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A saffron extract-based beverage (SEBB) was formulated and characterized based on its sensory attributes and health benefits. The
main bioactive compounds of saffron extract (crocin and safranal) were quantified. Three formulations of SEBB were prepared
based on the sucrose concentration: SEBB 1 contained 65 g of sucrose per 500ml, SEBB 2 contained 17.5 g, and SEBB 3
contained 79.5 g. The SEBB most desired by consumers was then subjected to biochemical analysis to evaluate its antioxidative
effects on the damage induced by food contaminated with carbon tetrachloride (CCl4). Fifteen albino rats were split into five
groups and treated with different doses of CCl4 or SEBB according to the planned animal experiment for 62 days. Sensory
evaluation illustrated that SEBB 1 had the highest acceptability scores. The content of crocin and safranal was 23.039 and
4.135 ppm, respectively. The SEBB ameliorated the increased activity of enzymes involved in liver and kidney function and
improved the total antioxidant capacity, blood glucose, and lipid profile.

1. Introduction

Foods often become contaminated by carbon tetrachloride
(CCl4) when they are fumigated with it; exposure from
contaminated drinking water can also occur as a result of
inhalation of CCl4 that has volatilized during showering
or other uses of domestic water, such as clothes washing
[1]. CCl4 is an organic compound which appears as a col-
orless and volatile liquid [2]. Its toxicity usually follows the
inhalation of the vapor in a poorly ventilated environment
or the ingestion of contaminated food (especially grains)
or groundwater and hence causes severe health problems
to humans and animals [3, 4]. Subsequent damage caused
by CCl4 has been linked to many mechanisms, including
the formation of reactive oxygen species (ROS) and the
disruption of redox equilibrium. Inflammation and the
induction of programmed cell death have also been
described [5].

Saffron is a rare spice that is produced from the peren-
nial blooming plant Crocus sativus L., a member of the fam-
ily Iridaceae [6]. Crocin and safranal are the major active
compounds in saffron [7]. There are many water-soluble
carotenoids including crocin [8]. Saffron has been found in
scientific research to have therapeutic efficacy with a variety
of pharmacological actions, including antioxidant [9, 10]
and cardioprotective effects [11]. Saffron’s ability to reduce
the damage caused by genotoxic substances has been proven
in subsequent investigations utilizing a variety of tests [12].
These protective properties have been related to a reduction
in oxidative stress caused by saffron [13].

Nutraceutical beverages can be an important part of the
human diet since they can contain key bioactive chemicals,
commonly found in the form of pills, capsules, liquids, and
other medications [14], that can help treat and prevent
chronic illness [15], as well as providing needed hydration.
However, the taste and flavor quality of such beverages is
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the most important factor for adoption [16]. As a result, the
formulation of high-quality beverages with good flavor,
scent, and shelf-life stability is critical for achieving the
appropriate levels of consumption required for health pro-
motion [17] and disease prevention, as well as contributing
to the treatment and prevention of chronic diseases [18, 19].

Despite the large number of antioxidant studies on
phytochemical constituents conducted around the world, a
review of published articles revealed that there is a need to
investigate the effect of a nutraceutical beverage made from
saffron extract against CCl4-induced damage to bridge the
gap between studies in recent years, especially since saffron
has traditionally been used for folk medicine or flavoring.
The goal of this study was to see if saffron extract-based
beverages could protect rats from CCl4-induced harm.

2. Materials and Methods

2.1. Chemicals and Reagents. The dried stigmas of the saffron
flower, sugar, were obtained from a local market in Erbil,
Iraq. Crocin, safranal, citric acid, and gum Arabic were
obtained from Sigma (St. Louis, MO, USA). All solvents
were of analytical grade and were obtained from Scharlab
S.L. (Spain). Sandwich ELISA kits were purchased from
(Elabscience, USA).

