H4, respectively. Determining
these compounds is essential because saponins are naturally pres-
entin sesame seeds and are responsible for the bitter and astringent
flavors characteristic of sesame and its products. Toros [31] deter-
mined the presence of saponins in sesame flour from Venezuelan
varieties (DV-9 and G-150) and described how hydrothermal treat-
ments, especially the hydrothermal debarking process, decreased
the saponin content. This study found that the saponin content of
the sesame flours used by [31] was higher. Soapwort, a source of
saponins, is responsible for the increase in saponin content. Deter-
mining the saponin content in food systems is vital because studies
[32,33,28] classify saponins as antinutritional agents due to their
hemolytic activity. Usually, toxic saponins are thermolabile because
they are found in glycosidic forms, and when the extraction is car-
ried out, a large part of them is destroyed. Therefore, we can infer
that the low content contributed by saponins is because they were

degraded in the preparation process of the halva formulations.

The phytic acid content obtained for the various formulations
showed significant differences, indicating that the treatments ap-
plied to tahini directly affect the halva. Phytic acid is a component
in different food systems of plant origin; it is a chelating agent of
minerals such as iron, calcium, and magnesium. Therefore, it is sug-
gested that the presence of phytic acid in products made from ses-

ame seeds has this antinutritional factor. In the case of Venezuelan
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Table 8: Physicochemical characterization of halvas.

Results expressed as an average of 3 replicates with their associated deviation. Superscript letters indicate significant differences between formulations of p < 0.05. (*) expressed on a dry

basis. N is the calculated nitrogen content.
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sesame seed varieties [31] quantified 25.36 mg% in sesame
flours for the G-150 variety and 30.85 mg% for the DV-9 va-
riety; however, in this study, lower values were obtained than
those reported by [31]. The decrease in content may be due
to hydrothermal treatment when dehulled sesame seeds. Hy-
drothermal treatments contribute to the reduction of phytic
acid content because phytic acid is soluble in water. There-
fore, the leaching process of phytate ions in water is carried
out under the influence of the concentration gradient. The re-
duction can be attributed to the permeability of the seed crust
that has been modified when in contact with water [34-36]; in
addition, leaching is favored when it comes to compounds of

low molecular weight and ionic character [37].

Differences were recorded between the halva for the oxa-
late content, attributed to what was indicated above. Oxalate
is synthesized in crystals, in structures called idioblasts, lo-
cated in the cotyledons and the bark of oilseeds [38,39].

After applying the different treatments, the final saponins,
phytic acid, and oxalate content were below the lethal dose 50
[40-43]. The acceptable daily intake value is 631-746 mg/day,
so it does not threaten the consumer’s health [44].

In-vitro protein digestibility

The in-vitro digestibility of the various halva formulations
was variable, with significant differences for almost all treat-
ments. The Halva’s high fat and carbohydrate content may in-
hibit enzymatic digestion, reducing protein digestibility. Pro-
teins are the primary surfactant in Halva, and because of this,
they perform intermolecular interactions with fats and car-
bohydrates, resulting in a steric hindrance that inhibits rapid
enzymatic digestion. By increasing the exposure time during
the seed roasting or the tahini temperature during the halva
preparation, the proteins can be further denatured and made
easier to digest. However, due to the emulsifying properties
of proteins in this type of food matrix, finding the desired tex-

ture will likely be more complex.

Conclusion

It was possible to produce eight tahini halva from the
modifications or treatments applied to the sesame varieties
G-150 and DV-9, obtaining for each of them a different chemi-
cal, physicochemical, functional, and nutritional composition
which can be adapted to the taste of different consumers
and promotes moving forward with more studies to achieve
the most significant standardization in the production of the
product locally. Halva is an essential product that promotes
the consumption of sesame and thus takes advantage of the

nutritional benefits that it is capable of providing.
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