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1  | INTRODUC TION

The demand for value- added dairy products is ever- growing, where 
consumers are seeking various functional and bioactive properties. 
As an attempt, diversification of cream cheese with several herbs and 
spices has been practiced. Cream cheese is a soft and white- colored 

cheese with a subtle and sweet flavor. Often, it is used as a spread 
(e.g., for bread, bagels, and crackers) and a dip (e.g., for potato chips) 
and used as an ingredient in many food applications (Sainani et al., 
2004). Cream cheese is mainly acidified with mesophilic lactic acid 
starter cultures consist of Lactococcus spp. and Leuconostoc spp. 
while rennet is commonly used as the coagulant (Phadungath, 2005). 
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Abstract
We aimed to investigate the effects of dried curry leaves powder (CLP) incorporation 
on physicochemical, microbiological, antioxidant, and sensory properties of cream 
cheeses. Varying levels of CLP infusions (i.e., T1: 0% [control], T2: 0.15%, T3: 0.2%, 
and T4: 0.25%; w/w%) were stored for 10 days at 4°C. Antioxidant properties were 
evaluated using total phenolic content, 1,1- diphenyl- 2- picryl- hydrazyl (DPPH) radical 
scavenging ability, and ferric reducing antioxidant power using in vitro assays. Total 
antioxidant capacity significantly (p < .05) increased with the increasing levels of CLP. 
Physicochemical and microbiological qualities were not significantly affected by the 
addition of CLP, indicating the suitability of using CLP without compromising the 
quality of cream cheese. Organoleptic properties were affected with CLP addition, 
where T3 had the highest scores for color, aroma, flavor, texture, and overall accept-
ability. The principal component analysis provides the holistic approach of study-
ing the variation associated with cream cheeses and the overall relationship among 
studied parameters. This provides strong references for novel dairy products added 
with antioxidant- rich Murraya koenigii L. powder. The study also has merits to pro-
mote scientific knowledge concerning, and how the incorporation would influence 
the physicochemical, organoleptic, and microbiological properties of cream cheese to 
deliver the value- added or diversified product to emerging consumers.
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According to the U.S Food and Drug Administration (2019), cream 
cheese must have a minimum milk fat content of 33% and maximum 
moisture content of 55% by weight. Dairy products that contain high 
amounts of polyunsaturated fatty acids are easily oxidized by mo-
lecular oxygen as the storage period lengthens. It causes unfavor-
able changes such as loss of flavor, loss of color, and accumulation of 
compounds that are detrimental to the health of the consumers (Gad 
& Sayd, 2015). At present, dairy producers tend to add various types 
of synthetic antioxidants (i.e., propyl gallate, butylated hydroxy-
anisole, and butylated hydroxytoluene, etc.) to prolong the shelf life 
of various processed dairy products (Safriani et al., 2011). There is a 
trend among modern consumers to purchase food commodities sup-
plemented with natural compounds other than synthetic substances 
(Kitts & Tomiuk, 2013), thus creating a need for developing products 
with natural compounds by replacing the use of artificial additives. 
Natural antioxidants such as ascorbic acids, lycopene, and tocoph-
erols and some flavonoids are preferred to be added into foods and 
they strengthen the activity of endogenous antioxidant systems thus 
providing elevated protection against antioxidant stress (Valenzuela 
et al., 2003). Substances of plant origin have been traditionally used 
in cheese making, either to add aromatic properties or to provide 
technological auxiliaries such as milk- clotting enzymes or cheese 
wrappers. Some of these plants (i.e., rosemary, thyme, olive essential 
oil, etc.) are known to have antimicrobial and antioxidant properties 
and also act as natural preservatives for raw milk and milk- derived 
products (Dupas et al., 2020).

Murraya koenigii L. which belongs to Rutaceae family is com-
monly identified as curry leaves. It has wide popularity in Asian 
countries for its aroma and medicinal properties (Bhandari, 2012; 
Handral et al., 2012). The leaves of Murraya koenigii L. are a rich 
source of protein, dietary fiber, iron, calcium, β- carotene, and anti-
oxidants (Drisya et al., 2015). A study by Khan et al. (1997) showed 
that Murraya koenigii L. and Brassica juncea spices alter the perox-
idation level to a beneficial extent in rats fed with a high- fat diet. 
Phenolic- rich benzene fraction of Murraya koenigii L. has exhib-
ited promising and broad- spectrum antioxidant and antimutagenic 
properties in previous studies (Sasidharan & Menon, 2010; Zahin 
et al., 2013). Given the potentials of antioxidant and antimicrobial ac-
tivities of Murraya koenigii L., it is not known how exactly those prop-
erties are exhibiting when Murraya koenigii L. is incorporated into 
dairy matrixes. Therefore, the objective of the current study was to 
evaluate the physicochemical, microbiological, sensory quality, and 
antioxidant capacity of fresh cream cheese incorporated with dried 
Murraya koenigii L. powder to assess the potentials in developing a 
functional food.

2  | MATERIAL S AND METHODS

2.1 | Preparation of dried curry leaves powder

Fresh curry leaves were collected from the Matale area, Sri Lanka. 
Plants were botanically verified as Murraya koenigii (L.) Spreng by 

National Herbarium, Department of National Botanical Gardens, 
Peradeniya, Sri Lanka. The dried curry leaf powder was prepared 
according to the following method (Mishra et al., 2012) with few 
modifications. In brief, curry leaves were soaked in 1% saline so-
lution (NaCl) for 10 min and subsequently washed twice with dis-
tilled water. Cleaned leaves were dried under direct sunlight for 
5– 6 h. Dried curry leaves were powdered using Super Mixer Grinder 
(National MX- 119N) and sieved through a 100- µm sieve and stored 
in airtight containers until further use.

2.2 | Preparation of cream cheese

Cream cheese was prepared in triplicate according to a modified 
method (Enwa et al., 2013). Fresh cow milk was strained and stand-
ardized for the final fat content of 3.5%. Milk base was pasteur-
ized at 63– 68°C for 30 min followed by cooling down to 30– 32°C. 
Subsequently, 0.075% w/v mesophilic starter culture (CHN- 22, Chr. 
Hansen) with the composition of Lactococcus lactis subsp. cremoris, 
Leuconostoc, Lactococcus lactis subsp. lactis, and Lactococcus lactis 
subsp. lactis biovar diacetylactis was added along with 0.05% w/v 
fermentation- produced bovine calf chymosin (chymosin 100%, 650 
International Milk- Clotting Units per gram (IMCU/g); CHY- MAX). 
The milk base was then incubated for 40– 45 min until milk curd was 
formed. Curd was cut with a pasteurized spatula and whey was left 
to drain through cheese clothes for 1 h. Salt (2% w/w maximum) 
and different levels of CLP were added making four types of cream 
cheeses (i.e., T1 = 0% CLP (control), T2 = 0.15% CLP, T3 = 0.2% CLP, 
and T4 = 0.25% CLP, w/w) and mixed well using a food processor 
(Jaipan Family Mate). Processed cream cheese samples were stored 
in sterilized airtight containers at 4°C until further analyses.

To determine the appropriate levels of CLP incorporation, a 
preliminary sensory evaluation was performed using 30 untrained 
panelists with a 5- point hedonic scale. Initially, we tested the pos-
sibilities of including four levels of CLP inclusions (i.e., 0.2%, 0.4%, 
0.6%, and 0.8% (w/w) into cream cheese and determined that the 
0.2% (w/w) CLP inclusion level was best preferred by the panelists 
(data not shown). Because of better organoleptic quality as revealed 
from the preliminary sensory evaluation, we opted for the 0.2% 
(w/w) level of inclusion for further investigations and changed the 
level of inclusion slightly around this level to find the best possible 
level of incorporation in the present study.