2.2. Preparation of Saffron Extract. The extraction of saffron
was conducted according to the method provided by Koul
and Abraham [20]. Briefly, 50 g of stigma powder was
macerated in 500ml of ethanol for 24 h before being shaken
for 4 h with a magnetic stirrer. After that, the solution was
filtered using the Whatman filter paper. The resulting clear
solution was concentrated by evaporation under vacuum to
dryness at temperatures below 40°C using a rotary evapora-
tor (PER FIT, Indian origin). The supernatant was then
collected and frozen for 24h.

2.3. Quantification of Crocin and Safranal in Saffron Extract.
Quantification of safranal and crocin in the saffron extract
was performed according to the modified method of Mradu
et al. [21]. The sample was prepared by dissolving the saf-
fron extract in ethanol at a concentration of 1000μg/ml,
and then, 20μl of the sample was injected into a high-
performance liquid chromatograph (HPLC; model Sykam,
Germany) through a C18 column (250 × 4:6mm I.D., parti-
cle size 5μm; Agilent Technologies, USA). The crocin was
detected at 320nm and safranal at 440nm at 25°C, and the
flow rate was 1ml/min for crocin and 0.8ml/min for safranal.
The mobile phase for crocin consisted of 40 : 60 ethanol :
water (% v : v) and for safranal was 80 : 20 ethanol :water
(% v : v) which was filtered using a 0.45mm filter.

2.4. Preparation of Nutraceutical Beverage from Saffron
Extract. The whole experimental scheme is shown in
Figure 1. The nutraceutical saffron beverage was prepared
as reported by [22, 23] with some modifications. Briefly,
sucrose was added to 500ml of water at three concentrations
of 65, 17.5, and 79.5 g, with fixed amounts of 0.5 g of citric
acid and 0.75 g of gum Arabic; the suspension was stirred
with a domestic shaker (medium velocity). The prepared

beverages were heated to 85°C for 15min and allowed to
cool, then saffron extract was added (2 g/500ml), and they
were stored at 8–10°C. The prepared products were put into
presterilized glass bottles and sealed with crown caps.

2.5. Sensory Evaluation. The sensory evaluation of nutraceu-
tical beverages was carried out using the method given by
[24]. Three samples of nutraceutical beverage coded as SEBB
1, SEBB 2, and SEBB 3 were evaluated based on five sensory
variables, namely, taste, aroma, color, appearance, and over-
all acceptability; samples were assessed and scored by a panel
of 30 trained cuppers on a 10-point scale, with 1 indicating a
very low preference and 10 indicating a very high preference
as shown in Figure 2.

2.6. Animals and Experimental Design. Female nulliparous
and nonpregnant albino rats aged 10 to 12 weeks and
weighing 160–210 g were procured from Zakho University’s
primary animal house facility. The rats were housed in a fil-
ter-protected, air-conditioned room with a constant temper-
ature of 21–25°C, 50–60% humidity, and a 12 h photoperiod.
Three rats were kept in each cage and given unrestricted
access to normal diet. All efforts were made to minimize
both the number of animals used and unwanted stress or
discomfort to the animals throughout the experiment. 15
rats were split into five groups at random. SEBB 1 was
selected for further biological analysis due to the overall
acceptability and taste scores: group 1 (control) rats served
as controls; group 2 (CCl4 only) rats were given 3ml of
CCl4/kg/day in the feed; group 3 (saffron extract-based
beverage (SEBB 1) only) rats were given 8ml of SEBB 1/kg
bw/day by oral injection seven times a week throughout
the study; group 4 (SEBB 1+CCl4) animals received 8ml of
SEBB 1/kg bw/day for 4 weeks before being given CCl4 in
the feed; and group 5 (CCl4+SEBB 1) animals received
CCl4 with feed and then were treated with 8ml of SEBB
1/kg bw/day starting from week 4 up to the end of the study.
All rats were starved for 24h after the final treatment on day

Water (500 ml)

Sucrose
(65,17.5,79.5 g)

Stored at (8-10 °C)

Citric acid (0.5 g)
Add safron extract
(crocin+Safranal)

Mix for 2 min

Gum arabic 0.75 g
Cooling to 30 °C

Pasteurization at 85 °C for 15 min

Mix for 2 min

Figure 1: Flowchart of the nutraceutical beverage production with
saffron extract.
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62 but were allowed free access to water. Then, the animals
were anesthetized by chloroform, a blood sample was col-
lected intracardially and centrifuged at 4000 rpm for 15min
to get serum and kept at −80°C, and then, serum biochemical
parameters were examined.

