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Drying is recognized as a crucial and valuable preservation technique today. The current study aimed to compare the
antioxidant activity and total phenolic content of fresh, oven-dried, and freeze-dried ber (Ziziphus mauritiana) varieties
followed by value-added cake development. One batch of fresh fruit was dried in a hot-air oven at 70°C for 8 hours,
while another batch was freeze-dried at -50°C for 48 hours. The cv. ‘Dil Bahar,” which showed the highest Total Phenolic
Content (153.65+0.03 mgGAE/100g) and DPPH value (37.14+0.03%) after freeze-drying, was selected for developing
a value-added product i.e. freeze-dried berry cake. After initial analysis, freeze-dried ber was subjected to product
development as per treatment plan @5%, @10% and @15% followed by shelf-life study (0, 7%, 14" day). The findings
revealed that the Total Phenolic Content, DPPH, Hardness value of the freeze-dried berry cake increased (p<0.05) with
higher treatment percentages and decreased with the passage of storage time. Additionally, the color parameters (L*, a*,
and b*) exhibited significant (p<0.01) changes during storage. Sensory evaluation revealed highly significant (p<0.05)
results during storage. Short Abstract: Ber varieties were analyzed using both oven-drying and freeze-drying techniques
to create value-added berry cakes. The fresh fruits were evaluated for their DPPH and TPC content. The most suitable
drying method, based on TPC and DPPH content, was selected for product development according to a specified
treatment plan. The resulting product was then assessed through storage studies, which yielded highly significant results.
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INTRODUCTION

Most fruits are seasonal and perishable, and it is
estimated that 20-30% of fruits are lost in Pakistan. Ber
is a seasonal fruit that can be made available all year with
a variety of culinary products that have a longer shelf life.
Harvesting of this fruit is done in the autumn season so
post-harvest shelf life is less than 10 days under an
uncontrolled environment. Therefore, it is responsibility
of food processor to find effective preservation
techniques for jujubes to prolong their shelf life
(Mugaddas et al., 2025).

Currently, dried fruits and vegetables are
considered as most cherished healthy snacks. Drying
phenomena results in changing appearance of fruit and
chemical profile but it is effective in proper handling of
raw material and its shelf-life enhancement as it reduces
enzymatic degradation and controls growth of microbes
(Asami et al., 2003). Selection of satisfactory drying

technique will help in yielding a commodity with high
antioxidant potential, more flavored and minute change
in appearance. Consumer preference should be
considered before selection of drying method as it will
help in retaining substantial amounts of bioactive
components in end-product (Najjaa et al., 2020).

The post-harvest shelf life of ber is limited due
to its perishable nature. Drying is a preservation method
of jujubes for keeping desirable characteristics, lessening
of storage volume and prolongation of shelf life. Various
methods of drying have been introduced that possess
considerable attributes. In traditional drying, sun-drying
method is useful in ensuring appropriate preservation of
jujube fruit (Wojdylo et al., 2019; Xiao et al., 2015).

In the oven drying method, Wan et al., (2025)
dried the samples in hot air oven dryer that was designed
and built by Oregon Freeze-Dry, Inc. In the freeze-drying
phenomenon, food is subjected to freezing first followed
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by the removal of water through process of sublimation.
This phenomenon helps in inhibiting chances of
deterioration and microbial reactions due to the absence
of moisture and low-temperature requirements.
Eventually, excellent quality product is obtained. Qian et
al.,, 2016 stated that the preservation of valuable food
components can be effectively done by freeze-drying as
compared to other drying methods (Azeem ef al., 2025).

Besides the traditional methods of drying, new
and other hybrid drying methods are coming into focus
as they have better efficiency and quality of products.
Oven drying, freeze-drying is some of the techniques that
have been shown to improve moisture removal and
reduced thermal destruction of bioactive compounds that
are sensitive to heat (Magbool, et al., 2025). Such
techniques are done under controlled situations, which
lead to decrease in oxidation, retention of phenolics,
flavonoids, vitamins, and rehydration of dried jujube
products. Moreover, factors like temperature, air
velocity, pressure and drying period are very important
in maintaining color, texture, antioxidant activity and
preservation of ber fruit. Such high-level technologies of
drying can play a significant role in creating high-value,
shelf-stable jujube products with enhanced nutritional
and sensory quality that can be processed on a
commercial scale and be available all year round (Bao et
al., 2022).

Objective
The Current Study is planned:

To evaluate effect of oven-drying and freeze-
drying on anti-oxidant and total phenolic content of ber
(jujube) varieties; to develop and shelf-life study of
value-added product (dried berry cake)

METHODOLOGY

The current study was conducted in the research
laboratory of the Department of Food Science and
Technology, as well as the Post-harvest Lab at MNS-
University of Agriculture, Multan, Pakistan. Four ber
varieties i.e. Karela, Aakash, Pak White, Dil Bahar was
procured from farms of Jalalpur Peerwala. All required

chemicals and reagents were procured from Sigma
Aldrich.