2.3 | Physicochemical properties

2.3.1 | pH and titratable acidity

Cream cheese pH was measured using a pH meter (SensION) dur-
ing the storage period of 10 days. Briefly, a slurry was created with 
cheese: distilled water in a 1:1 ratio at 20°C and the pH of the sus-
pension was measured with the standard laboratory electrode- based 
pH meter in triplicates (Burdikova et al., 2015). Titratable acidity was 



5776  |     WERAGAMA Et Al.

measured according to the method described by with few modifi-
cations suggested by Jayarathna et al. (2020). In brief, the filtrates 
of cream cheese were titrated against 0.1% NaOH in the presence 
of phenolphthalein indicator until a persistent pale pink color was 
observed. Titratable acidity was calculated based on the lactic acid 
percentage using Equation (1). 

2.3.2 | Syneresis

Five grams (5 g) of cream cheese was measured into an enclosed 
tube and centrifuged for 30 min at 986 × g, at 20°C. The yield of 
whey was calculated according to Equation (2) as the percentage 
of weight drained from each sample after centrifugation (Cadavid 
et al., 2019; Jayarathna et al., 2020) using the averages of triplicates. 

2.3.3 | Moisture, total solids, and crude fat content

Moisture and total solids content of cream cheese were determined 
according to the methods described by Bradley (2010) and Regu 
et al. (2016), respectively, on triplicated cheeses. Crude fat content 
was determined by the Soxhlet extraction method as described by 
Min and Ellefson (2010), with certain modifications such as extract-
ing samples for 10 h with petroleum ether.

2.4 | Microbiological analysis

Total viable aerobic counts, coliform counts, and yeast and mold 
counts of cream cheese were evaluated throughout the entire storage 
period at day 1, day 5, and day 10 based on triplicates. A serial dilu-
tion of cream cheese was prepared using 0.1% peptone (CDH) solu-
tion, and diluted samples were plated using the spread plate technique. 
Plate count agar (Biolab) and coliform count agar (Oxoid CM0007, 
MacConkey Agar) were used for the enumeration of total bacterial 
load and E. coli and other coliform bacteria, respectively, at 37°C for 
24 h. For the enumeration of yeast and mold counts, potato dextrose 
agar (Biolab) was used while plates were incubated at 30°C for 72 h.

2.5 | Antioxidant assays

2.5.1 | Sample preparation

Methanol extractions of cream cheese samples were prepared in 
triplicates (Parekh et al., 2006) with the following modifications. 
Cream cheese samples (5 g) were extracted with 50 ml of 80% 
methanol, keeping a solvent to cream cheese ratio of 1:10. The upper 

phase was filtered with Whatman No. 1 filter paper and kept at 4°C 
in airtight containers until further analyses.

2.5.2 | Determination of total phenolic content of 
cream cheese samples

The Folin Ciocalteu's colorimetric method was used to determine 
the total phenolic content (TPC) of the CLP- incorporated cream 
cheese samples as originally described by Singleton and Rossi (1965) 
and Parekh et al. (2006) as follows: Methanol extract (0.5 ml) was 
transferred into a 10- ml volumetric flask mixed containing 1.5 ml 
of freshly diluted (1:1 v/v) Folin Ciocalteu's reagent and 1.0 ml of 
10% sodium carbonate solution. It was volumed up with distilled 
water. The samples were subjected to stand at ambient temperature 
(27°C) for 2 h for color development (dark blue). The absorbance of 
the clear supernatant was measured at 765 nm using a spectropho-
tometer (Agilent Technologies: Cary 60 UV- Vis). Gallic acid was used 
to prepare the standard series. The results were expressed as mil-
ligrams of gallic acid equivalents per hundred grams of the sample 
(mg GAE/100 g of cream cheese).

2.5.3 | Determination of 2,2- diphenyl- 1- picryl- 
hydrazyl radical scavenging ability

The DPPH (2,2- diphenyl- l- picryl- hydrazyl) radical scavenging ability 
of the extracts was evaluated according to the method described 
by Brand- Williams et al. (1995). Sample extracts were prepared with 
concentrations of 0.025, 0.050, 0.075, and 0.1 g/ml. The diluted ex-
tract (2 ml) was taken into a test tube, and it was mixed with another 
2 ml of DPPH (3.9 mg of DPPH in 100 ml of 99.8% methanol), mixed 
thoroughly, and kept in dark for 30 min. The absorbance was meas-
ured at 515 nm along with a blank sample (99.8% methanol) via a UV- 
visible spectrophotometer (Agilent Technologies). The percentage of 
radical scavenging ability was calculated according to Equation (3). 

where
A control = Absorbance of the blank and A sample = Absorbance of 

the sample.
The IC50 value was calculated to determine AEAC (ascorbic acid 

equivalent antioxidant capacity) and it was derived from the scav-
enged DPPH percentage versus concentration plot (not shown). 
The results also were expressed as AEAC using Equation (4) (Lim 
et al., 2007). 

where
IC50 (AA) = IC50 value of ascorbic acid and IC50 (sample) = IC50 

value of the extract sample.

(1)Lactic acid (%) =
9 (The volume of0.1NNaOH × Normality of standard NaOH)

Volume inmL of yogurt taken for the test

(2)Syneresis (%) =
Weight of whey

weight of sample
× 100%

(3)Radicalscavengingability = [ (Acontrol − Asample) ∕Acontrol] × 100%

(4)AEAC = [IC50 (AA) ∕IC50 (sample) × 105
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2.5.4 | Determination of ferric reducing antioxidant 
power assay

The FRAP assay employs the conversion of ferric to ferrous ion re-
duction at low pH, causing to form an intense blue colored ferrous- 
tripyridyltriazine (FeII- TPTZ) from ferric- tripyridyltriazine (FeIII- TPTZ) 
complex. The FRAP values are determined by comparing the absorb-
ance change at 593 nm in test reaction mixtures, with those con-
taining ferrous ions in known concentrations (Lim et al., 2007). In 
the present study, the FRAP assay was performed according to the 
following method (Benzie & Strain, 1996).

Methanolic cream cheese extract (0.5 ml) was mixed with 9 ml 
of distilled water and obtained 1 ml of extract to mix with 6.0 ml 
of FRAP reagent. The samples were vortexed until mixed, and they 
were incubated for 30 min at 37°C until the color development was 
completed. The absorption was measured at 593 nm using the spec-
trophotometer (Agilent Technologies: Cary 60 UV- Vis). Regression 
equation design for the standards was used to calculate the FRAP 
values (mmol of Fe [II] equivalents per 1 g of sample).

2.6 | Sensory evaluation

Sensory analysis of CLP- incorporated cream cheese samples was 
carried out using 30 untrained panelists (aged 20– 45 years) accord-
ing to a randomized design using the triplicated cheese production. 
Each panelist scored the cream cheeses (T1 to T4) according to a 
5- point hedonic scale (1– 5, from strongly disliked to strongly liked, 
respectively) using a simplified and structured sensory evaluation 
ballet at 25°C. For the evaluation, panelists considered the flavor, 
color, texture, aroma, and overall acceptability of the cream cheese 
samples. The same score was not given for two or more samples.

