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Abstract: The effect of addition carrot puree solids (CPS) at ratio of 1, 2 and 3% as a milk fat replacer on the
characteristics of frozen yoghurt was studied. Physical, rheological, total phenolic compounds, antioxidant scavenging
activity, total viable lactic acid bacteria (LAB), sensory properties and cost production of frozen yoghurt were
investigated. The CPS is considered as sources for dietary fiber and natural antioxidant scavenging activity substances
in low fat frozen yoghurt. Carrot frozen yoghurt contains antioxidant scavenging activity (4.52 mg TE 100 g™), total
carotene (69.76 mg 100 g™"), crude fibers (0.82 mg 100 g™), vitamin C (16.66 mg 100 g'l), and total phenol contents
(10.41 mg GAE 100 g'l). Carrot puree contained high levels of many phenolic acid compounds such as of p-
hydroxybenzoic, vanalic, catechin and p-coumaric acid. Low fat frozen yoghurt containing CPS exhibited significantly
higher specific gravity, weight per gallon, melting resistance, apparent viscosity, total phenol contents and antioxidant
scavenging activity in parallel with the increase of the added CPS. Addition of CPS significantly improved the over run
(%) and decrease the viable of lactic acid bacteria of carrot frozen yoghurt. Whereas, addition of 3% CPS increased
significantly the total acceptability scores with higher antioxidant scavenging activity, total phenol content and

decreased the cost production by 22.51%.
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INTRODUCTION

Yoghurt is a fermented dairy product that is
produced by fermentation of live lactic acid bacteria. It
contains an important nutrient such as proteins, lipids,
calcium, potassium, phosphorus, magnesium, zinc and
vitamins B (Yildirim et al., 2014).

Frozen yoghurt or yoghurt ice cream is a complex
of yoghurt and ice cream. This dessert combines the
flavour of yoghurt and texture of ice cream. Consumers
have a strong preference for functional foods containing
specific ingredients and can reduce the threat of
diseases such as cancer, heart diseases, obesity,
cardiovascular diseases and lactose intolerance (Milani
and Koocheki, 2011; Rezaei et al., 2015). Frozen
yoghurt’s attractiveness to consumers include providing
a low-fat replacement for ice cream and the probiotic
benefits of the live cultures present in the yoghurt
Lactobacillus  delbrueckii ~ ssp.  bulgaricus  and
Streptococcus thermophilus (Mahrous and Abd-El-
Salam, 2014).

Carrot (Dascus carota L.) is one of the most
commonly vegetables used to human nutrition. It is rich
in B-carotene, to copherol, ascorbic acid, carbohydrate,
minerals (calcium, iron, phosphorous, copper,
potassium, manganese, sulphur) and improvement for
body and texture were more pronounced than its flavour
(Aly et al., 2004). It is an excellent source of vitamin A,
E, By, B,, C, folic acid, thiamin and riboflavin but lack
in protein and fat (Hashimoto and Nagayama, 2004).
Combination of carrot juice and yoghurt produce a
nutritionally balanced food. The aim of this study was
to explore the effect of replacement milk fat with fiber
of carrot puree solids on the physical, rheological,
antioxidant scavenging activity, total phenol content,
total viable LAB count, sensory properties and cost
production of low-fat frozen yoghurt to produce
functional frozen yoghurt.

MATERIALS AND METHODS
Materials

Milk: Full cream milk powder (27% fat and 70% solid
nonfat) and skim milk powder (97% T.S) low heat —
spray dried Miro™, Sweden was obtained from the
local market, Cairo, Egypt.

Starter cultures: Direct vat starter (DVS) culture
containing Streptococcus thermophilus and
Lactobacillus delbreuckii ssp. bulgaricus (YC-X11)
was obtained from Chr. Hansen's Laboratories,
Denmark. The culture was stored at -18 +1°C until used
before expired date.

Other materials: Commercial grade crystalline sugar
(sucrose) was obtained from the local market. Sodium
carboxy methyl cellulose (CMC) was obtained from
Misr Food Additives - MIFAD - Cairo - Egypt. Carrot
fresh was purchased from the local market (Eleubur
market, Egypt).

Methods
Preparation of carrot puree

Carrot roots were washed with warm water after
removing top, bottom and surface layers by sharp knife
and soaked in hot water to inactivate pectinase and
peroxidase enzymes and also to tenderize it and cut into
sticks (1x3x1 cm). The sticks were then soaked for 5
min in boiling water with a ratio of 1: 0.5 w/v carrot:
water. The sticks along with soaked water were blended
by Braun Power Max MX 2000 Blender (Germany) for
6 min to get fine paste. The puree was blended at 6000
rpm min" for 5 min using Ultra Turrax Homogenizer
(Germany) and kept in polyethylene bags at -18+1°C
until used.

Preparation of frozen yoghurt

Frozen yoghurt mixes were prepared as described
by Marshall and Arbuckle (1996). Five treatments of
frozen yoghurt were carried out which describes the
formulations of the different prepared mixes per 100
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kilograms. The control full fat frozen yoghurt (T;) was
standardized (4% fat, 11% SNF, 15% sugar and 0.25%
CMC) for comparison. While, other four reduced fat
frozen yoghurt treatments (11% SNF, 15% sugar and
0.25% CMC) with gradual decrease of fat by 2, 1, 0 and

for T,, T3, T4 and T treatments (Table 1). All treatments
of frozen yoghurt were prepared in three replicates.
Each treatment was analyzed for physiochemical,
chemical, rheological, bacteriological and organoleptic
characteristics at fresh (1 day) and after 15, 30 and 45

1% with adding 2%, 3%, 4 and 0 % CPS, respectively days of freezing storage at -18+1°C.

Table (1): Composition (Kg 100 Kg™) of frozen yoghurt mixes containing different levels of carrot puree solids

. Treatments

Ingredients

T] T2 T3 T4 TS
Sugar (Kg) 15 15 15 15 15
Stabilizer (Kg) 0.25 0.25 0.25 0.25 0.25
Skim milk powder (Kg) 1.32 3.82 6.3 8.83 8.80
Full cream milk powder (Kg) 14.28 10.71 7.14 3.57 3.50
Water (1) 69.15 57.32 45.51 33.65 72.45
Carrot puree solids (Kg) - 12.90 25.80 38.70 -
Total 100 100 100 100 100
T,: Full fat (4% fat) frozen yoghurt (FY) without carrot puree solids [CPS] (control,).
T,: Treatment with 3% fat FY with adding 1% CPS.
T;: Treatment with 2% fat FY with adding 2% CPS.
T,: Treatment with 1% fat FY with adding 3% CPS.
Ts: Treatment with 1% fat FY without adding CPS (control,).
Analysis of carrot puree using Agilent Technologies 1100 series liquid

The levels of total solids and crude fiber contents
were determined according to AOAC (2000). Total
carotenoids content was determined according to Moore
et al. (2005), vitamin C as described by Elgailani et al.
(2017) and pH values (Jenway pH meter with Jenway
spear electrode No. 3505, Jenway limited, Gransmore
Green, Felsted, Dunmow, England). The total soluble
solids content was measured using with an ATAGO
type refractometer (Schmidt Haensch, Germany) and
the values were expressed as degree °Brix (%).

Colour measurement

The colour of CPS and resultant frozen yoghurt
samples was measured using Hunter colorimeter
(Hunter Ultra Scan XE, France). Measurements were
recorded in L (lightness), + a (redness) and + b
(yellowness) according to Commission Internationale de
I’Eclairage, CIE (1976).
Determination of total phenolic compounds

The total phenol content was determined using the
Folin-Ciocalteu method (Sigma-Aldrich, Germany)
according to (Zilic et al., 2012).