Oven-Drying

Jujubes were oven-dried in a Hot-Air Oven at
70°C for 8 hours until the moisture content reached 18%
(Hammi et al., (2015). Following the drying process, the
dried fruit was analyzed to determine total phenolic
content and radical scavenging capacity using the DPPH
assay for a comparative evaluation of the ber varieties.

Freeze-Drying

Jujubes were subjected to freeze-drying in a
Standard Freeze dryer, model number SFDQ 1000 at a
temperature of -50°C for 48 hours until the moisture
content reached 0.2% (Wu et al., 2022). Jujubes were
freeze-dried by sublimation phenomena. After freeze-
drying procedure, dried fruit were subjected for
determination of total phenolic content and radical
scavenging capacity by DPPH assay for comparative
evaluation of ber varieties.

TPC and Antioxidant Activity of Fresh, Oven and
Freeze-Dried Ber

TPC and Total Anti-oxidant capacity were
measured from the pulp of ber fruit (Fresh, oven-dried
and freeze-dried) as stated by Gao ef al, (2012) and
Kassim et al., (2013). Samples were collected in
replicate and subjected to grinding for fine powder. Fine
powder was mixed in 2% ethanol and placed shaking
incubator for 24 hours. Later, supernatant was collected
and analyzed for anti-oxidant value by using DPPH
reagent and TPC content by using ELISA.

Selection of Best Drying Method

After the determination of the total phenolic
content and radical scavenging capacity of dried ber, the
best freeze-dried ber (Dil Bahar) was chosen for product
development.

Product Development

The freeze-dried berry/jujube cake was
prepared by the addition of freeze-dried jujube powder
as per treatment plan shown in Table 2 according to the
method described by Emamifar ez al., (2020) and Kim et
al., (2009) with some modifications (Table 1). All
ingredients were weighed accurately and subjected to
batter development. Dry ingredients including freeze-
dried jujube were mixed followed by shortening
preparation. Later, dry mixture was added in shortening
by dividing flour in three portions. Mixture was poured
in cake mold and baked for 25 minutes at 180°C. After
baking, cake was subjected to refrigeration conditions at
4°C (Figure 1).

Table 1: Ingredients for freeze dried berry (FDB) cake

Ingredients

Amount

All-purpose flour

250 g

Sugar

250 g

Butter

250 g

Egg

150g

Milk

25 ml

Baking powder

7g

Freeze-dried ber powder

As per treatment plan
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Table 2: Treatment plan for freeze-dried berry (FDB) cake

Treatment | FDB powder (%) | All-purpose flour (%)
To 0 100
T 5 95
T2 10 90
T3 15 85

S

Vo il

Ty (Controlled) FT, (5% FDB cake)

T, (10% FDB Cake) T, (15% FDB cake)

Figure 1: Development of freeze-dried ber cakes at various concentration

Sensory Evaluation of the Product

The prepared cakes were evaluated by 10
judges (trained) at Sensory Evaluation Lab, MNS-
University of Agriculture, Multan. The panelists used a
hedonic scale, where a score of 9 indicated "extremely
like" and 1 indicated "extremely dislike," to assess the
cakes. Sensory evaluation was carried out to assess
quality characteristics such as texture, color, taste,
aroma, and overall acceptability, following the
methodology outlined by Gharavi et al., (2022) and
Wichchukit and O'Mahony (2015).

Chemical and Physical Analysis of Freeze-Dried
Berry Cake

The prepared cakes were placed in refrigerator
and analyzed for total phenolic content (TPC), DPPH,
hardness and color (L*, a*, b*) at 0, 7" and 14 day of
storage.

Determination of Color

The prepared cake's color was analyzed using a digital
chroma meter, following the protocols outlined by Kara
et al., (2005).

Determination of Hardness

The textural study of the prepared cake was
conducted to measure hardness, following the procedure
described by Hosseini et al., (2019). The textural
properties were assessed using a texture analyzer (Model
TA-XT2i, Stable Micro Systems, Haslemere, U.K.)

Statistical Analysis

The resulted data were statistically analyzed by
using Two Factor Factorial according to the procedure
described by Montgomery (2019).