2.7. Study Parameters

2.7.1. Measurement of Study Parameters. The concentrations
of blood glucose, total protein, albumin, alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), creatinine,
uric acid, blood urea, blood urea nitrogen, high-density
lipoprotein, triglycerides, and cholesterol were evaluated
using a Roche/Hitachi cobas system (model C-501/502).
Sandwich ELISA kits were employed to evaluate total anti-
oxidant capacity according to the manufacturer’s instruc-
tions (Elabscience, USA).

2.7.2. Calculation of Study Parameters. The concentrations
of globulin, very-low-density lipoprotein cholesterol (VLDL-
C), low-density lipoprotein cholesterol (LDL-C), and phospho-
lipids were calculated as per the following equations [25–29]:

Globulin
g
dl

� �
= total protein concentration

− albumin concentration,

VLDL − C
mg
100

ml
� �

=
triglyceride concentration

5
,

LDL − C
mg
100

ml
� �

= total cholesterol

− HDL + 0:20 TGð Þð Þ,

Phospholipids
mg
100

ml
� �

= total cholesterol concentration × 0:89ð Þ
+ 68:

ð1Þ

2.8. Statistical Analysis. All analyses were carried out in tripli-
cate, and the data were expressed as means ± standard
deviations (SD). One-way analysis of variance (ANOVA)

followed by Duncan’s multiple range test was used to compare
the treatments.

3. Results and Discussion

3.1. Quantification of Crocin and Safranal in Saffron Extract.
To evaluate the quantity of the active compounds in saffron
extract, HPLC analysis was carried out. The data showed
that ethanol extracts of saffron contained 23.039 ppm crocin
and 4.135 ppm safranal Figure 3. Mykhailenko et al. [30]
reported a crocin concentration of 180–226mg/g in saffron
extract using the validated HPLC method, while the safranal
concentration did not exceed 2.5mg/g. In addition, the study
of Vahedi et al. [31] also reported a considerable amount of
crocin and safranal in saffron extract using HPLC analysis.
Compounds such as safranal and crocin are known to be
involved in redox activity, and they play an important role
in reducing or increasing the activity of medicinal plants,
fruits, and vegetables. Because of their redox activity,
safranal and crocin are hydrogen donors, reducers, oxygen
radical scavengers, and even metal-chelating agents [32].
Antioxidants are beneficial in the treatment and prevention
of cardiovascular, cancer, and neurological diseases [11].

3.2. Sensory Evaluation. In order to select the preferred for-
mulation in terms of consumer acceptability, samples of
the three formulations of the saffron beverage were evalu-
ated. Based on panelists’ perceptions, SEBB 1 formulated
with 65 g/500ml of sucrose had the highest taste scores
among the tested beverages, followed by SEBB 2 formulated
with 17.5 g/500 g and SEBB 3 formulated with 79.5 g/500ml
of sucrose Figure 2.

According to the sensory analysis, all the formulations
had an average aroma (average score of 7), reddish color
(average score of 7.2), average appearance (average score of
7), and good overall acceptability; SEBB 2 and SEBB 3 were
given low taste scores (average 6.5), and SEBB 1 had a very
good taste (average score of 8). However, when the concen-
tration of sucrose was increased up to 79.5 g/500ml (SEBB
3), testers reported a strong taste in the mouth which
affected their perceptions. Thus, SEBB 1 was the best formu-
lation in terms of overall acceptability and taste scores and
was selected for further biological analysis.