Determination of antioxidant scavenging activity

The antioxidant scavenging activity was
determined by 2, 2-diphenyl-1-picrylhydrazyl (DPPH)
according to Hwang and Do Thi (2014). Percent
inhibition of the DPPH free radical was calculated by
the following equation:

DPPH (%) = [(Acontrol'Asample)/Acontrol] x 100

The standard curve was prepared using Trolox.
Results were expressed as mg Trolox equivalents (TE)
100 g" sample. Additional dilution was needed if the
DPPH value measured was over the linear range of the
standard.

Analysis of phenolic acid compounds by HPLC
Phenolic compounds were extracted as described
by Kim et al. (2006). HPLC analysis was carried out

chromatograph (Tedia company Inc, Ohio, USA)
equipped with an auto sampler and a diode-array
detector (Thermo Fisher™, USA). The analytical
column was an Eclipse XDB-C18 (150 X 4.6 pm; 5 um)
with a C18 guard column (Phenomenex, Torrance, CA).
The mobile phase consisted of acetonitrile HPLC grade
(Sigma-Aldrich, Germany, solvent A) and 2% acetic
acid (Almasria for Chemicals, Egypt) in water (v/v,
solvent B). The flow rate was kept at 0.8 ml min™' for a
total run time of 65 min and the gradient programme
was as follows: 100% B to 85% B in 30 min, 85% B to
50% B in 20 min, 50% B to 0% B in 5 min and 0% B to
100% B in 10 min. Sample injection volume was 50 pl
and peaks were monitored simultaneously at 280 and
320 nm for the benzoic acid and cinnamic acid
derivatives, respectively. All samples were filtered
through a 0.45 pm syringe filter (Sigma-Aldrich,
Germany) before injection. Peaks were identified by
congruent retention times and UV spectra and compared
with those of the standards.

Analysis of B-carotene by HPLC

Carotenoids were extracted as described by
Periago et al. (2004). p-carotene content was
determined using HPLC. A 50 pl sample was injected
into an Agilent Model 1100 HPLC (Agilent
Technologies, Santa Clara, CA, USA), equipped with a
quaternary pump and diode array detector using Agilent
Technologies set at 461 nm. Separation was performed
for 22 min per analysis on a ZORBAX Eclipse XDB-
C18 column (150 x 4.6 mm ID; Agilent Technologies,
Germany) at flow rate of 0.8 ml min'. The column
temperature was maintained at 20°C during the
separation process. The mobile phase consisted of: A
(acetonitrile and 0.1% butylhydroxy toluene [BHT]), B
(acetone and 0.1% BHT) and C (water). The gradient
elution as follows: in 1 min 60% A and 40% C, in 10
min 35% B and 12% C, in 12 min 100% B. Compounds
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were identified by compared their retention time with
standards. Data analysis was performed using Chem
Station software (Agilent Technologies, Germany). All
chemicals were HPLC grade and obtained from Merck
(Darmstadt, Germany).

Analysis of the carrot puree frozen yoghurt mix and
resultant frozen yoghurt

Physical analysis

All measurements of frozen yoghurt mixes were
done in triplicates. The specific gravity and weight per
gallon of both mixes and resultant frozen yoghurt was
analysed as described by AOAC (2000). Freezing point
of frozen yoghurt mixes was determined according to
Arbuckle (1986). Overrun % was calculated as
mentioned by Marshall and Arbuckle (1996). The
melting rate of resultant frozen yoghurt was determined
according to Segall and Goff (2002). The coulor reading
characteristic was measured by Hunter colorimeter.

Viscosity of frozen yoghurt mixture

The apparent viscosity of all mixes of frozen
yoghurt samples was measured using (Ametek
Brookfield model LV rotary viscometer, DV-II™,
USA) with spindle 03 and 50 rpm for different
treatments. Viscosity was estimated using 200 ml of
frozen yoghurt mix at 20°C. Measurements were taken
every 3 min of spindle operation and at least 3 replicates
performed. Values are expressed in centipoises (Cp).
Chemical analysis

Crude fiber content and acidity % were
determined according to AOAC (2000). Total
carotenoids content was determined according to Moore
et al. (2005), vitamin C as described by Elgailani ef al.
(2017), antioxidant activity determination according to
Hwang and Do Thi (2014), pH value and total phenolic
compounds determined according to Zilic et al. (2012).
The Phenolic acids were determined by HPLC,
according to Kim ef al. (2000).

Bacteriological properties

Eillker agar medium (Eillker et al., 1956) was
used for the enumeration of total viable lactic acid

bacteria after incubation (Memmert, Germany) at 37°C
for 48 h under aerobic condition.

Sensory properties

Sensory properties for the control and other
treatments of frozen yoghurt were evaluated at fresh (1
day) and after 15, 30 and 45 days of storage at -18+1°C
by staff members of the Dairy Department, Faculty of
Agriculture, Suez Canal University, Egypt as described
by Salama (2004).

Cost of production

The cost of production the different mixes were
calculated according to Khalil and Blassey (2019). The
available prices (L.E) of raw materials used in frozen
yoghurt making in the Egyptian market. Full cream milk
powder 68 (L.E Kg"), skim milk powder 54 (L.E Kg™),
sugar 8 (L.E Kg'), CMC 65 (L.E Kg') and carrot 2
(L.EKgh.
Statistical analysis

Data were analyzed statistically by using CoStat
Pro (2005), Version 6. 311. statistically different groups
were determined by the LSD (least significant
difference) test (p<0.05).

RESULTS AND DISCUSSION

Chemical properties of carrot puree (CP)

Carrot puree (CP) contented 7.75% total solids
and its T.S.S 6.85%. It has a good content of fibers
0.82%. pH value of CP was 5.79. The colour reading
characteristic using Hunter was recorded L*50.75, a*
32.69 and b* 50.69 as shown in Table (2). So, CP had
unique attractive orange colour.

Carrot and carrot puree solids are considered to be
a good source of carotenoids, especially B-carotene,
dietary fibers, sugars, minerals, vitamins and bioactive
compounds and a small amount of fat therefore, provide
many benefits for human health and nutrition (Di
Giacomo and Taglieri, 2009). The variation chemical
composition of CPS with other studies may be
attributed to differences in th5e agricultural season and
storage condition of the vegetables used in this study
and coulor of carrot.

Table (2): Chemical composition, total phenolic compounds, vitamin C, antioxidant scavenging activity and colour

reading of carrot puree (average of three replicates)

Components Carrot puree
Moisture (%) 92.25

T.S (%) 7.75
T.S.S (%) 6.85
Crude fiber contents (mg 100 g7) 0.82

pH value 5.79
Total carotene contents (mg 100 g™) 69.76
Antioxidant s_clavenging activity contents 45

(mg TE 100 g™)

Total phenolic compounds (mg GAE 100 g™) 10.41
Vitamin Contents (mg 100 g'l) 16.66

L* a* b*

Colour reading characteristics

50.75 32.69 50.69
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The CPS contained high levels of antioxidant
scavenging activity (4.52 mg TE 100 g), total phenol
(10.41lmg GAE 100 g"') and total carotene contents
(69.76 mg 100 g") as shown in Table (2). Carotenes
contain mainly B-carotene and other antioxidants may
protect humans against certain types of cancer and
cardiovascular diseases and may enhance the immune
system, protect against stroke, high blood pressure,
osteoporosis, cataracts, arthritis, heart disease, bronchial
asthma and urinary tract infections (Rafiq et al., 2016).
Their bright orange colour is related to the content of -

carotene properly protected by inactivation of oxidative
enzymes (Quitdo-Teixeira et al., 2008). Carrot puree
contained high levels of p-hydroxybenzoic (1115.04 pg
100 g") as shown in Table (3) and Figs. (1 a, b). These
results are in agreement with Ahmad ez al. (2017). Carrot
puree contained 54.06 mg 100 g of B-carotene (Figs. 2a,
b). These results suggest that the CPS can be used as
functional ingredient with high dietary fibers diets. These
results are in agreement with Susiloningsih ef al. (2016).
However, the CPS confirmed the high antioxidant
scavenging activity especially B-carotene of the CPS.