RESULTS AND DISCUSSION
Effect of Oven-Drying and Freeze-Drying on TPC of
Ber

Fresh jujube varieties were subjected to oven-
drying and freeze-drying. Results of TPC content for
fresh, oven and freeze dried jujubes are shown in shown
in Table 3. The present findings were matched with Woo
and Ahn (2004) that showed decreased TPC content on
oven-drying. Arslan et al., (2021) also studied effect of
various drying methods on jujubes. Results stated that
phenolic compounds show decreasing behavior in dried
jujube as compared to fresh jujubes. The reason is that
oven drying degrades several phenolic compounds on
heating ultimately reducing the phenolic content of
jujubes. In the freeze-drying phenomenon, TPC content
was significantly increased in jujube varieties. Pu et al.,
(2018) also observed maximum phenolic content in
freeze-dried cv. Dil Bahar. The reason is that freeze-
drying do not destroy nutrients of fruit due to absence of
heating.

Effect of Oven-Drying and Freeze-Drying on DPPH

Current findings were in collaboration with
Sapkota et al., (2023) which showed decreased DPPH
value in oven-dried jujubes. In freeze-dried jujubes, the
highest DPPH value was observed in the Dil Bahar
variety, while the lowest was found in the Pak White
variety. The reason is that eat assisted drying caused anti-
oxidant compounds to be destroyed that results in
lowering of anti-oxidant activity in fruits. Moreover,
freeze-drying is considered as safe as it does not cause
harm to the nutrients.
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Table 3: Effect of oven and freeze-drying on TPC (mgGAE/100g)

TPC=Total Phenolic Content

Treatment Karela Aakash Pak White | Dil Bahar

Control 87.23+0.02 | 69.35+0.02 | 101.24+0.02 | 144.38+0.02

Oven-drying | 72.18+0.03 | 61.57+0.03 | 88.36+0.03 122.57+0.03

Freeze-drying | 91.55+0.02 | 74.25+0.04 | 105.24+0.04 | 153.65+0.03
Mean+SD

Table 4: Effect of oven-drying and freeze-drying on DPPH (%)

Treatment Karela Aakash Pak White | Dil Bahar

Control 28.00+0.02 | 18.00+£0.02 | 13.00+0.02 | 39.00+0.02

Oven-drying | 22.23+0.03 | 12.26+0.02 | 9.09+0.02 | 33.90+0.03

Freeze-drying | 26.44+0.03 | 17.74+0.02 | 12.59+0.04 | 37.14+0.03
Mean=SD (p<0.05)

Sensory Evaluation of Freeze-Dried Berry Cake
Freeze-dried Dil Bahar variety was chosen for
value-added product development ie. Freeze-dried
jujube cake as the highest TPC and DPPH value was
observed. Sensory evaluation of four treatments i.e
Controlled (To), T1(5% freeze-dried jujube powder), T»
(10% freeze-dried jujube powder), T3 (15% freeze-dried
jujube powder) was done by following a 9-point hedonic
scale that involves color, flavor, aroma, texture and

overall acceptability as quality parameters as shown in
Figure 2. Present results were in corroboration with
Krska and Mishra (2008) and Antonio er al., (2005)
which showed maximum texture score when jujube
powder was used @3%. Saadoudi et al., (2017) also
observed maximum overall acceptability score of freeze-
dried jujube-based biscuits. The reason may be due to
uniform appearance of biscuits throughout storage
period.

Overall A cceptibility

_TO —'I1

T, =—T:

Fig. 2: Sensory evaluation of freeze-dried berry cake (p<0.05)

Storage Stability of Freeze-Dried Berry Cake (FDB)
Effect of Storage and Treatment on Total Phenolic
Content of FDB

Total phenolic content in freeze-dried jujube
cake indicated that on the 0™ day, maximum total
phenolic content was observed in T3 (15% freeze-dried
jujube powder) whereas lowest total phenolic content
was observed in Ty (Control) followed by T1(5% freeze-
dried jujube powder) as shown in Figure 3. On the 14%
day of storage, the maximum total phenolic content was
analyzed in T; (32.67+0.02) while the lowest was
observed in Ty (7.1340.02) followed by T, (11.26+0.02.)

The current study was matched with findings of
Binczak and Samotyia (2018) that showed an increased

total phenolic content in walnut cake with the passage of
time. The reason is that jujube fruit contains considerable
amounts of phenolic that resulted in increased total
phenolic content in jujube cake. Moreover, freeze-dried
jujube powder retains the maximum amount of total
phenolic content as compared to jujube powder dried
from other technique including sun drying and oven-
drying. The reason for decreased total phenolic content
is due to degradation of phenolic compounds at high
temperatures. Moreover, phenolic compounds have
ability to take part in Maillard reaction that ultimately
results in decreased level of total phenolic content
(Elaloui et al., (2023).
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Fig. 3: Combined effect of treatment and storage on TPC of FDB cake (p<0.05)

Effect of Treatment on DPPH of FDB Cake

The results indicated a highly significant value
(p<0.01) for TO on the 0, 7 and 14" day, as illustrated
in Figure 4. Moreover, the effect of treatment on the
storage of freeze-dried cake showed highly significant
values of T; on the 0" day. Current results were in
collaboration with Lin et al., (2020) which showed

decrease in DPPH value in cake. The reason is that
phenolics are sensitive to heat. When temperature rises,
structure of phenolics changes that ultimately results in
decrease in DPPH value. Moreover, various anti-
oxidants start evaporating due to onset of high
temperature (Zozio et al., (2014).