3.3. Effects of Nutraceutical Beverage on Total Antioxidant
Capacity. Feeding rats food contaminated with CCl4 led to
a significant decrease in the concentration of indicators of
total antioxidant capacity in the blood serum (Table 1). This
decrease is attributed to several reasons, including an
increase in the rate of consumption of superoxide dismutase,
catalase, and glutathione, which is one of the most important
endogenous antioxidants in removing free radicals resulting
from oxidative stress, protecting cell membranes from free
radical damage [33, 34].

Animals treated with the nutraceutical beverage made
from saffron extract before or after receiving food tainted
with CCl4 had total antioxidant capacities of 1.40mol/ml
and 1.38mol/ml, respectively, in groups G4 and G5. In the
group of animals exposed to oxidative stress with CCl4

0
2
4
6
8

10
Taste

Aroma

ColorAppearance

Overall
acceptability

SEBB1
SEBB2
SEBB3

Figure 2: The results of the sensory evaluation for the nutraceutical
beverage from saffron SEBB 1 containing 65 g of sucrose per
500ml, SEBB 2 containing 17.5 g, and SEBB 3 containing 79.5 g.
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(G2), the total antioxidant capacity was 0.33mol/ml. When
animals were treated with the nutraceutical beverage made
from saffron extract, before or after giving them food
contaminated with CCl4, groups G4 and G5 had total anti-
oxidant capacities of 1.40mol/ml and 1.38mol/ml, respec-
tively; a significant increase was observed compared to that
in the group of animals fed with food contaminated with
CCl4 (G2), which only had 0.33mol/ml. This result is consis-
tent with the findings of Hamdoon et al. [35], who observed
an increase in glutathione level in male rats with hydrogen
peroxide-induced oxidative stress after treatment with gin-
ger extracts. The SEBB was able to raise the total antioxidant
capacity because it contains the compounds crocin and

safranal found in the saffron extract; these exogenous food
antioxidants work to remove the constantly formed free rad-
icals, protecting against the danger from these radicals as a
line of defense against oxidative stress [36].

3.4. Effects of Nutraceutical Beverage on Blood Glucose. A
significant increase in glucose concentration 169.53mg\dl
was found in the blood serum of G2 animals exposed to
oxidative stress as a result of being fed with CCl4-contami-
nated food, while animals treated with the saffron extract-
based nutraceutical beverage before or after feeding them
CCl4-contaminated food had blood glucose levels of
79.000mg/dl and 75.23mg/dl, respectively, in groups G4
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O

Safron extract

Safranal structure Crocin structure

Quantifcation of crocin in safron extract.Quantifcation of safranal in safron extract.
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Figure 3: Concentration of crocin and safranal in saffron extract.

Table 1: Effects of nutraceutical beverage from saffron with 65 g/500ml of sucrose (SEBB 1), on total antioxidant capacity, blood glucose,
total protein, albumin, globulin, cholesterol, triglycerides, and phospholipid levels.

Groups

Total
antioxidant
capacity
(μmol/ml)

Glucose
(mg\dl)

Total protein
(g/dl)

Albumin
(g/dl)

Globulin
(g/dl)

Cholesterol
(mg/dl)

Triglycerides
(mg/dl)

Phospholipids
(mg/100ml)

G1 1:52 ± 0:01a 76:50 ± 1:35b 6:83 ± 0:25a 3:73 ± 0:15a 3:10 ± 0:10a 76:00 ± 3:60b 67:00 ± 31:57b 135:64 ± 3:20b

G2 0:33 ± 0:03c 169:53 ± 0:25a 4:33 ± 0:05c 2:10 ± 0:10c 2:17 ± 0:15b 235:00 ± 30:41a 227:00 ± 6:08a 277:15 ± 27:06a

G3 1:58 ± 0:16a 78:03 ± 1:59b 6:36 ± 0:37ab 3:73 ± 0:15a 2:±0:44ab 77:66 ± 2:08b 74:00 ± 21:37b 137:12 ± 1:85b

G4 1:40 ± 0:61b 79:00 ± 3:26b 6:28 ± 0:02ab 3:66 ± 0:15ab 2:61 ± 0:17ab 96:00 ± 13:45b 84:66 ± 5:03b 153:44 ± 11:97b