2.7 | Statistical analysis

Physicochemical and microbiological attributes were analyzed using 
one- way ANOVA of minitab software (Minitab® 17.1.0) with a 95% 
confidence interval (significance at the p < .05). The Tukey test was 
used for mean separation in physicochemical and microbiological 
attributes while the Friedman test was used for sensory evalua-
tion. Antioxidant data were analyzed by the completely randomized 
design of ANOVA of sas program (version 9.0, SAS Inc) and mean 
separation among the treatments was performed by least- square dif-
ference (LSD) method to determine the statistical difference among 
them at the significant level of p < .05. Principal component analysis 
(PCA) was used in multivariate analyses of all studied observations, 
using the software simca 16.0 (Sartorius Stedim Data Analytics AB). 
The variables were preprocessed with UV centering. PCA score 
scatter plots were developed for assessing similarities and groupings 
of studied parameters, while PCA loading scatter plots were used to 
interpret the score to scatter plots to display similarities or differ-
ences among all variables.

3  | RESULTS AND DISCUSSION

3.1 | Changes in pH, titratable acidity, syneresis of 
cream cheese during the storage period

Since the paper is in large part about processing and preserva-
tion of cream cheese with plant materials, physicochemical prop-
erties were evaluated during the stipulated shelf life. Treatment 
(incorporation of CLP) did not significantly (p > .05) influence 
the pH, titratable acidity (TA), or syneresis (Figure 1). During the 
storage period, however, there was a gradual decrease (p < .05) 
in pH (Figure 1a) from 5.05 ± 07 to 4.57 ± 0.04, while increase 
(p < .05) in titratable acidity (TA; Figure 1b) from 0.141 ± 0.02 
to 0.285 ± 0.01 and syneresis from 4.31 ± 0.04 to 23.01 ± 0.04 
(Figure 1c) for all the treatments. In fact, we observed an inter-
active effect on cream cheese pH with the storage time, as the 
initial pH was higher than the CLP- treated cream cheese, and at 
the end of storage, pH was lower than the rest of the samples. This 
perhaps, the addition of CLP may buffer the pH, and therefore, 
drop in pH is seemingly higher for the control. Similarly, Olmedo 
et al. (2013) observed that the untreated cream cheese showed 
lower pH values than the samples treated with plant- based ex-
tracts (Oregano and rosemary essential oil) during storage. The 
gradual increase of TA in cream cheese samples might be an effect 
of the fermentative deterioration of dairy products over the stor-
age according to Galán et al. (2008), who showed a development 
of sour taste of cheese made with sheep milk, due to an increase 
in residual lactose fermentation, because of increased activity of 
lactic acid bacteria. Likewise, in the present study, the total viable 
counts increased during the storage (Table 2), while pH decreased 
and thus the TA increased. Our results are in agreement with 
Perveen et al. (2011), who observed gradual increases in titratable 
acidity with the storage of cream cheese at 4 ± 1°C. The lower TA 
in CLP- treated cream cheese samples in contrast to the control 
sample demonstrates that CLP inhibited the poststorage fermen-
tation process, and therefore, dried CLP has the potential of being 
a natural preserving agent, especially in fermented products.

There was no significant difference between syneresis values 
(p > .05) among the treatments (Figure 1c). However, there was a de-
creasing nonsignificant trend of syneresis values as the inclusion lev-
els of CLP increased. This could be attributed to the higher amounts 
of fiber that is included in T2, T3, and T4, as the ratio of CLP inclusion 
increased. The higher fiber content in dairy products may help to 
hold the water molecules inside the food matrix and thereby min-
imizing the syneresis. According to Ramulu and Rao. (2003), curry 
leaves contain approximately 16.3% (w/w) and 13.4% (w/w) of total 
dietary fiber and insoluble dietary fiber, respectively. Plant- based 
fiber helps to reduce syneresis by holding the water molecules to-
gether when incorporated into fermented dairy products. Likewise, 
in a recent study (Staffolo et al., 2017) it was demonstrated that a 
semisolid dairy dessert made with plant- based fiber exhibits low 
syneresis and low impaired mechanical properties as compared to 
dessert without added plant fiber.
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3.2 | Changes in fat, moisture, and total solid 
content of cream cheese

The addition of CLP did not significantly influence the fat, moisture, 
and total solid content of the samples (Table 1), indicating that CLP 
did not significantly influence the gross chemical composition of the 

cream cheese. This, perhaps CLP was added in minute proportion to 
the main ingredients and thus exerting a minimal effect on the gross 
composition. Yet, numerical values for fat content reduced with the 
addition of CLP (T2, T3, and T4) in contrast to the control was ob-
served. However, the reasons behind this nonsignificant reduction 
of fat content are unknown, and therefore, further investigations are 
warranted in this regard. In a study by Das et al. (2011), it was discov-
ered that using CLP can inhibit the formation of free fatty acids, lipid 
peroxide, and thiobarbituric acid reactive substances in meat. In this 
context, we speculated to lower the fat degradation (i.e., lipolysis) 
in cream cheese with increase CLP content, and therefore, incor-
poration of CLP will not affect gross fat content as opposed to the 
observation. Inhibition of free fatty acid formation in food products 
is beneficial to lowering the probability of rancidity and therefore 
off- flavors. There was no significant difference in moisture content 
(Table 1). However, the moisture content of the samples T3 and T4 
tends to be lower than the control (T1) sample. Moreover, there was 
no significant difference in total solids among the four treatments 
(Table 1), although there was an increase in the percentage of total 
solids in T2 (55.87%) and T4 (54.77%) than T1 (56.51%). This is likely 
because of added CLP into T2 and T4, which increases the dry mass 
of the samples.

3.3 | Microbiological analysis

Inclusion of CLP into cream cheese did not affect the microbiologi-
cal quality (i.e., yeast and mold counts, coliform counts, and viable 
aerobic plate counts) in all studied treatments (T1- 4) on a consid-
ered storage time, indicating no influence on microbiota because of 
increasing concentration of CLP addition (Table 2). This is probably 
due to the effect of storage duration that allows the growth of re-
spective microorganisms, as also indirectly indicated by increasing 
TA and decreasing pH. However, during the entire storage period, 
a gradual increase (p < .05) of yeast and mold count was observed 
(from 6.78 ± 0.00 CFU/ml to 7.48 ± 0.01 CFU/ml) for all cream 
cheese samples (T1- 4; Table 2). The highest viable yeast and mold 
counts were reported from the last day of storage (10th) compared 
with the lowest count on the day of production. At the end of the 
storage, T1, control (7.48 ± 0.01 CFU/ml) and T4 (7.32 ± 0.03 CFU/
ml) tend to contain numerically higher and lower (nonsignificant) 
values of yeast and mold count, respectively (Table 2). This may be 
due to Murraya koenigii L. leaves and root methanolic extracts have 
shown to exhibit an antifungal effect on three kinds of fungal strains 

F I G U R E  1   Changes of (a) pH and (b) titratable acidity (c) 
syneresis of cream cheese during storage at 4°C; standard error bar 
is shown; means with different lowercase letters are significantly 
different (p < .05) between each treatment of cream cheese, for 
a particular day of storage; T1, T2, T3, and T4 contain varying 
levels of dried CLP w/v = 0% (control), 0.15%, 0.2%, and 0.25%, 
respectively

Parameter T1 T2 T3 T4

Fat (%) 45.59 ± 0.00 40.96 ± 0.00 40.82 ± 0.00 33.01 ± 0.00

Moisture (%) 56.51 ± 1.19 55.87 ± 0.06 54.62 ± 0.73 54.77 ± 1.08

Total solid content (%) 44.39 ± 1.98 46.22 ± 2.15 40.38 ± 4.28 45.37 ± 0.98

Note: Means with superscript asterisks marks are significantly different from other treatments, 
(n = 4; p < .05). T1, T2, T3, and T4 contain varying levels of dried CLP w/v = 0% (control), 0.15%, 
0.2%, and 0.25%, respectively.