70.00
60.00
50.00

DPPH (%)

0.00
-10.00 °

52[56
4814
42732
40.00
30[47
2000 28355156
18[07

20.00 16]061 4721
10.00 5E3 4ﬁ5 3f3

L 1 L

T T, T: T

Treatments and storage

m(0day m7thday ml14thday

Fig. 4: Combined effect of treatment and storage on DPPH of FDB cake (p<0.01)

Effect of Treatment on the Hardness of FDB Cake

The hardness of freeze-dried jujube cake was
analyzed on the 0%, 7" and 14" day of storage. The
lowest hardness value was observed on the Oth day while
the highest was observed on the 14™ day as shown in
Figure 5.

Current results were in collaboration with Polak
et al., (2019) which showed a similar trend of increase in

hardness as storage time increased. The increased
hardness may be due to the loss of moisture in the cake
with the passage of time and the increased percentage of
dried jujube powder that results in increased product
hardness. The primary reason is due to recrystallization
of gelatinized starch granules, majorly amylopectin. It
ultimately strengthens the crumb structure. Moreover,
crystallization of fat particles results in hardening of cake
crumb (Pancharoen et al., (2019).

12.00
10.00

Hardness (N)

0.00

001 846887
8.00 6.03 6 7725
40378
6.00 385435401 4.76
4.00
2.00
To T T» Ts

Treatments and storage
m(0day m7thday m14th day

Fig. 5: Combined effect of treatment and storage on hardness (N) of FDB cake (p<0.05)
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Effect of Treatment and Storage on the Color of FDB
cCake (crumb)
L* Value

Current results showed highly significant
values with respect to storage and treatment as shown in
Figure 6. Results obtained were in collaboration with
Slade et al., (2021) which showed similar trend of
decrease in L* value when storage time was increased.
Moreover, the L* value decreased when the percentage
of treatment was increased. Reason for the decreased L*
value may be due to addition of dried jujube powder that
contain various phenolic compounds that cause reduced
lightness in the product. Moreover, various pigments
contribute to the lower L* value of the cake. During
baking, sugars react with proteins that results in
development of melanoidins. These brown colored
melanoidins cause reduction in lightness of cake crumb.
Moreover, sugar caramelization also leads to browning
(Alietal., 2023).

a* Value

At Oday, a* value of treatment Ty, T1, T» and T3
was measured as 8.85+ 0.02, 4.32+0.02, 6.33+0.02 and
7.41£0.02 respectively as shown in Figure 7. In T, the
Highest a* value was observed on the 0" day while the
lowest was observed on the 14" day of storage. On the
7t day of storage, a* value of T, T, T2 and T; of cake
crumb was analyzed as 1.14+0.02, 2.84+0.02, 4.98+0.01
and 6.77+0.02 respectively. The highest a* value was
observed on the 0" day in T, while the lowest was
analyzed on the 14" day of storage. At 14" day of
storage, a* value of treatment To, T, T» and T3 was
identified as 0.54+0.02, 1.98+0.03, 3.25+0.02 and

5.95+0.02 respectively. The maximum value was seen on
0™ day while lower value was analyzed at the 14" day.

The results demonstrated highly significant
values (P<0.01) for the effect of treatment on storage.
Current finding was matched with Wojdylo ef al., (2009)
that showed similar trend of decreased a wvalue.
Furthermore, the value increased when the treatment
percentage was increased. Reason for decreased value is
due to caramelization of sugars during baking (Amani et
al., 2022).

b* Value

At 0" day, b* value in treatment Ty, Ty, T» and
Ts was measured as 25.14+0.02, 8.91+0.02, 7.23+0.02
and 7.54+0.02 respectively as shown in Figure 8. The
highest b* value was noted on the 0" day while the
lowest was observed on the 14% day. At 7% day of
storage, b* value of Ty, T1, T and T3 was observed as
24.67+0.02, 8.70+0.02, 7.054+0.02 and 6.84+0.02. On the
14th day of storage, the highest b* value was noted on
the 0" day while the lowest was observed on the 14 day.