G5 1:38 ± 0:66b 75:23 ± 5:30b 5:88 ± 0:55b 3:40 ± 0:20b 2:34 ± 0:60b 128:00 ± 64:13b 89:33 ± 9:29b 181:92 ± 57:07b
a,b,cDifferent letters within each column indicate significant differences (p ≤ 0:05), and data are presented as the means ± standard deviation. G1: control;
G2: carbon tetrachloride CCl4 only; G3: SEBB 1only; G4: SEBB 1+ CCl4; G5: CCl4+SEBB 1; there were 3 female rats in each group of experiment.
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and G5. This is because H2O2 (formed as a result of oxida-
tive stress) [37] leads to an increase in the generation of free
radicals (ROS and RNS) that attack and destroy pancreatic
beta cells, stimulating the process of lipid peroxidation,
smashing RNA, and inhibiting RNA synthesis. Thus, inhibi-
tion of insulin and proinsulin secretion leads to an increase
in blood glucose concentration, which leads to a halt in
glucose breakdown and stimulates the processes of glucose
formation and glycogenolysis [38, 39]. When rats were
treated with SEBB before or after they were fed with food
contaminated with CCl4, a decrement in the blood serum
glucose concentration of rats was observed [40, 41]. This
could be due to the ability of these chemicals to slow down
the rate of glucose production in cells [42], or because these
substances may lead to a stimulation of the peripheral use of
sugar from adipose and muscle tissues, directly or indirectly,
by increasing sensitivity to insulin accompanied by a reduc-
tion in the glucose-building process [43].

3.5. Effects of Nutraceutical Beverage on Total Protein,
Globulin, and Albumin. The total protein, globulin, and
albumin levels were 4.33, 2.10, and 2.17 g/dl, respectively,
in the group of animals exposed to oxidative stress with
CCl4 (G2). However, total protein, globulin, and albumin
levels were 6.28, 3.66, and 2.61 and 5.88, 3.40, and
2.34mg/dl, respectively, in G4 and G5, in the animals treated
with the nutraceutical beverage made from saffron extract
Table 1.

This may be attributed to the fact that animals exposed
to oxidative stress resort to using alternative sources of
energy in the body from fat and protein stores: catabolism
of amino acids to produce energy increases and gluconeo-
genesis, the process of building glucose from noncarbohy-
drate sources [44]. On the other hand, the decrease may be
due to the complications that occur in the kidneys due to
diabetes, leading to what is known as diabetic nephropathy
which is characterized by proteinuria, the loss of proteins
through the urine [45]. Moreover, when animals were
treated with SEBB before or after being fed with contami-
nated food, the total protein concentration increased signif-
icantly compared with that in animals that were not fed with
the drink. The rise in these cases may be attributed to several
reasons, including the effectiveness of antioxidants such as
crocin and safranal found in the saffron extract. They
remove free radicals, prevent protein oxidation, and stimu-
late the secretion of insulin from pancreatic beta cells. Alter-
natively, these compounds may reduce oxidative damage
and its effect on the kidneys and glomeruli, reducing the
filtration of proteins from the blood and their excretion with
urine [46].

Albumin is the most sensitive type of blood protein to
oxidative processes, which leads to a decrease in its blood
serum concentration in patients exposed to oxidative stress
for any reason. The decrease in albumin is due to the break-
age of the peptide bonds between protein molecules due to
the effect of oxidative stress and the generation of free radi-
cals, which leads to the decomposition of albumin and a
decrease in its concentration. This, in turn, leads to a defect
in liver function, leading to a decrease in the synthesis of

albumin and in its concentration in the blood serum, and
immunoglobulins are part of serum proteins [47]. In the
groups of animals treated with SEBB before or after giving
them food contaminated with CCl4, a significant improve-
ment in the level of total protein, albumin, and globulin
was observed compared to that in those fed with food con-
taminated with CCl4 only without treatment.