Table (3): Identification of phenolic acid compounds in carrot puree samples determined by HPLC

Retention time Carrot puree

Compounds Peak number . _

P (min) (g 100 g™
p-Hydroxybenzoic 12.082 1115.04
Catechin 6 16.672 86.89
Syringic 9 20.108 30.78
Vanillic 10 28.008 171.77
Ferulic 12 31.703 72.61
Sinapic 13 33.301 30.22
p-Coumaric 15 35.782 4791
Apigenin-7-glucoside 18 41.234 33.79
Rosmarinic 19 49,968 7.26
Cinnamic 20 51.755 30.81
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Fig. (1 a, b): HPLC chromatogram of standards (a) and carrot puree (b) phenolic acid compounds



Functional Low-Fat Frozen Yoghurt with Carrot (Dascus carota L.) Puree 23

DAD1 A, Sig=461,4 Ref=off (BIOMAY\NOV01191.D)
mAU

350

Lutin

300

5.387

250

B-Carotene

200

8.686

1504

1004

50

(@)

0+ T
T T T T T T T T T T T T T T T T T T T T T T T T T T
5 15 20 25 30 mir|
DAD1 A, Sig=461,4 Ref=off (BIOMAY\NOV01195.D)
mAU
350 (b)
I
~
300 «©
250
200
150
100
50+ o
<
[t
I R ‘
T T T T T T
0 5 10 15 20 25 30 mi

Fig (2 a, b): HPLC chromatogram of standards (a) and carrot puree (b) B-carotene

Physical properties of carrot frozen yoghurt

mixtures

The specific gravity and weight per gallon values
of carrot frozen yoghurt mixes increased significantly
with adding CPS (Table 4) as a result of higher solids
not fat and lower fat contents of these mixes. These
results are in agreement with EI-Kholy (2018).

Freezing point depression (FPD) is a critical
parameter in ice cream production as it influences the
initial and gradual growth of the mean size of the
formed ice crystals and also their native thermodynamic
instability (Hartel, 2001). The freezing point of carrot

frozen yoghurt mixes (T,, T; and T,) treatments
decreased significantly (p<0.05) compared with control
(T, and Ts) treatments might be due to high ash content
and fiber of carrot puree solids (Table 4). ElI-Samahy et
al. (2015) stated that when fat was removed from ice
cream and replaced with nonfat milk solids or other
dissolved substances, the freezing point was lowered.
The use of vegetable in the manufacturing of ice cream
mix added some sugars and minerals which caused
more FPD as compared to low fat ice cream mix
without using fruit. Similar finding was found by Khalil
and Blassey (2019).

Table (4): Effect of using different percentages of carrot puree solids on physical properties and total viable lactic acid

bacterial count of carrot frozen yoghurt mixture

Treatments
Physical properties
T] Tz T3 T4 T5

Specific gravity 1.087%+ 0.00 1.118°+0.00 1.134°£0.00 1.155+0.00 1.077°+ 0.00
Weight per gallon (kg)  4.941°+£0.00  5.082°%0.00 5.154°+ 0.00 5.250*+0.00 4.895°+ 0.00
Freezing point °C -1.77%+£0.01 -1.85°+0.01 -1.95°+0.01 22.02*£0.01 -1.62°+ 0.00
Viscosity (Cp) 7794+ 1.52 937°+2.64 1628" + 2.00 1767 + 2.64 602°+2.51
LAB (Log cfu g™) 8.00% £ 0.09 7.59° +0.05 7.35°+ 0.04 7.14%£0.09 7.96* + 0.03

Values are means + standard deviations of triplicate determinations
Means with the same row with different superscript (a, b, c...) are significantly different (p<0.05)
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The apparent viscosity of frozen yoghurt mix
affects the body and texture of the finished product
(Minhas et al., 2002). The apparent viscosity of frozen
yoghurt mix increased gradually as the ratio of fat
substitution of CPS increased whereas, control low fat
FY (Ts) showed the lowest apparent viscosity (Table 4).
The data also indicated that the mixes with the addition
of 4% CPS (T, treatment) had a higher viscosity,
compared with other mixes. This might be due to the
higher fiber content in carrot, which is responsible for
gel forming viscous, as well as particles size and high-
water holding capacity of fiber (Soukoulis ez al., 2009)
and (Milani and Koocheki, 2011).

Bacteriological properties of carrot frozen yoghurt
mixtures

Addition of 1, 2 and 3% of CPS in carrot frozen
yoghurt decreased the total viable lactic acid bacterial
count significantly (p<0.05) as compared with control
T, and Ts treatments (Table 4). The decrease in total
viable LAB counts maybe attributed to the high content
of phytochemicals of CPS added (Leong and Shui,
2002) during yoghurt processing. However, other
studies (Radiati et al, 2016) stated that no significant
variation of LAB counts have been found between
carrot juice frozen yoghurt and control.

Properties of resultant carrot frozen yoghurt
Physical properties of carrot frozen yoghurt

Incorporation of air into frozen yoghurt mix
during the pre-freezing process decreased the specific
gravity of frozen yoghurt and weight per gallon as
compared with its mixes values (Table 5). The specific
gravity and weight per gallon were significantly
(p<0.05) higher for T,, T; and T4 carrot frozen yoghurt
treatments compared with control (T, and Ts)
treatments. While, T, treatment recorded the highest
specific gravity and weight per gallon compare to all
treatments (Table 5). In addition, full fat frozen yoghurt
T, treatment tended to have higher overrun % than low
fat without CPS. The increase of specific gravity
depends on the formula component as well as mix
ability to hold the air bubbles and overrun percent in the
resultant FY (Khalil and Blassey, 2019). Overrun can be
defined as the percent of FY expansion due to the
incorporation of air into matrixes of FY mix during the
freezing process (Cruz et al., 2009). Carrot frozen
yoghurt made with CPS (T,, T; and T,) treatments
showed significantly (p<0.05) higher overrun than that
of low-fat FY without CPS (Ts) treatment which can be
attributed to the high viscosity mix containing CPS

(Table 5). Addition of 3% CPS causes decreased of
overrun% probably due to its higher viscosity and
decreased air bubbles stability. These results are in
agreement with Erkaya ef al. (2012) for ice cream
containing cape gooseberry.

The meltdown rate is an important characteristic
of ice cream. Slow meltdown and good shape retention
are some of the ideal quality parameters of ice cream
(Bahramparvar and Mazaheri-Tehrani, 2011). The
increase in the melting resistance of carrot frozen
yoghurt was proportional (p<0.05) to the amount of
CPS used (Fig. 3). Melting resistance of carrot frozen
yoghurt was expressed as the loss in weight present of
the initial weight of the tested formula during 60 min.
The control FY (Ts) treatment had the highest melting
rate than other frozen yoghurt treatments made with
replacement of fat replacer by CPS. These results are in
agreement with El-Kholy and Abbas (2015), they stated
that the melting resistance was related to viscosity and
freezing point of the FY mix. On the other hand, the
initiation of fluid release was slower significantly for
T4, T3 and T, treatments, respectively. Generally, as the
mix viscosity increased, the resistance of ice milk to
melting increases (Salama, 2004). A lower freezing
point of ice cream was reported to produce a softer but
more unstable product during frozen storage (Eisner et
al., 2005). These results are in agreement with Goh et
al. (2008) who reported that the differences in melting
resistance are mainly due to the differences in the
freezing points of the treatments.