Current results showed highly significant
values (P<0.01) at the combined effect of treatment and
storage. Results were in collaboration with Park ef al.,
(2008) that showed decreased b* value when storage
time was increased. Moreover, when the treatment
percentage was increased, the b* value decreased. The
reason for decreased b* value may be due to the presence
of several pigmented compounds that contribute toward
color development. Heat intensifies these pigments that
results in brown color development (Ertas, 2021).

100.00

80.00

60.00

L*value

78]0778 46??}12
42[3142[6741795
o 347433 1232{83 317113040573
20.00 T
0.00
To T b "

Treatments and storage
=0 day m 7th day

14th day

Fig. 6: Combined effect of treatment and storage on L* value of FDB cake crumb (p<0.01)
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Fig. 7: Combined effect of treatment and storage on a* value of FDB cake crumb (p<0.01)

35.00

25[14 24 6?E|3ﬂ
ﬁ ﬁ Trs i i T
< . T:

Treatment and storage
u0day mTthday ®1l4thday

Fig. 8: Combined effect of treatment and storage on b* value of cake crumb (p<0.05)

Effect of Treatment and Storage on Color of FDB
Cake (Crust)
L* Value

On the 0" day, the L* value of cake crust in
treatments Ty, Ti, T» and T; were identified as
40.274£0.02, 35.36+0.03, 27.63+0.02 and 24.36+0.03
respectively. On the 7 day of storage, a higher L* value
was noticed at To while the lowest was observed at Ts. At
14" day of storage, L* value of Ty, Ti, T» and Ts was
identified as 31.24+0.03, 26.06+£0.02, 21.26+0.02 and
17.47+0.02.

Results obtained are highly significant
(P<0.01) on the interactive effects of treatment and
storage as shown in Fig. 9. Current findings were
matched with Agrahar e al., (2016) which showed a
similar trend of decreased L* value when the treatment
percentage was increased. The reason for decreased L*
value is due to caramelization of sugars.

a* Value

At 0% day, a* value of Ty, Ti, T, and T3 was
analyzed as 16.21£0.02, 10.25+0.03, 9.13+£0.01 and
8.96+0.02. A higher a* value was determined at T while
a lower was noticed at Ts. On the 7% day, a higher a*
value was measured at T, while a lower one was
measured at Ts. At 14 day, a* value of Ty, Ti, T2 and T

was measured as 13.15+0.03, 8.55+0.02, 7.87+0.02 and
6.36+0.03 respectively.

Results demonstrated a highly significant value
(»<0.01) on the interactive effect of treatment with
storage as shown in Fig. 10. Current findings were in
collaboration with Botosoa et al., (2013) that showed
same trend of decreased a* value when storage time was
increased. The primary reason for decreased a* value is
due to degradation of carotenoids at higher temperatures.

b* Value

On the 0™ day, a higher b* value was observed
in TO while a lower was noted in T3. At 7" day of storage,
value of b* was noted as 18.75+0.02, 10.46+0.02,
9.41+0.02 and 8.67+0.02 in treatment To, T, T, and T3
as shown in Fig. 11. A higher b* value was identified in
To while a lower was noted in Ts. At 14" day of storage,
value of b* was measured as 17.64+0.02, 9.83+0.02,
8.07+0.02 and 7.77+0.02 in treatment Ty, T1, T2 and Ts.
Results indicated a highly significant (P<0.01) effect
between the interactive effect of storage and treatment.

The current finding was in collaboration with
Mau et al., (2017) which showed the same trend of
decreasing b* value when the storage time of the cake
was increased. Moreover, the same trend of reduced b*
value was noticed when the treatment percentage was
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increased. The reason may be due to degradation of
pigment compounds during storage.

50.00
3536
31_24 3114
35 30,00
tt!
=
%, 20.00
10.00

27 32 3
21.26

m0day ® %ﬁtﬁéent an&%oa’a§e

iszis

Fig. 9: Combined effect of treatment and storage on L* value of DDB cake crust (p<0.01)
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% 8.00 636
6.00
4.00
2.00
0.00
To Ts T: Ts
Storage and treatment
m0day m7thday m14thday
Fig. 10: Combined effect of treatment and storage on a* value of FDB cake crust (p<0.01)
25.00
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20.00 18775 15
o
= 15.00 11364
= 937 g57 777
% 10.00
5.00
0.00
Storage and treatment
m(0day ®7thday ml14thday
Fig. 11: Combined effect of treatment and storage on b* value of FDB cake crust (p<0.01)
CONCLUSION 15%) statistically increased the total phenolic content,

The research study has been carried out to give
empirical data in favor of freeze drying as a better
preservation method with regard to enhancing the
functional properties of ber (jujube) and incorporating
the same product into baked products. Among the
varieties analyzed, the most pronounced retention of total
phenolic content (153.65+0.03mg GAE/100g) and
antioxidant activity (37.14 + 0.03% DPPH inhibition).