3.6. Effects of Nutraceutical Beverage on ALT and AST. ALT
and AST levels in the group of mice exposed to oxidative
stress with CCl4 were 47.00 and 80.00U/L, respectively, in
G2, while animals that were treated with the nutraceutical
beverage originated from saffron extract before or after
giving them food contaminated with CCl4, the ALT and
AST levels were 35.00 and 32.00U/L and 37.66 and
44.33U/L, respectively, in G4 and G5. The results showed
a rise in the level of the enzymes ALT and AST in the
animals fed with food contaminated with CCl4 (Table 2).
The occurrence of pathological infection of liver cells causes
the release of these enzymes into the bloodstream, which
leads to an increase in their concentration compared to the
normal levels in the standard groups [48]. When SEBB was
administered orally, ALT and AST levels were close to
normal due to the active compounds present in the saffron
extract, which contributed to reduce oxidative stress by
inhibiting free radicals [48].

3.7. Effects of Nutraceutical Beverage on Creatinine, Uric
Acid, Blood Urea, and Blood Urea Nitrogen. Animals fed
with CCl4-contaminated food had significantly higher levels
of creatinine and urea in their blood serum than those in
animals fed with a control diet. This increase in creatinine
concentration could be due to the free radical damage, which
causes a functional disorder of the cells in the inner layer of
the glomerular capillary vessels, resulting in an increase in
creatinine concentration in the blood and a decrease in cre-
atinine excretion through urine [49]. The creatinine concen-
tration was decreased in the groups of animals treated with
the nutraceutical beverage; this is attributed to the role of
active compounds that can reduce oxidative damage to renal
cells and renal glomeruli. These antioxidant compounds,
crocin and safranal, prevent renal enlargement and maintain
the glomerular filtration rate within the normal range [50].
The high level of urea in the case of oxidative stress can also
be explained by the loss of the direct source of energy and
the animals resorting to the exploitation of proteins as an
alternative source of energy, which results in the formation
of large quantities of urea [51]. Treatment of animals with
the nutraceutical beverage led to a significant decrease in
urea concentration compared to that in the animals not
given the drink. This may be attributed to the effectiveness
of the antioxidants crocin and safranal in the drink, which
operate to eliminate free radicals and prevent protein and
amino acid oxidation, thus reducing the production of urea
in the body [52]. Another reason may be that the active
compounds can reduce oxidative damage to the renal cells
and glomeruli and protect the liver from oxidative damage,
thus reducing the disruption and degradation of proteins
and lowering the concentration of urea in the blood
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[52, 53]. A decrease in the concentration of uric acid was
also noted due to its antioxidant role, as it has the ability
to inhibit the process of lipid peroxidation and prevent
the oxidation of LDL-C through the association of uric
acid with ferrous ions (Fe2+) or Cu2+, stopping the Fen-
ton reaction and then inhibiting the formation of free
radicals [54].

3.8. Effects of Nutraceutical Beverage on Lipid Profile. The
results showed a significant increase in the concentration
of cholesterol, triglycerides, LDL-C, VLDL-C, and phos-
pholipids (PL) in the blood serum of animals fed with a
CCl4-contaminated diet compared to the control group
(Table 1). This could be due to an increase in the absorption
of cholesterol by the intestine due to the increased activity of
cholesterol acyltransferase. This enzyme is responsible for
cholesterol absorption, which is stimulated by insulin defi-
ciency as a result of the oxidative stress that affects the
pancreatic beta cells under the influence of active classes of
oxygen; CCl4 increases the formation of ROS [55–57].