Colour is an important parameter to the quality of
food products because of its association with factors
such as freshness, ripeness, desirability and food safety.
It is often a primary consideration for consumers when
making  purchasing  decisions  (Arscott  and
Tanumihardjo, 2010). All FY containing CPS exhibited
orange colour of variable intensity according to the CPS
ratio used. The colour of CFY was also evaluated by
instrumental measurement of colour parameters (Fig. 4
a, b). Low fat FY with CPS treatments (T,, T; and Ty)
had lower L* value indicating darker colour, higher
redness (higher a* values) and higher negative b*
(referring to blueness) than both full fat and low-fat FY
(T, and Ts) treatments without CPS. All treatments of
CFY with CPS appeared increases in L* value and
decreased in a* and b* values during storage period
from fresh (1 day) until 45 days. These results are in
agreement with El-Samahy ef al. (2015).

Table (5): Effect of using different percentages of carrot puree solids on physical properties of carrot frozen yoghurt

Treatments
Physical properties
T, T, T; T, Ts
Specific gravity 0.652%+ 0.00 0.697°+ 0.00 0.722°+ 0.00 0.750%+ 0.00 0.229°+0.00
Weight per gallon (kg) 2.966%+ 0.01 3.169°+ 0.00 3.284°+0.01 3.412%0.00 1.041°£0.02
Overrun (%) 66.10°+0.82 60.16°+ 0.40 56.95°+ 0.64 53.739+ 0.48 43.31°+1.30

Values are means + standard deviations of triplicate determinations

Means with the same row with different superscript (a, b, c...) are significantly different (p<0.05)
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Chemical analysis of carrot frozen yoghurt

The acidity % of CFY decreased slightly as
percentage of CPS increased. While, in both control (T
and Ts) the acidity increased gradually compared with
the other treatments, this may be due to the effect of low
pH value in CPS add to CFY but T, was recorded the
highest acidity during storage period at -18+1°C. On the
other hand, pH value for T, treatment increased
significantly (p<0.05) as compared to control FY (T,
and Ts) treatments (data are not shown).

Carotenoids (especially p-carotene) are important
for human nutrition because of their provitamin A and
antioxidant capacity (Agabriel et al., 2007). The total

carotene content of CPS fortified treatments (T,, T3 and
T,) was increased significantly (p<0.05) as the ratio of
CPS increased compared with FY control (T; and Ts)
treatments (Fig. 5). Due to low levels of total carotene
content in milk, it would be useful for the human diet
with supplementation of CPS, which is rich in total
carotene. Generally, total carotene contents were
decreased in all CFY samples and control during
freezing storage. These results are in agreement with
Dutta et al. (2005) who reported that the total carotene
content losses significantly when increase freezing
storage period.
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Fig. (5): Effect of using different percentages of carrot puree solids on total carotene (mg 100 g of carrot frozen yoghurt

Vitamin C content of CPS fortified treatments
increased significantly (p<0.05) as CPS increased in all
treatments (T,, T; and T4) compared with frozen
yoghurt control (T, and Ts) treatments (Fig. 6). These
results are in agreement with Jhansi and Sucharitha
(2013) who stated that carrot ice cream recorded highest
ascorbic acid content compare with the control ice
cream. This result can be explained by the higher
content of vitamin C in raw carrot compared to milk.

On the other hand, it is clear that the value of
vitamin C decreased during 30 days of freezing storage
period at -18+1°C and stable until 45 days of storage
period in all treatments. This which was probably due to
the fact that ascorbic acid being sensitive to oxygen,
light and heat. It was easily oxidized in presence of
oxygen by both enzymatic and non-enzymatic catalyst.
These results are in agreement with Jan and Masih
(2012).
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Fig. (6): Effect of using different percentages of carrot puree solids on vitamin C of carrot frozen yoghurt during
storage period
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The addition of dietary fiber to dairy products is
one of the fields of functional foods. Carrots are high in
dietary fibers which play an important role in human
health and diets. Dietary rich fiber foods are associated
with the prevention, reduction and treatment of some
diseases such as diverticular and coronary heart diseases
(Dundar and Gocmen, 2013). It can import functional
properties to foods such as increasing the water
retention capacity which improves the viscosity of the
products (Rezaei et al., 2015). Some fruits or vegetables
mixtures improve the nutrition value of frozen yoghurt
and provide a desirable taste for consumers and it plays
a considerable role in frozen yoghurt consumption also,
increases the consumer acceptability (Cakmakgi ef al.,
2012).

Crude fiber content of CPS fortified CFY
increased significantly (p<0.05) as CPS ratios increased
in all treatments (T,, T; and T4) compared to FY control
(T, and Ts) treatments (Fig. 7). Addition of CPS at
different ratios of carrot frozen yoghurt improved the
viscosity. These results are in agreement with Khalil
and Blassey (2011) who reported that the improve of
viscosity may be due to thickening effect of the soluble
fiber due to the three-dimensional confirmation of the
hydrated biopolymers. In addition, to soluble fiber can
modify and improve the texture and sensory properties
of food because of its ability to bind with water, form

gels and its thickening properties (Soukoulis et al.,
2009).0On the other hand, it is clear that crude fiber
contents were stable during freezing storage period at -
18+1°C when fresh until 45 days in all treatments.

Phenolic acid compounds content of carrot frozen
yoghurt

Phenolic compounds are secondary plant
metabolites, mainly composed of an aromatic ring
bearing one or more hydroxyl groups, playing on
oxidative stress. Phenolic compounds can be divided
into different subgroups, such as phenolic acids,
flavonoids and tannins. It has been reported that carrots
are rich in phenolic acids, such as p-hydroxybenzoic,
syringic, cateachin, wvanillic, ferulic, p-coumaric,
cinnamic, apigenin-7- glucoside and sinapic. These
compounds were identified in the orange carrot
(Alasalvar et al., 2001; Ahmad et al. 2017).

The phenolic acid compound contents of CFY (T,,
T; and Ty) treatments were higher than that of control
(T, and Ts) treatments. The increased ratios of CPS
added to FY increased the phenolic acid compound
contents of CFY treatments. T, treatment was recorded
highest phenolic acid compound contents compared
with all treatments after 45 days of freezing storage
period at -18+1°C (Table 6 and Fig. 8).
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Fig. (7): Effect of using different percentages of carrot puree solids on crude fiber of carrot frozen yoghurt during
storage period

Fig. (8): HPLC chromatogram of phenolic acid compounds of carrot frozen yoghurt (T, treatment)
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Table (6): Concentration of phenolic acid compound contents in carrot frozen yoghurt after 45 days of freezing storage period

Peak Retention time Treatmen_tls
Compounds sumber (min) (ng 100 g™)

T, T, T; T, Ts
p-Hydroxybenzoic 4 12.082 39.63  45.12 63.57 212.62  29.95
Catechin 6 14.672 21.85  43.19 92.62 99.35 15.63
Syringic 9 18.279 0.78 5.29 5.51 6.14 ND
Vanillic 10 28.008 ND 6.42 20.72 39.31 ND
Ferulic 12 31.703 ND 8.94 21.62 25.17 ND
Sinapic 13 33.301 ND 3.49 4.50 5.57 ND
p-Coumaric 15 35.287 ND 15.32 22.78 30.45 ND
Apigenin-7-glucoside 18 41.234 ND 8.06 9.31 12.81 ND
Rosmarinic 19 43.968 ND 3.85 5.52 6.24 ND
Cinnamic 20 51.755 ND 3.90 10.90 15.63 ND

ND: not detected.

p-Hydroxybenzoic is found in a great amount in
plant cell walls and it was the major phenolic acid
compound. p-Hydroxybenzoic was recorded 39.63,
45.12, 63.57, 212.62 and 29.95 pg 100 g in Ty, Ty, Ty,
T4 and Ts treatments, respectively. While the highest
ratio was recorded in T, treatment. It potential to
decrease cardiovascular problems related to aging such
as hypertension, atherosclerosis and dyslipidemia
(Juurlink et al., 2014). Also, it is the primary bioactive
component in preventing urinary tract infections thus
prevents the growth of Escherichia coli on the urinary
tract (Vattem et al., 2005).