The subsequent value-added freeze-dried jujube
cake products were found to be statistically significant
(p <0.05) with regard to the functional characteristics
wherein the incorporations of jujube powder (5%, 10%,

antioxidative capacity, and hardness of the texture.
However, fourteen days of refrigerated shelf-life
evaluation showed a steady decline of these beneficial
properties along with chromatic values (L*, a*, b*) with
time. The simultaneous increase in the hardness and
color darkening of crumb and crust may be attributed to
the movement of moisture, starch retrogradation and
continuous Maillard reaction during storage.

The overall acceptability of the fortified cakes
was supported by sensory analysis, hence a good
direction of consumer acceptance. To conclude, freeze-
dried jujube powder can be used as an effective
functional ingredient in the development of nutritionally-
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enriched baked products with better antioxidant
properties. Despite the fact that storage results into
measurable changes to the quality attributes, the product
remains stable and acceptable in a period of two weeks.
The current research provides a realistic model of
valuing seasonable and perishable food products like
jujube, reduction of post-harvest losses, and the
provision of the food industry with a practical path,
towards shelf-stable, health-conscious snack products.
The future research must focus on the optimization of
packaging mechanisms and incorporation of natural
preservatives to extend the shelf life and further protect
bioactive compounds in the end product.

Declaration of Competing Interest: The authors
declare that they have no conflicts of interest

Acknowledgment

This work is supported by the post-harvest lab
of Horticulture, Sensory Evaluation Lab and Food
Analysis and Value-Addition Lab of MNS- University of
Agriculture, Multan.

REFERENCES

e  Agrahar-Murugkar, D., Zaidi, A., Kotwaliwale, N.,
& Gupta, C. (2016). Effect of egg-replacer and
composite flour on physical properties, color,
texture and rheology, nutritional and sensory profile
of cakes. Journal of food quality, 39(5), 425-435.

e Ali, U, Chaudhary, E., Kaur, S., Sharma, A., Yadav,
M., Kumari, A., ... & Garg, M. (2023). Evaluation
of anthocyanin rich color wheat lines (black, blue,
purple) for their cake making quality. Journal of
Cereal Science, 113, 103757.

e Amani, H., Baranyai, L., Badak-Kerti, K., &
Mousavi Khaneghah, A. (2022). Influence of baking
temperature and formulation on physical, sensorial,
and morphological properties of pogacsa cake: An
image analysis study. Foods, 11(3), 321.

e Arslan, M., Zareef, M., Tahir, H. E., Ali, S.,
Xiaowei, H., Rakha, A., ... & Xiaobo, Z. (2021).
Comparative analyses of phenolic compounds and
antioxidant properties of Chinese jujube as affected
by geographical region and drying methods (Puff-
drying and  convective  hot  air-drying
systems). Journal of Food Measurement and
Characterization, 15(1), 933-943.

e Asami, D. K., Hong, Y. J., Barrett, D. M., &
Mitchell, A. E. (2003). Comparison of the total
phenolic and ascorbic acid content of freeze-dried
and air-dried marionberry, strawberry, and corn
grown using conventional, organic, and sustainable
agricultural practices. Journal of agricultural and
food chemistry, 51(5), 1237-1241.

e Azeem, M., Saleh, M., Tauqir, A., Waqas, M.,
Arshad, F., Fayyaz, H. M., & Khan, F. (2025).
Revolutionizing Food Product Development: Use of
Al in Product Formulation, Sensory Prediction &
Sustainable Scaling. Sch Acad J Biosci, 7, 908-916.

e Bao, T., Hao, X., Shishir, M. R. I., Karim, N., &
Chen, W. (2022). Green alternative methods for
pretreatment of whole jujube before the drying
process. Journal of the Science of Food and
Agriculture, 102(3), 1030-1039.

e Binczak, O., & Samotyja, U. (2018). Effect of Long-
Term Storage on Antioxidant Activity of Walnut
Cake. Towaroznawcze Problemy Jakosci, (2), 59-
67.

e Botosoa, E. P., Chéne, C., & Karoui, R. (2013).
Monitoring changes in sponge cakes during aging by
front face fluorescence spectroscopy and
instrumental techniques. Journal of agricultural and
food chemistry, 61(11), 2687-2695.

e Elaloui, M., Ammari, Y., Ghazghazi, H., Gorrab, A.
E. B. O., Laamouri, A., & Driouich Chaouachi, R.
(2023). Effect on Ziziphus jujuba Mill. fruit powders
embedded on  physicochemical properties,
biological activities, and rheologic quality of
cake. Food Science & Nutrition, 11(6), 2942-2955.