TA B L E  1   Changes in fat, moisture, and 
total solid content of cream cheese
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as reviewed by Heer et al. (2016). Likewise, at the end of the storage 
period, the viable coliform counts increased, indicating the highest 
and lowest values at the end of storage and beginning of storage, 
respectively. Upon storage, T1 and T4 tend to enumerate the nonsig-
nificantly higher (2.51 ± 0.00 CFU/ml) and lower (2.40 ± 0.01 CFU/
ml) viable coliform counts, respectively. The probable reason for the 
reduction of viable coliform counts in treatments with increased CLP 
inclusion could be due to the antibacterial effect of Murraya koenigii 
L. extracts. This is in agreement with Malwal and Sarin (2011), who 
showed growth inhibition of E. coli strain, from the hexane and 
methanolic root extracts of Murraya koenigii L., and thus exhibiting 

the antimicrobial activity of curry leaves extracts. Similarly, the vi-
able aerobic counts increased during the storage, with nonsignifi-
cantly higher values in T2 (7.47 ± 0.01 CFU/ml) compared with T1 
(7.20 ± 0.00 CFU/ml). In fact, we expected T1 would have resulted in 
higher values for the viable aerobic counts at the end of the storage, 
in accordance with the values recorded from the first and fifth days 
of storage. Nevertheless, we observed an abrupt decrease in viable 
aerobic counts in T1 from 6.26 ± 0.00 to 7.30 ± 0.00 CFU/ml, possi-
bly due to a practical reason, as opposed to the expectation. Despite 
the nonsignificant lower values in control and reduction of the viable 
aerobic counts with increasing levels of CLP in the present study, 
the behavior agrees with Malwal and Sarin (2011), who showed the 
antibacterial effect of curry leaves.

3.4 | Antioxidant analysis of cream cheese

All the CLP- incorporated cream cheese samples (T2, T3, T4) showed 
higher (p < .05) amounts of TPC compared with the control (T1) 
cream cheese (Table 3). The results showed that the level of CLP 
incorporation greatly affected the TPC of cream cheese, that is, in-
creasing TPC with increasing CLP content. T1 had the lowest TPC 
content (70.67 ± 1.16 mg GAE/100 g) while T4 had the highest TPC 
content (196.33 ± 4.73 mg GAE/100 g). This is because, the addition 
of dried CLP increases the TPC, since plants are in general rich in 
polyphenols. The TPC level observed in the control cream cheese 
may probably be derived from polyphenols in milk, which is mostly 
transferred from though animal feed, especially when the cows were 
provided with diets based on fresh forages (Besle et al., 2010; Di 
Trana et al., 2015). Another study (Vázquez et al., 2015) reported 
unpasteurized fresh cow milk generally contains TPC around 
49.00 ± 10.77 mg GAE/L, which is lower than the values observed 
in the present study and the discrepancies in numerical values may 
relate to the botanical composition and amount of pasture given to 
animals in their study and our study. Similarly, increasing TPC has 
been observed with increasing levels of spinach powder incorpo-
rated cream cheese, in a recent study (El- Sayed, 2020). Additionally, 
higher TPC values of cream cheese were reported for increasing 
levels of pomegranate peel extract by El- Shafei et al. (2017). Since 

TA B L E  2   The variation in viable counts of yeast and mold, 
coliform, and viable aerobic plate counts in cream cheese samples 
during the storage period of 10 days (CFU/ml)

Treatment

Period of storage (Days)

1 5 10

Yeast and mold counts

T1 6.85 ± 0.00Aa 7.02 ± 0.01Ab 7.48 ± 0.01Ac

T2 6.83 ± 0.00Aa 7.02 ± 0.00Ab 7.46 ± 0.00 Ac

T3 6.81 ± 0.00Aa 7.01 ± 0.00Ab 7.38 ± 0.00Ac

T4 6.78 ± 0.00Aa 6.99 ± 0.01Ab 7.32 ± 0.03Ac

Coliform counts

T1 1.63 ± 0.03Ba 1.70 ± 0.025Bb 2.51 ± 0.00Bb

T2 1.59 ± 0.01Ba 1.67 ± 0.00Bb 2.48 ± 0.00Bc

T3 1.52 ± 0.02Ba 1.70 ± 0.02Bb 2.44 ± 0.02Bc

T4 1.47 ± 0.00Ba 1.69 ± 0.00Bb 2.40 ± 0.01Bc

Viable aerobic plate count

T1 6.26 ± 0.00Ca 6.47 ± 0.00Cb 7.30 ± 0.00Cc

T2 6.19 ± 0.02Ca 6.43 ± 0.01Cb 7.47 ± 0.01Cc

T3 6.17 ± 0.03Ca 6.42 ± 0.01Cb 7.42 ± 0.00Cc

T4 6.11 ± 0.00Ca 6.38 ± 0.00Cb 7.20 ± 0.00Cc

Note: Data are expressed as mean ± standard deviation; (n = 4); means 
in the same row without a common small letter significantly (p < .05) 
differ for each treatment; means in the same column without a common 
capital letter significantly (p < .05) differ among the treatments per 
microbial analysis; T1, T2, T3, and T4 contain varying levels of dried CLP 
w/v = 0% (control), 0.15%, 0.2%, and 0.25%, respectively.

Treatments
Total phenolic content (TPC) 
[mg GAE/100 g of sample]

DPPH assay (Average 
IC50 [mg/ml] value)

FRAP assay (Average 
mM Fe [II]/100 g)

T1 70.67 ± 1.16E 0.09 ± 0.00A 0.08 ± 0.01D

T2 114.33 ± 1.53D 0.08 ± 0.00B 0.13 ± 0.01C

T3 158.67 ± 1.53C 0.07 ± 0.0C 0.16 ± 0.06B

T4 196.33 ± 4.73B 0.06 ± 0.00D 0.17 ± 0.00A

CLP 1644.67 ± 4.73A NA NA

Note: Means with different superscripts are significantly different (p < .05); values are expressed as 
mean ± standard deviation; (n = 3).
Abbreviations: DPPH, 2,2- diphenyl- 1- picryl- hydrazyl radical scavenging ability; FRAP, ferric 
reducing antioxidant power; NA, not available; T1, T2, T3, and T4 contain varying levels of dried 
CLP w/w = 0% (control), 0.15%, 0.2%, and 0.25%, respectively.

TA B L E  3   The antioxidant potentials 
of control and CLP- incorporated cream 
cheese
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plants are rich sources of polyphenols and have higher concentra-
tions of bioactive compounds, the incorporation of plant materials 
into cream cheese resulted in higher TPC.