Catechin was recorded 21.85, 43.19, 92.62, 99.35
and 15.63 pg 100 g in T,, T, Ts, T4and Ts treatments,
respectively. While the highest ratio was recorded in T4
treatment. The functional activity of catechin refer to
prevent of some diseases such as cancer, obesity,
diabetic, cardiovascular, Alzheimer's disease, infection
(like influenza), improved antiviral activities,
hepatoprotective and neuroprotective effects. Catechin
is known to have dual actions in relation to reactive
oxygen species as an antioxidant and a pro-oxidant
(Isemura, 2019).

Syringic acid was recorded 0.78, 5.29, 5.51 and
6.14 pg 100 g'1 in T,, T,, T; and T, treatments,
respectively. While the highest ratio in T, treatment.

Syringic acid is an excellent compound to be used
as a therapeutic agent in various diseases (diabetes,
brain ischemia, decreased the blood pressure, neuro and
liver damage) and this reaction due to the presence of
methoxy groups onto the aromatic ring at positions 3
and 5 in syringic acid. Also, it can improve the
nonenzymatic antioxidants (vitamin C and vitamin E),
stimulate the brain to send signaling for immune cells to
prevent inflammation processes and it improves insulin
secretion (Srinivasulu ef al., 2018).

Vanillic was recorded 6.42, 20.72 and 39.31 pg
100 g'1 in T,, T3 and T4 treatments, respectively. The
highest ratio was recorded in T, treatment. While, it was
absent in T and T (control) treatments.

Vanillic acid is known as Chinese medicine. It is a
benzoic acid derivative that is used as a flavoring agent. It
is an oxidized form of vanillin. Vanallic acid can be
prevent the harmful effects of chronic stress on cognitive
function and activation memory, reduced colitis,
regulation of chronic intestinal inflammation, enhanced
the of activity lymphocyte and improve function of
immune system in human and protective of liver
inflammation (Kim et al., 2010; Singh et al., 2015).

Ferulic acid was recorded 8.94, 21.62 and 25.17
pg 100 g'1 in T,, T; and T, treatments, respectively. The
highest ratio was recorded in T, treatment. While, it was
absent in T, and T (control) treatments. Ferulic acid (4-
hydroxy-3-methoxy cinnamic acid) is a phenolic
compound, it contains carboxylic acid group which it
binds to the lipid bilayer to provide some protection
against lipid peroxidation. Ferulic acid exhibits
anticarcinogenic effect especially colon and skin
carcinogenesisby polycyclic aromatic hydrocarbon
(Srinivasan et al., 2007; Batista, 2014).

Sinapic acid was recorded 3.49, 4.50 and 5.57 pg
100 g' in T,, Ts and T, treatments, respectively. The
highest ratio was recorded in T, treatment. It was not
found in T; and Ts treatments. Sinapic acid (3,5-
dimethoxy-4-hydroxycinnamic acid) is a bioactive
phenolic acid and has the potential to attenuate various
chemically induced toxicities and widespread in the
plant kingdom (citrus and berry fruits, vegetables, cereal
grains, oilseed crops, and some spices and medicinal
plants) and as such is common in the human diet. It is
known to exhibit antioxidant, anti-inflammatory,
anticancer, antimutagenic, antiglycemic,
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neuroprotective, anti-anxiety activity and antibacterial
activities. In another study, sinapic acid was reported to
have the potential to selectively kill the pathogenic
bacteria leaving beneficial lactic acid bacteria alive. For
these reasons they have been suggested this compound
for potential use in food processing, cosmetics and the
pharmaceutical industry (Ni¢iforovi¢ and Abramovic,
2014; Chen, 2016).

p-Coumaric was recorded 15.32, 22.78 and 30.45
ug 100 g in T,, T5 and T, treatments, respectively. The
highest ratio was recorded in T, treatment While, it was
absent in T1 and T5 (control) treatments. The functional
of p-coumaric acid are reducing oxidative stress and
inflammatory reactions. It has good potential to be used
as a skin-lightening active ingredient in cosmetics (Boo,
2019). Chinese medicine is used p-coumaric as
medication to treat patients with rheumatoid arthritis
(Zhu et al., 2018). Also, it prevents heaptotoxicity and
nephrotoxicity by increased antioxidant enzymes and
prevent cancer disease by reduce the free radical (Ekinci
Akdemir et al., 2017).

Apigenin-7-glucoside was recorded 8.06, 9.31 and
12.81 pg 100 g'1 in T,, T; and T, treatments,
respectively. The highest ratio was recorded in Ty
treatment. It was not found in T, and Ts treatments.
Apigenin (4,5,7-trihydroxyflavone) is one of the most
widely distributed in the plant kingdom and one of the
most studied phenolics. Apigenin is present principally
as glycosylated in significant amount in vegetables
(parsley, celery, and onions), fruits (orange), herbs
(chamomile, thyme, oregano and basil) and plant-based
beverages (tea). It is effects in diabetes, amnesia and
Alzheimer’s disease, obesity disease Parkinson’s
disease, depression and insomnia, anti-inflammatory
and antioxidant function (Hadrich and Sayadi, 2018;
Salehi et al., 2019).

Rosmarinic acid was recorded 3.85, 5.52 and 6.24
pg 100 g'1 in T,, T; and T, treatments, respectively. The
highest ratio was recorded in T, treatment. It was not
found in T, and T treatments. Alagawany et al. (2017)
and Taram et al. (2018) stated that rosmarinic acid is an
ester of caffeic acid and 3,4-dihydroxyphenylactic acid
and has a number of beneficial biological activities,
commonly used as an herbal spice in food and it had a
positive effect treatment on headaches, stomach
problems, antimicrobial, immunomodulatory, anti-
diabetic, anti-allergic, anti-inflammatory, hepato- and
renal protectant, Alzheimer’s disease, anti-viral, anti-
mutagenic, Parkinson’s disease and beneficial effects
during skin affections.

Cinnamic acid was recorded 3.90, 10.90 and 15.63
ug 100 g in T,, T5 and T, treatments, respectively. The
highest ratio in T, treatment. It was not found in T, and
Ts treatments. Cinnamic acid is antimicrobial natural
preparations involving cinnamon. cinnamic molecules
related with medicinal application, for example on
anticancer, antituberculosis, antimalarial, antifungal,

antimicrobial, antiatherogenic and antioxidant activities
and it was found to be much more active against the
tuberculosis  causing  bacterium  (Mycobacterium
tuberculosis) (Guzman, 2014).