e Emamifar, A., Zanganeh, Z., Latifian, M., & Arbab,
Z. (2020). Physicochemical, textural and sensory
properties of containing jujube cake. Journal of food
science and technology (Iran), 17(103), 33-46.

e Ertas, N. (2021). Improving the cake quality by
using red kidney bean applied different traditional
processing methods. Journal of Food Processing
and Preservation, 45(6), €15527.

e Gao, Q. H., Wu, C. S., Wang, M., Xu, B. N., & Du,
L. J. (2012). Effect of drying of jujubes (Ziziphus
jujuba Mill.) on the contents of sugars, organic
acids, a-tocopherol, B-carotene, and phenolic
compounds. Journal of agricultural and food
chemistry, 60(38), 9642-9648.

e  Gharavi, H.,, DAVOODI, M., & Ghavidel, R. A.
(2022).  Investigation in  physicochemical
characteristics of jujube (Ziziphus jujuba Mill.)
extract cake. Acta agriculturae Slovenica, 118(1),
1-9.

e Hammi, K. M., Jdey, A., Abdelly, C., Majdoub, H.,
& Ksouri, R. (2015). Optimization of ultrasound-
assisted extraction of antioxidant compounds from
Tunisian Zizyphus lotus fruits using response
surface methodology. Food chemistry, 184, 80-89.

e Hosseini, H., Bolourian, S., & Shahidi, F. (2019).
Extending the shelf-life of sponge cake by an
optimized level of jujube fruit flour determined
using custom mixture design. British Food
Journal, 121(12), 3208-3232.

e Kara, M., Sivri, D., & Koksel, H. (2005). Effects of
high protease-activity flours and commercial
proteases on cookie quality. Food Research
International, 38(5), 479-486.

e Kassim, N. K., Rahmani, M., Ismail, A., Sukari, M.
A., Ee, G. C. L., Nasir, N. M., & Awang, K. (2013).
Antioxidant activity-guided separation of coumarins
and lignan from Melicope glabra (Rutaceae). Food
Chemistry, 139(1-4), 87-92.

I © 2025 Scholars Academic Journal of Biosciences | Published by SAS Publishers, India 1653




Misbah Sharif et al, Sch Acad J Biosci, Dec, 2025; 13(12): 1645-1655

Kim, K. H., Hwang, H. R., Yun, M. H., Jo, J. E,,
Kim, M. S., & Yook, H. S. (2009). Quality
characteristics of pound cakes prepared with
flowering cherry (Prunus serrulata L. var. spontanea
Max. wils.) fruit powder during storage. Journal of
The Korean Society of Food Science and
Nutrition, 38(7).

Krska, B., & Mishra, S. (2008, September). Sensory
evaluation of different products of Ziziphus jujuba
Mill. In [ International Jujube Symposium 840 (pp.
557-562).

Lin, Y. S, Lin, W. S., Tung, J. W., Cheng, Y. C,,
Chang, M. Y., Chen, C. Y., & Huang, S. L. (2020).
Antioxidant capacities of jujube fruit seeds and peel
pulp. Applied Sciences, 10(17), 6007.

Magbool, H., Ali, M., Abid, M., Batool, F., Azeem,
M., Noor, M., & Aslam, M. (2025). EGCG from
Green Tea Extract for NAFLD and Metabolic
Disorders: A Systematic Review for Therapeutic
Efficacy of EGCG. Sch Acad J Biosci, 12, 1610-
1623.

Mau, J. L., Lee, C. C., Chen, Y. P.,, & Lin, S. D.
(2017). Physicochemical, antioxidant and sensory
characteristics of chiffon cake prepared with black
rice as replacement for wheat flour. Lwt, 75, 434-
439.

Montgomery, Douglas C. Introduction to statistical
quality control. John Wiley & sons, 2019.
Mugaddas, Mengaya, L., Ahmed, M. M., Hamid, S.
M., Yanju, X., Asim, M., & Yunfeng, P. (2025).
Postharvest handling and storage strategies for
preserving jujube (Ziziphus jujuba mill.) fruit
quality: A review. Foods, 14(19), 3370.

Najjaa, H., Ben Arfa, A., Elfalleh, W., Zouari, N., &
Neffati, M. (2020). Jujube (Zizyphus lotus L.):
Benefits and its effects on functional and sensory
properties of sponge cake. PloS one, 15(2),
€0227996.

Pancharoen, S., Leelawat, B., & Vattanakul, S.
(2019). Using texture properties for clustering butter
cake from various ratios of ingredient
combination. Journal of Food Measurement and
Characterization, 13(1), 34-42.

Park, Y. S., Shin, S., & Shin, G. M. (2008). Quality
characteristics of pound cake with citrus mandarin
powder during storage. Journal of the East Asian
Society of Dietary Life, 18(6), 1022-1031.