The results of the DPPH assay showed a gradual and signifi-
cant increase in the antioxidant activity with each level of CLP in-
clusion (Table 3). The untreated sample (T1) had the highest IC50 
value (0.09 ± 0.00) which indicates the lowest antioxidant capacity, 
while the T4 sample resulted in the lowest IC50 value (0.06 ± 0.00) 
and thus reflects the highest antioxidant capacity among the treat-
ments. In curry leaves, the carbazole alkaloids (e.g., mahanimbine 
and koenigines) have been reported to exhibit antioxidant poten-
tials (Ramsewak et al., 1999; Tachibana et al., 2001; Tachibana et al., 
2003). Hence, it can be assumed that the higher antioxidant capacity 
observed in the CLP- incorporated cream cheeses is a direct impact 
of carbazole alkaloids in CLP that was added into the cream cheese 
base in the current study. Similar observations were made when 
curry leaves essential oil incorporated with a milk- based confection, 
burfi, a popular confection of the Indian sub- continent (Badola et al., 
2018). Authors reported the inclusion of curry leaves essential oil 
into burfi enhanced the storage stability without compromising the 
sensory acceptability.

Similarly, in the FRAP assay, a gradual increase in the total anti-
oxidant capacity, with increased CLP content, was observed among 
all the samples. The T1 (0% CLP) sample recorded the lowest level 
(0.83 ± 0.01 mM Fe (II)/100 g) of antioxidant capacity as indicated 
from FRAP, whereas the highest amount was recorded from the T4 
(0.17 ± 0.00 mM Fe [II]/100 g). This is also because Murraya koenigii 
L. possessing antioxidant capacities originate from its bioactive sec-
ondary metabolite, that is, mahanimbine, which is the most common 
bioactive compound based on FRAP assay (Ganesan et al., 2013; Ng 
et al., 2018). Likewise, a recent study (Ghasemzadeh et al., 2014) also 
revealed that methanol extracts of curry leaves contain an average 
FRAP value of 0.644 mM of Fe (II)/g. The differences in FRAP values 
might be an effect of differences in concentration of curry leaves in 
samples in their study (e.g., leaf extracts) and our study (e.g., cream 
cheese). Furthermore, the authors reviewed curry leaves have been 
reported to have antitumor, antioxidant, anti- inflammatory, and an-
tihyperglycemic effects. Thus, incorporation of dried CLP into cream 
cheese in our study might confer such health effects, and therefore, 
those potentials need to be further investigated.

3.5 | Sensory evaluation

The appearance of CLP- incorporated cream cheese is shown in 
Figure 2. The sensory evaluation revealed that the 0.2% CLP (T3) 
ranked the highest score for color, aroma, flavor, texture, and overall 
acceptability while the 0% CLP (control) ranked the lowest accept-
ance for tested organoleptic properties (Figure 3), thus demonstrat-
ing the possibilities of developing a cream cheese containing 0.2% of 
CLP with an acceptable level of organoleptic properties. α- pinene, 
sabinene, ẞ- pinene, 1- phenylethanethiol, linalool- like odorants with 
flavor dilution (FD) factors majorly contribute to the aroma of curry 
leaves (Verma et al., 2012). The unique sulfur and burnt odor is a 

F I G U R E  2   Dried curry leaves powder (CLP)- incorporated fresh 
cream cheeses. T1, T2, T3, and T4 contain varying levels of dried 
CLP w/v = 0% (control), 0.15%, 0.2%, and 0.25%, respectively

F I G U R E  3   Variation of sensory 
properties in cream cheese with varying 
levels of CLP incorporations. T1, T2, T3, 
and T4 contain varying levels of dried 
CLP w/v = 0% (control), 0.15%, 0.2%, and 
0.25%, respectively
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result of 1- phenylethanethiol in combination with its high FD factor 
(Steinhaus, 2017). Its ability to produce a strong aroma and flavor is 
beneficial in terms of using CLP as a condiment in many food applica-
tions and preparations. The study by Shanthala and Prakash (2005) 
assessed the acceptability and attitude toward the consumption 
of curry leaves- incorporated products (e.g., bread, seasoned pota-
toes, and cooked rice) and found 22% of panelists would increase 
the consumption of CLP- incorporated food products due to the 
associated health claims, whereas 20% considered its taste to be 
acceptable, and 58% responded their decision was influenced by 
both health benefits and taste. Thus, the incorporation of CLP into 
cream cheese in our study also likely to be positively influenced the 
acceptance by prospective consumers. However, the level of CLP 
incorporation is critically important, since smaller amounts of dried 
CLP were more acceptable to the majority of the panelists in their 

study (Shanthala & Prakash, 2005). Accordingly, the results of the 
current study also show that the aroma and the flavor are strongly 
influenced by the level of incorporation and thus the moderate level 
of CLP included cream cheeses (0.2%; T3) resulted in the highest 
scores for the studied sensory attributes. Hence, the addition of 
CLP should be done carefully to preserve the organoleptic quality 
attributes with a delicate balance.

3.6 | Principal component analysis

A PCA model, explaining 71.4 and 17.7 percent of the variance in the 
first two principal components, respectively, was used to evaluate the 
overall variation of studied parameters. The score plot (Figure 4, upper 
panel) suggested that CLP infused cream cheeses were different from 

F I G U R E  4   Principal component analysis (PCA) score plot (upper panel) and loading plot (lower panel) of all studied parameters and their 
relationship with T1, T2, T3, and T4 containing varying levels of dried CLP w/w = 0% (control), 0.15%, 0.2%, and 0.25%, respectively
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each other as well as from the control sample. T1 and T2 are located 
on the same side (right) of the PCA, while T3 and T4, which containing 
a comparatively higher amount, located on the opposite side (left) of 
the score plot. According to the loading plot (Figure 4, lower panel), 
the underlying reasons for this variation could be comprehended. 
T1 (control sample) showed comparatively greater influence from 
moisture%, fat%, total solids%, syneresis, pH, DPPH as well as mi-
crobiological quality (i.e., higher viable aerobic plate counts, coliform 
counts, yeast, and mold counts). T2 showed moderate influence from 
all observed variations. T3 had a higher influence from sensory pa-
rameters (i.e., aroma, texture, and overall acceptability) compared 
with other treatments. T4 (0.25% CLP) had higher titratable acidity, 
total phenolic content, FRAP, and flavor. According to the loading 
plot, we could observe the cream cheese samples with higher FRAP 
resulted in higher titratable acidity and total phenolic content, while 
lower DPPH and microbiological contents. Total phenolic content 
was higher in those samples, which resulted in greater levels of flavor 
scores and lower levels of color scores from the sensory analysis. This 
probably resulted from the high amount of curry leaf flavanols includ-
ing myricetin- 3- galactoside, quercetin- O- pentohexoside, quercetin- 
3- diglucoside, quercetin- 3- O- rutinoside, quercetin- 3- glucoside, 
quercetin- 3- acetylhexoside, and the curry leaf phenolics that prevent 
compound peroxidation (Singh et al., 2011).

Also, it showed when moisture percentage is higher, microbio-
logical counts were also elevated. This could be explained by the 
fact that food with a higher water activity (aw) provide a suitable 
substrate for microbial growth. Generally, in fresh cream cheeses, 
the aw is as higher as 0.991% and the moisture percentage (wet basis) 
is around 45%– 53% (Schmidt & Fontana, 2008). Moreover, higher 
syneresis was observed when there is more moisture in the samples, 
which contain a higher amount of fat as well. This phenomenon was 
highlighted in the control (0%) and the T1 (0.15%) CLP containing 
samples.

Further work will merit the understanding of incorporating CLP 
into dairy products. For this, characterizing the phenolic profile of 
CLP using high- performance liquid chromatography (HPLC) and 
liquid chromatography– mass spectrometry (LC- MS) would be ben-
eficial. Innovative and emerging processing technologies for the 
processing of curry leaves and cream cheese production should be 
tested to enhance or preserve the natural antioxidant capacities in 
curry leaves. The specific nutritional, therapeutic, and nutraceuti-
cal potentials of bioactive compounds in CLP- incorporated cream 
cheese should be further researched since those aspects were be-
yond the scope of the current study.