Determination of phenolic
antioxidant scavenging activity

Substitution of milk fat with CPS increased the
total phenolic compounds and antioxidant scavenging
activity this increase was proportional to the
replacement ratio as compared with the control FY (T,
and Ts) treatments. Total phenolic compounds and
antioxidant scavenging activity of carrot frozen yoghurt
significantly (p<0.05) increased with the increase of the
concentration of CPS added and fermentation time in
CFY. Therefore, T, treatment recorded was highest
levels of total phenolic compounds and antioxidant
scavenging activity and total phenol contents. Thus,
using CPS could improve total phenolic compounds and
antioxidant scavenging activity of FY (Figs. 9 a, b).
During freezing storage period at -18+1°C total
phenolic compounds and antioxidant scavenging
activity of fresh samples of all treatments with CPS and
control tended to be decreased. Similar findings were
reported by Rizk et al. (2014) and El-kholy (2018) for
ice cream made with added tomato peel, cactus pear
pulp and powder doum fruit as a natural antioxidant
source.

compounds and

Bacteriological properties of carrot frozen yoghurt
Total viable lactic acid bacterial count

The total viable LAB count in control (T, and Ts)
treatments was significantly (p<0.05) higher than that
recorded in the carrot frozen yoghurt (T,, T3z and T,)
treatments (Fig. 10). The redaction of total LAB count
in the CFY treatments may be due to the addition of
CPS. These results are in agreement with Aly ef al.
(2004) who stated that the counts of LAB markedly
decreased with adding carrot juice to yoghurt.

During freezing storage period, the counts of LAB
significantly (p<0.05) decreased gradually in all
treatments. This decrease may be due to the destructive
of low temperature in the bacterial cells. Furthermore,
this decrease may due to the residual oxygen from the
air incorporated during overrun process (Ordonez et al.,
2000).

In compare with the LAB counts of the carrot
frozen yoghurt mix, the counts of LAB in all CFY
treatments decreased from 7.0-8.0 to 5.0-7.0 Log cfu g’
during 45 days of storage period (Table 4 and Fig.10).

Bakirci and Kavaz (2008) and El-Kholy (2018)
reported that the total bacterial counts of frozen yoghurt
have been decreased during storage period at -18+1°C,
it could be attributed to the effect of fruits and
vegetables addition. Furthermore, the high content of
phytochemicals may be decrease the total bacterial
count (Matter et al., 2016).
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Sensory properties of carrot frozen yoghurt

It was clear that FY made with addition different
ratios of CPS (T,, T; and T,) treatments gained
significantly higher (p<0.05) overall acceptability scores
more than control frozen yoghurt (T; and Ts)
treatments. The highest total acceptable scores and
organoleptic characteristics were observed in the
highest ratios of CPS (T;) added to frozen yoghurt
except for flavour whereas T; treatment recorded
highest flavour score (data are not shown). The addition
of CPS improved body, texture, colour and overall
acceptability for the treatments which achieved the
highest total scores compared with control FY
treatments. These results are in agreement with Agarwal
and Prasad (2013).

The overall acceptability scores of all carrot
frozen yoghurt treatments decreased significantly
(p<0.05) up to 30 days of freezing storage period. These

results are in agreement with Agarwal and Prasad
(2013).

The addition of CPS to carrot frozen yoghurt
increased mouth feel thickness, tended to be creamier
than control FY (T, and Ts) treatments. It is concluded
that the low-fat frozen yoghurt containing 3% CPS and
1% fat (T4 treatment) had the highest organoleptic and
nutritional characteristics compared with the other
treatments.

Cost production of carrot frozen yoghurt

Full fat frozen yoghurt had the highest cost of
production but low-fat frozen yoghurt had the lowest
cost of production. Ts had recorded 26.11% reduction of
cost production. Using CPS at ratio 1, 2 and 3% in low
fat frozen yoghurt decreased the production cost with
7.52,15.12 and 22.51 %, respectively as compared with
T, (Table 7) because of its cheap price of carrots.

Table (7): Effect of using different ratios of CPS in the cost production of carrot frozen yoghurt

Treatments
Items
T] T2 T3 T4 TS
Cost production (L.E) 1247.72 1153.93 1059.08 966.88 921.90
% Reduction of the cost compared 750 15.12 2751 26.11

with full fat one

CONCLUSION

Carrot (Dascus carota L.) vegetable can be used
as a functional ingredient in frozen yoghurt due to its
carotenoids, natural antioxidant scavenging activity,
fibers content in addition to its nutritive constituent and
health promoting characteristics. The carrot puree had
unique characteristics and attractive colour which make
it suitable to be applied in frozen yoghurt making.
Carrot  puree solids  improved  rheological
characteristics, antioxidant scavenging activity and the
total acceptability of the functional low-fat frozen
yoghurt. Therefore, carrot puree solids can be used
successfully in making low-fat frozen yoghurt to give
highest overall acceptability comparable with that full
fat frozen yoghurt except flavour. The addition of 3%
carrot puree solids was the best treatment except for the
flavour results. So, we can recommend to enhance its
flavour by adding fruits for improve the flavour of
resultant frozen yoghurt.

REFERENCES

Agabriel, C., A. Cornu, C. Journal, C. Sibra, P. Grolier
and B. Martin (2007). Tanker milk variability
according to farm feeding practices: Vitamins
A and E, carotenoids, color, and terpenoids.
Journal of Dairy Science, 90: 4884-4896.

Agarwal, S. and R. Prasad (2013). Nutritional
supplementation of low-fat frozen yoghurt
incorporated with carrot pulp. Asian Journal of
Dairy & Food Research, 32: 228-234.

Ahmad, T., M. Cawood, A. Batool, R. M. S. Tariq, M.
A. Ghani and M. Azam (2017).
Phytochemicals in Daucus carota and their
importance in nutrition—Review article. Peer
Journal, 5: 1-40.

Alagawany, M., M. E. A. El-Hack, M. R. Farag, M.
Gopi, K. Karthik, Y. S. Malik and K. Dhama
(2017). Rosmarinic acid: Modes of action,
medicinal values and health benefits. Animal
Health Research Reviews, 18: 167-176.

Alasalvar, C., J. M. Grigor, D. Zhang, P. C Quantick
and F. Shahidi (2001). Comparison of
volatiles, phenolics, sugars, antioxidant
vitamins, and sensory quality of different
colored carrot varieties. Journal of Agricultural
& Food Chemistry, 49: 1410-1416.

Aly, S. A., E. A. Galal and N. A. Elewa (2004). Carrot
yoghurt: Sensory, chemical, microbiological
properties and consumer acceptance. Pakistan
Journal of Nutrition, 3: 322-330.

AOAC (2000). Official Methods of Analysis, 17" Ed.,
Association of Official Analysis Chemists Inc.,
USA.

Arbuckle, W. S. (1986). Ice Cream 4™ Ed., Avi
Publishing Co. Inc., West Port, Connecticut,
USA.

Arscott, S. A. and S. A. Tanumihardjo (2010). Carrots
of many colors provide basic nutrition and
bioavailable phytochemicals acting as a
functional food. Comprehensive Reviews in
Food Science and Food Safety, 9: 223-239.



32

Blassy et al., 2019

Bahramparvar, M. and M. Mazaheri-Tehrani (2011).
Application and functions of stabilizers in ice
cream. Food Reviews International, 27: 389-407.

Bakirci, I. and A. Kavaz (2008). An investigation of
some properties of banana yoghurts made with
commercial ABT-2 starter culture during
storage. International Journal of Dairy
Technology, 61: 270-276.

Batista, R. (2014). Uses and potential applications of
ferulic acid. Ferulic acid: antioxidant
properties, uses and potential health benefits.
1" ed. New York, NY: Nova Science
Publishers, Inc., pp. 39-70.