The increment in the level of LDL-C in the blood serum
is due to the increase in the level of malondialdehyde caused
by oxidative stress [58] or the oxidative stress generated by
free oxygen radicals (ROS) leading to the release of the
hormones epinephrine and norepinephrine. These two hor-
mones activate the hormone-sensitive enzyme lipase, which
is found in fat cells, causing the rapid hydrolysis of triglycer-
ides and the release of fatty acids, thus increasing the level of
LDL-C [59]. The high concentration of VLDL-C may be
credited to the increment in the concentration of free
radicals in the body as a result of oxidative stress, as these
radicals destroy pancreatic beta cells and fatty tissue and
then increase the release of free fatty acids that the liver uses
in large quantities in the production of VLDL-C [60]. Alter-
natively, the reason for this may be the increase in oxidative
stress as a result of the high concentrations of free radicals
generated, which leads to a decrease in activity of the
enzyme lipoprotein lipase found in the tissues of the body;
this, in turn, leads to an imbalance in fat concentrations
and a high concentration of triglycerides in the serum. The
formation of VLDL-C then contributes to an increase in its
concentration in the blood serum [61].

The high concentration of phospholipids may be due to
an increase in phospholipid peroxidation, especially in the
cell membranes, which leads to the transfer of phospholipids
to the bloodstream; this occurs on exposure to oxidative
stress as a result of the formation of free radicals and an
increase in the concentration of malondialdehyde [62].
Feeding the animals with food contaminated with CCl4 led
to a significant decrease in HDL-C concentration in the
blood serum compared with the control group. When ani-
mals were administered with the nutraceutical beverage
orally before or after exposure to oxidative stress with
CCl4, there was a significant increase in HDL-C concentra-
tion compared to that in the animals that were not given
the beverage. This is due to the active ingredients present
in the drink, which improved the level of HDL-C to ratios
close to normal. The high concentration of HDL-C may be
attributed to the active compounds crocin and safranal

working to remove free radicals and, significantly, types of
active oxygen through their antioxidant activity and an
increase in the activity of some enzymatic antioxidants such
as catalase and superoxide dismutase in the liver [48]. How-
ever, when animals were fed the nutraceutical beverage
orally before or after being fed with food contaminated with
CCl4, there was a decrease in cholesterol, triglycerides,
VLDL-C, and phospholipids compared to groups fed with
food contaminated with CCl4 only.

This is due to the active groups (crocin and safranal) and
their role in reducing the damage to the effective types of oxy-
gen and in increasing the effectiveness of some enzymes that
work against free radicals inside the body, such as the enzy-
matic antioxidant glutathione-S-transferase [63]. Another
reason may be the effectiveness of these compounds to
increase the activity of antioxidant enzymes which reduce
oxidative stress (produced by food contaminated with
CCl4) and prevent the process of lipid peroxidation, which
leads to a decrease in the concentration of VLDL-C in the
blood serum [48–52].

4. Conclusion

Feeding rats with foods contaminated with CCl4 resulted in an
increase in glucose, ALT, AST, creatinine, urea, uric acid, total
cholesterol, triglycerides, LDL-C, and VLDL-C and a decrease
in total antioxidant capacity, total proteins, globulin, and albu-
min. Administration of a nutraceutical beverage made from
saffron extract had favorable effects on oxidative stress and
significantly boosted the antioxidant system. While anecdotal
evidence has provided much of the basic knowledge about the
health advantages of several nutraceuticals, scientific verifica-
tion of efficacy, product standardization, stability, and safety
is still needed, as is research into the metabolism and metabo-
lites of nutraceutical beverages. In vitro and animal studies
may be used to begin such investigations, but clinical studies
may be required for essential proof. While most people can
benefit from nutraceuticals, some may need to weigh the risks
and benefits based on their genetics and lifestyle. Furthermore,
nutraceutical antagonistic effects and nutraceutical-drug inter-
actions demand special study.

Abbreviations

SEBB: Saffron extract-based beverage
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Additional Points

Practical Applications.Nutraceutical beverage of saffron pro-
duction optimized contained 65 g of sucrose per 500ml. The
nutraceutical beverage of saffron ameliorated the increased
activity of enzymes involved in liver and kidney function.
The nutraceutical beverage of saffron improved the total
antioxidant capacity, blood glucose, and lipid profile. Sen-
sory evaluation illustrated that the nutraceutical beverage
of saffron had the highest acceptability scores.
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