4  | CONCLUSIONS

Dried curry leaves (Murraya koenigii L.) could be successfully incor-
porated into fresh cream cheese without compromising its phys-
icochemical properties, while the addition of curry leaves powder 
significantly increased the antioxidant activity of the cream cheese. 
The inclusion of CLP slowed the pH reduction and hindered the 

syneresis during the 10- day storage period. The microbial quality 
of the CLP- incorporated cream cheese was better compared with 
the control sample with an exception in the viable aerobic count. 
Sensory evaluation results confirmed that the 0.2% inclusion level of 
CLP had the highest acceptance for organoleptic properties such as 
color, aroma, and texture. PCA enabled to distinguish the variation 
of CLP infused cream cheeses, as influenced by the overall variation 
of physicochemical, sensory, antioxidant, and microbiological prop-
erties. PCA further enabled to study of the relationship between 
studied parameters. Further research, however, is needed to evalu-
ate the functional properties of dried curry leaves- incorporated 
cream cheeses. Thus, the experimental results of this study offer a 
potential scope for new product developments for the industry as 
well as new insights into future research.

ACKNOWLEDG EMENTS
Authors acknowledge Mr. Varuna Madhusanka, Laboratory 
Executive, CIC Seed Farm, Pelwehera, Dambulla, Sri Lanka, for the 
partial contribution of the laboratory experiment.

CONFLIC T OF INTERE S T
The authors declare no conflict of interest.

PERMISSION TO REPRODUCE MATERIAL FROM 
OTHER SOURCE S
Contain only originals.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available from 
the corresponding author upon reasonable request.

ORCID
Viraj Weerasingha  https://orcid.org/0000-0002-5234-8266 
Hasitha Priyashantha  https://orcid.org/0000-0003-0190-9075 

R E FE R E N C E S
Badola, R., Panjagari, N. R., Singh, R. R. B., Singh, A. K., & Prasad, W. 

G. (2018). Effect of clove bud and curry leaf essential oils on the 
anti- oxidative and anti- microbial activity of burfi, a milk- based con-
fection. Journal of Food Science and Technology, 55(12), 4802– 4810. 
https://doi.org/10.1007/s1319 7- 018- 3413- 6

Benzie, I. F., & Strain, J. J. (1996). The ferric reducing ability of plasma 
(FRAP) as a measure of “antioxidant power”: The FRAP assay. Analytical 
Biochemistry, 239(1), 70– 76. https://doi.org/10.1006/abio.1996.0292

Besle, J. M., Viala, D., Martin, B., Pradel, P., Meunier, B., Berdagué, J. 
L., Fraisse, D., Lamaison, J. L., & Coulon, J. B. (2010). Ultraviolet- 
absorbing compounds in milk are related to forage polyphenols. 
Journal of Dairy Science, 93(7), 2846– 2856. https://doi.org/10.3168/
jds.2009- 2939

Bhandari, P. R. (2012). Curry leaf (Murraya koenigii) or cure leaf: Review of 
its curative properties. Journal of Medical Nutrition and Nutraceuticals, 
1(2), 92. https://doi.org/10.4103/2278- 019X.101295

Bradley, R. L. (2010). Moisture and total solids analysis. Food analysis (pp. 
85– 104). Springer.

Brand- Williams, W., Cuvelier, M. E., & Berset, C. L. W. T. (1995). Use 
of a free radical method to evaluate antioxidant activity. LWT- Food 

https://orcid.org/0000-0002-5234-8266
https://orcid.org/0000-0002-5234-8266
https://orcid.org/0000-0003-0190-9075
https://orcid.org/0000-0003-0190-9075
https://doi.org/10.1007/s13197-018-3413-6
https://doi.org/10.1006/abio.1996.0292
https://doi.org/10.3168/jds.2009-2939
https://doi.org/10.3168/jds.2009-2939
https://doi.org/10.4103/2278-019X.101295


     |  5783WERAGAMA Et Al.

Science and Technology, 28(1), 25– 30. https://doi.org/10.1016/S0023 
- 6438(95)80008 - 5

Burdikova, Z., Svindrych, Z., Pala, J., Hickey, C. D., Wilkinson, M. 
G., Panek, J., Auty, M. A., Periasamy, A., & Sheehan, J. J. (2015). 
Measurement of pH micro- heterogeneity in natural cheese matrices 
by fluorescence lifetime imaging. Frontiers in Microbiology, 6, 183. 
https://doi.org/10.3389/fmicb.2015.00183

Cadavid, A. M., Bohigas, L., Toldrà, M., Parés, D., Carretero, C., & Saguer, E. 
(2019). Cheese analogue- making process using microbial transgluta-
minase: Effects on texture and syneresis. International Journal of Food 
Engineering, 5(2), 104– 110. https://doi.org/10.18178/ ijfe.5.2.104- 110

Das, A. K., Rajkumar, V., & Dwivedi, D. K. (2011). Antioxidant effect of 
curry leaf (Murraya koenigii) powder on quality of ground and cooked 
goat meat. International Food Research Journal, 18(2), 563– 569.

Di Trana, A., Bonanno, A., Cecchini, S., Giorgio, D., Di Grigoli, A., & Claps, 
S. (2015). Effects of sulla forage (Sulla coronarium L.) on the oxidative 
status and milk polyphenol content in goats. Journal of Dairy Science, 
98(1), 37– 46.

Drisya, C. R., Swetha, B. G., Velu, V., Indrani, D., & Singh, R. P. (2015). 
Effect of dried Murraya koenigii leaves on nutritional, textural and 
organoleptic characteristics of cookies. Journal of Food Science and 
Technology, 52(1), 500– 506.

Dupas, C., Métoyer, B., El Hatmi, H., Adt, I., Mahgoub, S. A., & Dumas, 
E. (2020). Plants: A natural solution to enhance raw milk cheese 
preservation. Food Research International, 130, 108883. https://doi.
org/10.1016/j.foodr es.2019.108883

El- Sayed, S. M. (2020). Use of spinach powder as functional ingredient 
in the manufacture of UF- soft cheese. Heliyon, 6(1), e03278. https://
doi.org/10.1016/j.heliy on.2020.e03278

El- Shafei, S., Abdeen, E. M. M., & Abozed, S. S. (2017). Using pomegran-
ate peel extracts as natural antioxidant in cream cheese manufac-
tured from goat's milk. Zagazig Journal of Agricultural Research, 44(6), 
2649– 2664.

Enwa, F., Avbunudiogba, A., John, C., & Godstime, O. (2013). 
Physiochemical comparism of three different types of soft cheese. 
Journal of Environmental Science, Toxicology and Food Technology, 4(5), 
11– 17. https://doi.org/10.9790/2402- 0451117

Gad, A. S., & Sayd, A. F. (2015). Antioxidant properties of rosemary and 
its potential uses as natural antioxidant in dairy products— A review. 
Food and Nutrition Sciences, 6(01), 179. https://doi.org/10.4236/
fns.2015.61019

Galán, E., Prados, F., Pino, A., Tejada, L., & Fernández- Salguero, J. (2008). 
Influence of different amounts of vegetable coagulant from cardoon 
Cynara cardunculus and calf rennet on the proteolysis and sensory 
characteristics of cheeses made with sheep milk. International Dairy 
Journal, 18(1), 93– 98. https://doi.org/10.1016/j.idair yj.2007.06.003

Ganesan, P., Phaiphan, A., Murugan, Y., & Baharin, B. S. (2013). 
Comparative study of bioactive compounds in curry and coriander 
leaves: An update. Journal of Chemical and Pharmaceutical Research, 
5(11), 590– 594.