Boo, Y. C. (2019). p-Coumaric acid as an active
ingredient in cosmetics: a review focusing on
its antimelanogenic effects. Antioxidants, 8:
275-291.

Cakmakei, S., B. Cetin, T. Turgut, M. Giirses and A.
Erdogan (2012). Probiotic properties, sensory
qualities, and storage stability of probiotic
banana yoghurts. Turkish Journal of Veterinary
and Animal Sciences, 36: 231-237.

Chen, C. (2016). Sinapic acid and its derivatives as
medicine in oxidative stress-induced diseases
and aging. Oxidative Medicine and Cellular
Longevity, 2016, 1-10. (http://dx.doi.org/
10.1155/2016/3571614).

Commission Internationale de 1’Eclairage (CIE) (1976).
Colorimetry: Official recommendations of the
international commission on illumination.
Publication CIE No. 15(E-1.3.1), Boreau
Central de la CIE. Paris, France.

CoStat program (2005). Version 6.311. Copyright
(1998-2005) CoHort Software, Monterey,
California, USA.

Cruz, A. G., A. E. Antunes, A. L. O. Sousa, J. A. Faria
and S. M. Saad (2009). Ice-cream as a
probiotic food carrier. Food Research
International, 42: 1233-1239.

Di Giacomo, G. and L. Taglieri (2009). A new high-
yield process for the industrial production of
carrot juice. Food and Bioprocess Technology,
2:441-446.

Dundar, A. N. and D. Gocmen (2013). Effects of
autoclaving temperature and storing time on
resistant starch formation and its functional and
physical properties. Carbohydrate Polymers,
97:764-771.

Dutta, D., U. Raychaudhuri and R. Chakraborty (2005).
Retention of B-carotene in frozen carrots under
varying conditions of temperature and time of
storage. African Journal of Biotechnology, 4:
102-103.

Eillker, P. R.,, A. W. Andersen and G. Hannesson
(1956). An agar medium for lactic acid
streptococci and lactobacilli. Journal of Dairy
Science, 39: 1611-1612.

Eisner, M. D., H. Wildmoser and E. J. Windhab (2005).
Air cell micro structuring in a high viscous ice
cream matrix. Colloids and Surfaces A:
Physical and Engineering Aspects, 263: 390-
399.

Ekinci Akdemir, F., M. Albayrak, M. Calik, Y. Bayir
and I. Giilgin (2017). The protective effects of
p-coumaric acid on acute liver and kidney
damages induced by cisplatin. Biomedicines,
5:18-29.

Elgailani, I. E. H., M. A. M. Gad-Elkareem, E. A. A.
Noh, O. E. A. Adam and A. M. A. Alghamdi
(2017). Comparison of two methods for the
determination of vitamin C (ascorbic acid) in
some fruits. American Journal of Chemistry, 2:
1-7.

El-Kholy, A. M. and F. M. Abbas (2015). Using of
pumpkin (Cucurbita moschata) in making
healthy functional ice milk. Ismailia Journal of
Dairy Science and Technology, 2: 1-6.

El-Kholy, W. M. (2018). Preparation and properties of
probiotic low fat frozen yoghurt supplemented
with powdered doum (Hyphaene thebaica)
fruit. Egyptian Journal of Dairy Science, 46:
67-78.

El-Samahy, S. K., A. A. Gaballah, H. E. Embaby, Y. S.
Hamed and R. A. M. Khalil (2015). A novel
low fat ice cream based on the use of
preparation of cactus pear (Opuntia dillenii)
pulp. Egyptian Journal of Dairy Science, 43:
91-104.

Erkaya, T., E. Dagdemir and M. Sengil (2012).
Influence of Cape gooseberry (Physalis
peruviana L.) addition on the chemical and
sensory characteristics and mineral
concentrations of ice cream. Food Research
International, 45: 331-335.

Goh, K. K., R. S. Nair and L. Matia-Merino (2008).
Exploiting the functionality of lactic acid
bacteria in ice cream. Food biophysics, 3: 295-
304.

Guzman, J. D. (2014). Natural cinnamic acids, synthetic
derivatives and hybrids with antimicrobial
activity. Molecules, 19: 19292-19349.

Hadrich, F. and S. Sayadi (2018). Apigetrin inhibits
adipogenesis in 3T3-L1 cells by down
regulating PPARy and CEBP-o. Lipids in
Health and Disease, 17: 95-103.

Hartel, R. W. (2001). Crystallization in Foods 1% ed.
Gaithersburg, Maryland: Aspen Publishers Inc.

Hashimoto, T. and T. Nagayama (2004). Chemical
composition of ready to eat fresh carrot.
Journal of the Food Hygienic Society of Japan,
39:324-328.

Hwang, E. S. and N. Do Thi (2014). Effects of
extraction and processing methods on
antioxidant compound contents and radical
scavenging activities of Laver (Porphyra
tenera). Preventive Nutrition and Food
Science, 19: 40-48.

Isemura, M. (2019). Catechin in human health and
disease. Molecules, 24: 1-5.

Jan, A. and E. D. Masih (2012). Development and
quality evaluation of pineapple juice blend
with carrot and orange juice. International
Journal of  Scientific and  Research
Publications, 2: 1-8.



Functional Low-Fat Frozen Yoghurt with Carrot (Dascus carota L.) Puree 33

Jhansi, D. and K. V. Sucharitha (2013). Formulation
and standardization of value added ice-cream
with tomato. Indian Journal Applied Research,
3:322-323.

Juurlink, B. H., H. J. Azouz, A. M. Aldalati, B. M.
AlTinawi and P.  Ganguly (2014).
Hydroxybenzoic acid isomers and the
cardiovascular system. Nutrition Journal, 13:
63-73.

Khalil, R. A. M. and K. I. Blassey (2011). The use of
modified date pulp fibers in functional low fat
ice cream. Egyptian Journal of Dairy Science,
39: 275-283.

Khalil, R. A. M. and K. L. Blassey (2019). Preparation
and properties of low fat ice cream
supplemented with baked sweet potato puree.
Egyptian Journal of Dairy Science, 47: 61-70.

Kim, K. H., R. Tsao, R. Yang and S. W. Cui (2006).
Phenolic acid profiles and antioxidant activities
of wheat bran extracts and the effect of
hydrolysis conditions. Food Chemistry, 95:
466-473.

Kim, S. J., M. C. Kim, J. Y. Um and S. H. Hong (2010).
The beneficial effect of wvanillic acid on
ulcerative colitis. Molecules, 15: 7208-7217.

Leong, L. P. and G. Shui (2002). An investigation of
antioxidant capacity of fruits in Singapore
markets. Food chemistry, 76: 69-75.

Mabhrous, H. and R. Abd-El-Salam (2014). Production
of a functional frozen yoghurt fortified with
omega-3 and vitamin E. American Journal of
Food and Nutrition, 2: 77-84.

Marshall, R. T. and W. S. Arbuckle (1996). Ice Cream,
50 ed.: Chapman and Hall, New York, USA.

Matter, A. A., E. A. M. Mahmoud and N. S. Zidan
(2016). Fruit flavored yoghurt: chemical,
functional and  rheological  properties.
International Journal of Environmental and
Agriculture Research, 2: 57-66.

Milani, E. and A. Koocheki (2011). The effects of date
syrup and guar gum on physical, rheological
and sensory properties of low fat frozen
yoghurt dessert. International Journal of Dairy
Technology, 64: 121-129.

Minhas, K. S., J. S. Sidhu, G. S. Mudahar and A. K.
Singh (2002). Flow behavior characteristics of
ice cream mix made with buffalo milk and
various stabilizers. Plant Foods for Human
Nutrition, 57: 25-40.