Piga, A., Catzeddu, P., Farris, S., Roggio, T.,
Sanguinetti, A., & Scano, E. (2005). Texture
evolution of  “Amaretti” cookies  during
storage. European Food Research and
Technology, 221(3), 387-391.

Polak, A., Coutts, F. K., Murray, P., & Marshall, S.
(2019). Use of hyperspectral imaging for cake
moisture and hardness prediction. IET Image
Processing, 13(7), 1152-1160.

Pu, Y., Ding, T., Wang, W., Xiang, Y., Ye, X., Li,
M., & Liu, D. (2018). Effect of harvest, drying and
storage on the bitterness, moisture, sugars, free

amino acids and phenolic compounds of jujube fruit
(Zizyphus jujuba cv. Junzao). Journal of the Science
of Food and Agriculture, 98(2), 628-634.

e Qian, J., Zhang, Q., Wang, J., Fang, X., Zhang, W.,
Gao, Z., ... & Xiao, H. (2016). Effects of three
drying technologies on drying characteristics and
quality attributes of jujube crisps. Transactions of
the Chinese Society of  Agricultural
Engineering, 32(17), 259-265.

e Saadoudi, M., Hambaba, L., Abdeddaim, M.,
Lekbir, A., Bacha, A., Boudraa, S., & Zidani, S.
(2017). Nutritional composition, physical properties
and sensory evaluation of biscuit produced from
jujubes (fruits of Zizyphus lotus L.). Food Science
and Technology, 18(3), 385-401.

e Sapkota, G., Delgado, E., VanLeeuwen, D.,
Holguin, F. O., Flores, N., & Yao, S. (2023).
Preservation of phenols, antioxidant activity, and
cyclic adenosine monophosphate in jujube
(Ziziphus jujuba Mill.) fruits with different drying
methods. Plants, 12(9), 1804.

e Slade, L., Kweon, M., & Levine, H. (2021).
Exploration of the functionality of sugars in cake-
baking, and effects on cake quality. Critical Reviews
in Food Science and Nutrition, 61(2), 283-311.

e Wan,Z.,Ii,Z., Zhao, D., Liu, Y., Zhang, Z., & Hao,
J. (2025). Study on the quality characteristics of
jujube slices under different pretreatment and drying
methods. Ultrasonics Sonochemistry, 115, 107305.

e  Wichchukit, S., & O'Mahony, M. (2015). The 9-
point hedonic scale and hedonic ranking in food
science: some reappraisals and alternatives. Journal
of the Science of Food and Agriculture, 95(11),
2167-2178.

e  Wojdyto, A., Figiel, A., & Oszmianski, J. (2009).
Effect of drying methods with the application of
vacuum microwaves on the bioactive compounds,
color, and antioxidant activity of strawberry
fruits. Journal  of  agricultural and  food
chemistry, 57(4), 1337-1343.

e  Wojdyto, A., Lech, K., Nowicka, P., Hernandez, F.,
Figiel, A., & Carbonell-Barrachina, A. A. (2019).
Influence of different drying techniques on phenolic
compounds, antioxidant capacity and colour of
Ziziphus jujube Mill. Fruits. Molecules, 24(13),
2361.

e  Woo,N.R. Y., & Ahn, M. S. (2004). The study on
the quality characteristics of cake prepared with fat
substitute. Journal of the Korean Society of Food
Culture, 19(5), 506-515.

e Wu,B., Qiu, C, Guo, Y., Zhang, C., Li, D., Gao, K.,
... & Ma, H. (2022). Comparative evaluation of
physicochemical properties, microstructure, and
antioxidant activity of jujube polysaccharides
subjected to hot air, infrared, radio frequency, and
freeze drying. Agriculture, 12(10), 1606.

e Xiao,H. W, Bai, J. W, Xie, L., Sun, D. W., & Gao,
Z. J. (2015). Thin-layer air impingement drying
enhances drying rate of American ginseng (Panax
quinquefolium L.) slices with quality attributes

I © 2025 Scholars Academic Journal of Biosciences | Published by SAS Publishers, India | 1654




Misbah Sharif et al, Sch Acad J Biosci, Dec, 2025; 13(12): 1645-1655

considered. Food and Bioproducts Processing, 94, ripening of jujube (Ziziphus  mauritiana
581-591. Lamk). Food Chemistry, 150, 448-456.

Zozio, S., Servent, A., Cazal, G., Mbéguié-A-

Mbégui¢, D., Ravion, S., Pallet, D., & Abel, H.

(2014). Changes in antioxidant activity during the

© 2025 Scholars Academic Journal of Biosciences | Published by SAS Publishers, India 1655