Ghasemzadeh, A., Jaafar, H. Z., Rahmat, A., & Devarajan, T. (2014). 
Evaluation of bioactive compounds, pharmaceutical quality, and 
anticancer activity of curry leaf (Murraya koenigii L.). Evidence- 
Based Complementary and Alternative Medicine. https://doi.
org/10.1155/2014/873803. Epub ahead of print.

Handral, H. K., Pandith, A., & Shruthi, S. D. (2012). A review on 
Murraya koenigii: Multipotential medicinal plant. Asian Journal of 
Pharmaceutical and Clinical Research, 5(4), 5– 14.

Heer, A., Sharma, V., Gupta, S., & Bhagat, M. (2016). Curry leaves pos-
sesses antifungal efficacy. Ecological Perspectives, 2, 743. https://
www.resea rchga te.net/publi catio n/29948 3692_Strat egy_for_
Optim izati on_of_Higher_Produ ctivi ty_and_Quali ty_in_Field_Crops_
Throu gh_Micro nutri ents#page=242

Jayarathna, S., Priyashantha, H., Johansson, M., Vidanarachchi, J. 
K., Jayawardana, B. C., & Liyanage, R. (2020). Probiotic enriched 

fermented soy- gel as a vegan substitute for dairy yoghurt. Journal of 
Food Processing and Preservation, e15092. https://doi.org/10.1111/
jfpp.15092

Khan, B. A., Abraham, A., & Leelamma, S. (1997). Anti- oxidant effects of 
curry leaf, Murraya koenigii and mustard seeds, Brassica juncea in rats 
fed with high fat diet. Indian Journal of Experimental Biology, 35(2), 148.

Kitts, D. D., & Tomiuk, S. (2013). Studies on mitigating lipid oxidation 
reactions in a value- added dairy product using a standardized cran-
berry extract. Agriculture, 3(2), 236– 252. https://doi.org/10.3390/
agric ultur e3020236

Lim, Y. Y., Lim, T. T., & Tee, J. J. (2007). Antioxidant properties of several 
tropical fruits: A comparative study. Food Chemistry, 103(3), 1003– 
1008. https://doi.org/10.1016/j.foodc hem.2006.08.038

Malwal, M., & Sarin, R. (2011). Indian Journal of Natural Products and 
Resources. Antimicrobial efficacy of Murraya koenigii (Linn.) Spreng. 
root extracts (Vol. 2(1), pp. 48– 51). https://www.doc- devel oppem 
ent- durab le.org/file/Cultu re/Cultu re- epice s/arbre - a- curry/ Antim 
icrob ial%20eff icacy %20of%20Mur raya%20koe nigii %20roo ts%20
ext racts.pdf

Min, D. B., & Ellefson, W. C. (2010). Fat analysis. Food analysis (pp. 117– 
132). Springer.

Mishra, S. P., Singh, P., & Singh, S. (2012). Processing of Moringa oleifera 
leaves for human consumption. Bulletin of Environment, Pharmacology 
and Life Sciences, 2(1), 28– 31.

Ng, R. C., Kassim, N. K., Yeap, Y. S., Ee, G. C. L., Yazan, S. L., & Musa, 
K. H. (2018). Isolation of carbazole alkaloids and coumarins from 
Aegle marmelos and Murraya koenigii and their antioxidant proper-
ties. Sains Malaysiana, 47(8), 1749– 1756. https://doi.org/10.17576/ 
jsm- 2018- 4708- 14

Olmedo, R. H., Nepote, V., & Grosso, N. R. (2013). Preservation of sensory 
and chemical properties in flavoured cheese prepared with cream 
cheese base using oregano and rosemary essential oils. LWT- Food 
Science and Technology, 53(2), 409– 417. https://doi.org/10.1016/j.
lwt.2013.04.007

Parekh, J., Jadeja, D., & Chanda, S. (2006). Efficacy of aqueous and meth-
anol extracts of some medicinal plants for potential antibacterial ac-
tivity. Turkish Journal of Biology, 29(4), 203– 210.

Perveen, K., Alabdulkarim, B., & Arzoo, S. (2011). Effect of temperature 
on shelf life, chemical and microbial properties of cream cheese. 
African Journal of Biotechnology, 10(74), 16924– 16928.

Phadungath, C. (2005). Cream cheese products: A review. Songklanakarin 
Journal of Science and Technology, 27(1), 191– 199.

Ramsewak, R. S., Nair, M. G., Strasburg, G. M., DeWitt, D. L., & Nitiss, J. L. 
(1999). Biologically active carbazole alkaloids from Murraya k oenigii. 
Journal of Agricultural and Food Chemistry, 47(2), 444– 447.

Ramulu, P., & Rao, P. U. (2003). Total, insoluble and soluble dietary fiber 
contents of Indian fruits. Journal of Food Composition and Analysis, 
16(6), 677– 685. https://doi.org/10.1016/S0889 - 1575(03)00095 - 4

Regu, M., Yilma, Z., & Seifu, E. (2016). Effect of garlic (Allium sativum) and 
ginger (Zingiber officinale) powder on chemical composition and sen-
sory property of Ayib- Ethiopian cottage cheese. International Food 
Research Journal, 23(3), 1226– 1232.

Safriani, N., Arpi, N., Erfiza, N. M., & Basyamfar, R. A. (2011). Antioxidant 
activities of curry leaves (Murayya koeniigi) and salam leaves (Eugenia 
polyantha). In Proceedings of the annual international conference, Syiah 
Kuala university- life sciences & engineering chapter, (Vol. 1, No. 1). 
http://e- repos itory.unsyi ah.ac.id/AICS- SciEn g/artic le/view/1906f 
bclid =IwAR3 yUCjF 641gn Wto- ON8XV Ob1Y2 obKeV o1gso Wk7Cp 
pFtbZ omIF7 xmf2GgI

Sainani, M. R., Vyas, H. K., & Tong, P. S. (2004). Characterization of par-
ticles in cream cheese. Journal of Dairy Science, 87(9), 2854– 2863. 
https://doi.org/10.3168/jds.S0022 - 0302(04)73414 - 1

Sasidharan, I., & Menon, A. N. (2010). A study of antioxidant properties of 
different extracts of curry leaf (Murraya koenigii L.). Electronic Journal 
of Environmental, Agricultural & Food Chemistry, 9(6), 1036– 1046.