Moore, J., Z. Hao, K. Zhou, M. Luther, J. Costa and L.
Yu (2005). Carotenoid, tocopherol, phenolic
acid and antioxidant properties of maryland-
grown soft wheat. Journal of Agricultural and
Food Chemistry, 53: 6649-6657.

Ni¢iforovi¢, N. and H. Abramovic¢ (2014). Sinapic acid
and its derivatives: natural sources and
bioactivity. Comprehensive Reviews in Food
Science and Food Safety, 13: 34-51.

Ordonez, A., 1. J. Jeon and H. A. Roberts (2000).
Manufacture of frozen yoghurt with ultra-
filtered milk and probiotic lactic acid bacteria.
Journal of Food Processing and Preservation,
24:163-176.

Periago M. J., F. Rincon, M. D. Aguera and G. Ros
(2004). Mixture approach for optimizing
lycopene extraction from tomato and tomato
products. Journal Agriculture Food Chemistry.
52: 5796-5802.

Quitdo-Teixeira, L. J., I. Aguilo-Aguayo, A. M. Ramos
and O. Martin-Belloso (2008). Inactivation of
oxidative enzymes by high-intensity pulsed
electric field for retention of color in carrot juice.
Food and Bioprocess Technology, 1: 364-373.

Radiati, L. E., F. Jaya and H. Oktavia (2016). Effect of
carrot-juice on exopolisaccharides and B-D
galactosidase activity in yoghurt. Animal
Product, 18: 173-179.

Rafiq, S., V. Sharma, A. Nazir, R. Rashid S. A. Sofi
(2016). Development of probiotic carrot juice.
Journal of Nutrition and Food Sciences, 6: 2-5.

Rezaei, R., M. Khomeiri, M. Kashaninejad, M.
Mazaheri-Tehrani and M. Aalami (2015).
Effect of resistant starch and aging conditions
on the physical properties of frozen soy
yoghurt. Journal of Food Science and
Technology, 52: 8164-8171.

Rizk, E. M., A. T. El-Kady and A. R. El-Bialy (2014).
Charactrization of carotenoids (lyco-red)
extracted from tomato peels and its uses as
natural colorants and antioxidants of ice cream.
Faculty of Agriculture, Ain Shams University,
Annals of Agricultural Science, 59: 53-61.

Salama, F. M. M. (2004). The use of some natural
sweeteners in ice cream manufacture. Egyptian
Journal of Dairy Science 32: 355-366.

Salehi, B., A. Venditti, M. Sharifi-Rad, D. Kregiel, J.
Sharifi-Rad, A. Durazzo and H. Antolak
(2019). The therapeutic potential of
apigenin. International Journal of Molecular
Sciences, 20: 1305-1331.

Segall, K. I. and H. D. Goff (2002). A modified ice
cream processing routine that promotes fat
destabilization in the absence of added
emulsifier. International Dairy Journal, 12:
1013-1018.

Singh, J. C. H., R. M. Kakalij, R. P. Kshirsagar, B. H.
Kumar, S. S. B. Komakula and P. V. Diwan
(2015). Cognitive effects of wvanillic acid
against streptozotocin-induced
neurodegeneration in mice. Pharmaceutical
Biology, 53: 630-636.

Soukoulis, C., D. Lebesi and C. Tzia (2009).
Enrichment of ice cream with dietary fibre:
Effects on rheological properties, ice
crystallisation and glass transition phenomena.
Food Chemistry, 115: 665-671.

Srinivasan, M., A. R. Sudheer and V. P. Menon (2007).
Ferulic acid: therapeutic potential through its
antioxidant property. Journal of Clinical
Biochemistry and Nutrition, 40: 92-100.

Srinivasulu, C., M. Ramgopal, G. Ramanjaneyulu, C.
M. Anuradha and C. S. Kumar (2018).
Syringic acid (SA) - A review of its
occurrence, biosynthesis, pharmacological and
industrial ~ importance. = Biomedicine &
Pharmacotherapy, 108: 547-557.



34 Blassy et al., 2019

Susiloningsih, E. K. B., U. Sarofa and F. I. Sholihah Products and Their General Usages. Tiirk
(2016). Antioxidant activity and sensory Tarimve Doga Bilimleri Dergisi, 1(Ozel Sayi-
properties carrot (Daucus carrota) soyghurt. 1), 1063-1066.

MATEC Web of Conferences, 58: 1-6. Zhu, H., Q. H. Liang, X. G. Xiong, Y. Wang, Z. H.

Taram, F., E. Ignowski, N. Duval and D. Linseman Zhang, M. J. Sun and D. Wu (2018). Anti-
(2018).  Neuroprotection comparison  of inflammatory effects of p-coumaric acid, a
rosmarinic acid and carnosic acid in primary natural compound of oldenlandia diffusa, on
cultures of cerebellar granule neurons. arthritis ~ model  rats. Evidence-Based
Molecules, 23: 2956-2969. Complementary and Alternative Medicine,

Vattem, D. A., R. Ghaedian and K. Shetty (2005). 2018: 1-9.

Enhancing health benefits of berries through Zilic, S., A. Serpen, G. Akillioglu, M. Jankovic and V.
phenolic antioxidant enrichment: focus on Gokmen (2012). Distributions of phenolic
cranberry. Asia Pacific Journal of Clinical compounds, yellow pigments and oxidative
Nutrition, 14: 120-130. enzymes in wheat grains and their relation to

Yildirim, C., C. Kdkbas, Z. Sezer, I. S. I. K. Cagdas and antioxidant capacity of bran and debranned

N. Giizeler (2014). Yoghurt, Yoghurt-Based flour. Journal of Cereal Science, 56: 652-658.

50 450 e pen) 488 (Bl g1 danall 1 g ol

dana adlall de Pl g ¢ b Jana g 58 ¢ Gladis dana ariall 1 dana gdna ¢ Dl Jada 4] ) 351
s Aglie LYl ¢ sl 5U8 Dralas el 30 A0S (YY) aud

AlaasSl 5 L 3 Gl A e pasiuedl T i) S 5 g0 %675 Y5 ) ansty SISl el s Ailaa) 55 ) o
Zl) A<y Al (ailiadlly ) iU Gaala L K saedl g 300830 saliaall ol gall ol 5 400 40 guadl) LS Sl
ala g Lae Anphall 50080 salcaall o galls A6 g duildall GBS juae 4l 5all uh Gua opall (addie desall & sea sl
a8 cg;ﬂ\Qj}\@ﬂSﬁ;@jé)&ﬁf{'_}lﬁ\)ﬁ\ ol s A8zl o il Cona gl cpall Gaidie O sea sl ase i) alasiud
Js Sl Aigey 45l eiiall 8 5uSO saliaall of gall Jalii 5 A0S0 4 gl LS jall ¢ lguaiDU da gliall oy pallall da g 300 o Slladly
Ala) o aa g Lol sl JalS J 5 yuSIL &5 i a )l canill ddali (pa SIS b aldds) i) ¢ jelal LS caall dmidie g caall dlalS
@l i elal s veadl) (383 N8 deaall (ol 31 (8 Al GLaSUI Gaaa LS K aaall it )l LISl el sa
Lan o) s )15 Al 5 Al il 8 i) Juadl cudae | ASH o glaall CaS 55 (e 9 dansy Sl 4y ) 0 A8l () ) il
Calae | IS L gLl oS 55 (0 %Y Aoy 4y ) sall A8l Lty 9 22,51 () Sl sty \03Y) 4S5 (il o plall e Lagh Gl
endall Al il Juad