https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.3389/fmicb.2015.00183
https://doi.org/10.18178/ijfe.5.2.104-110
https://doi.org/10.1016/j.foodres.2019.108883
https://doi.org/10.1016/j.foodres.2019.108883
https://doi.org/10.1016/j.heliyon.2020.e03278
https://doi.org/10.1016/j.heliyon.2020.e03278
https://doi.org/10.9790/2402-0451117
https://doi.org/10.4236/fns.2015.61019
https://doi.org/10.4236/fns.2015.61019
https://doi.org/10.1016/j.idairyj.2007.06.003
https://doi.org/10.1155/2014/873803
https://doi.org/10.1155/2014/873803
https://www.researchgate.net/publication/299483692_Strategy_for_Optimization_of_Higher_Productivity_and_Quality_in_Field_Crops_Through_Micronutrients#page=242
https://www.researchgate.net/publication/299483692_Strategy_for_Optimization_of_Higher_Productivity_and_Quality_in_Field_Crops_Through_Micronutrients#page=242
https://www.researchgate.net/publication/299483692_Strategy_for_Optimization_of_Higher_Productivity_and_Quality_in_Field_Crops_Through_Micronutrients#page=242
https://www.researchgate.net/publication/299483692_Strategy_for_Optimization_of_Higher_Productivity_and_Quality_in_Field_Crops_Through_Micronutrients#page=242
https://doi.org/10.1111/jfpp.15092
https://doi.org/10.1111/jfpp.15092
https://doi.org/10.3390/agriculture3020236
https://doi.org/10.3390/agriculture3020236
https://doi.org/10.1016/j.foodchem.2006.08.038
https://www.doc-developpement-durable.org/file/Culture/Culture-epices/arbre-a-curry/Antimicrobial efficacy of Murraya koenigii roots extracts.pdf
https://www.doc-developpement-durable.org/file/Culture/Culture-epices/arbre-a-curry/Antimicrobial efficacy of Murraya koenigii roots extracts.pdf
https://www.doc-developpement-durable.org/file/Culture/Culture-epices/arbre-a-curry/Antimicrobial efficacy of Murraya koenigii roots extracts.pdf
https://www.doc-developpement-durable.org/file/Culture/Culture-epices/arbre-a-curry/Antimicrobial efficacy of Murraya koenigii roots extracts.pdf
https://doi.org/10.17576/jsm-2018-4708-14
https://doi.org/10.17576/jsm-2018-4708-14
https://doi.org/10.1016/j.lwt.2013.04.007
https://doi.org/10.1016/j.lwt.2013.04.007
https://doi.org/10.1016/S0889-1575(03)00095-4
http://e-repository.unsyiah.ac.id/AICS-SciEng/article/view/1906fbclid=IwAR3yUCjF641gnWto-ON8XVOb1Y2obKeVo1gsoWk7CppFtbZomIF7xmf2GgI
http://e-repository.unsyiah.ac.id/AICS-SciEng/article/view/1906fbclid=IwAR3yUCjF641gnWto-ON8XVOb1Y2obKeVo1gsoWk7CppFtbZomIF7xmf2GgI
http://e-repository.unsyiah.ac.id/AICS-SciEng/article/view/1906fbclid=IwAR3yUCjF641gnWto-ON8XVOb1Y2obKeVo1gsoWk7CppFtbZomIF7xmf2GgI
https://doi.org/10.3168/jds.S0022-0302(04)73414-1


5784  |     WERAGAMA Et Al.

Schmidt, S. J., & Fontana, A. J. Jr (2008). Water activity values of se-
lect food ingredients and products. In G. V. Barbosa- Cánovas, A. 
J.Jr Fontana, S. J. Schmidt, & T. P. Labuza (Eds.), Water activity in 
foods: Fundamentals and applications. 407– 420. IFT Press, Blackwell 
Publishing Ltd. https://www.wiley.com/en- us/Water +Activ ity+in+-
Foods %3A+Funda menta ls+and+Appli catio ns- p- 97808 13824086

Shanthala, M., & Prakash, J. (2005). Acceptability of curry leaf (Murraya 
koenigii) incorporated products and attitude toward consumption. 
Journal of Food Processing and Preservation, 29(1), 33– 44.

Singh, A. P., Wilson, T., Luthria, D., Freeman, M. R., Scott, R. M., Bilenker, 
D., Shah, S., Somasundaram, S., & Vorsa, N. (2011). LC- MS– MS 
characterisation of curry leaf flavonols and antioxidant activity. 
Food Chemistry, 127(1), 80– 85. https://doi.org/10.1016/j.foodc 
hem.2010.12.091

Singleton, V. L., & Rossi, J. A. (1965). Colorimetry of total phenolics with 
phosphomolybdic- phosphotungstic acid reagents. American Journal 
of Enology and Viticulture, 16(3), 144– 158.

Staffolo, M. D., Sato, A. C., & Cunha, R. L. (2017). Utilization of plant 
dietary fibers to reinforce low- calorie dairy dessert structure. Food 
and Bioprocess Technology, 10(5), 914– 925. https://doi.org/10.1007/
s1194 7- 017- 1872- 9

Steinhaus, M. (2017). Confirmation of 1- phenylethane- 1- thiol as the charac-
ter impact aroma compound in curry leaves and its behavior during tissue 
disruption, drying, and frying. Journal of Agricultural and Food Chemistry, 
65(10), 2141– 2146. https://doi.org/10.1021/acs.jafc.7b00197

Tachibana, Y., Kikuzaki, H., Lajis, N. H., & Nakatani, N. (2001). 
Antioxidative activity of carbazoles from Murraya koenigii leaves. 
Journal of Agricultural and Food Chemistry, 49(11), 5589– 5594.

Tachibana, Y., Kikuzaki, H., Lajis, N. H., & Nakatani, N. (2003). Comparison 
of antioxidative properties of carbazole alkaloids from Murraya 
koenigii leaves. Journal of Agricultural and Food Chemistry, 51(22), 
6461– 6467.

U.S Food & Drug Administration. (2019), Part 133: cheeses & related 
cheese products. https://www.acces sdata.fda.gov/scrip ts/cdrh/
cfdoc s/cfcfr/ CFRSe arch.cfm?CFRPa rt=133

Valenzuela, A., Sanhueza, J., & Nieto, S. (2003). Natural antioxidants in 
functional foods: From food safety to health benefits. Grasasy Aceites, 
54(3), 295– 303. https://doi.org/10.3989/gya.2003.v54.i3.245

Vázquez, C. V., Rojas, M. G. V., Ramírez, C. A., Chávez- Servín, J. L., 
García- Gasca, T., Martínez, R. A. F., García, O. P., Rosado, J. L., López- 
Sabater, C. M., Castellote, A. I., & Montemayor, H. M. A. (2015). 
Total phenolic compounds in milk from different species. Design of 
an extraction technique for quantification using the Folin- Ciocalteu 
method. Food Chemistry, 176, 480– 486.

Verma, R. S., Padalia, R. C., Arya, V., & Chauhan, A. (2012). Aroma profiles 
of the curry leaf, Murraya koenigii (L.) Spreng. chemotypes: Variability 
in north India during the year. Industrial Crops and Products, 36(1), 
343– 348.

Zahin, M., Aqil, F., Husain, F. M., & Ahmad, I. (2013). Antioxidant capacity 
and antimutagenic potential of Murraya koenigii. BioMed Research 
International, 2013, 1– 10. https://doi.org/10.1155/2013/263509

How to cite this article: Weragama, D., Weerasingha, V., 
Jayasumana, L., Adikari, J., Vidanarachchi, J. K., & 
Priyashantha, H. (2021). The physicochemical, 
microbiological, and organoleptic properties and antioxidant 
activities of cream cheeses fortified with dried curry leaves 
(Murraya koenigii L.) powder. Food Science & Nutrition, 9, 
5774– 5784. https://doi.org/10.1002/fsn3.2551

https://www.wiley.com/en-us/Water+Activity+in+Foods%3A+Fundamentals+and+Applications-p-9780813824086
https://www.wiley.com/en-us/Water+Activity+in+Foods%3A+Fundamentals+and+Applications-p-9780813824086
https://doi.org/10.1016/j.foodchem.2010.12.091
https://doi.org/10.1016/j.foodchem.2010.12.091
https://doi.org/10.1007/s11947-017-1872-9
https://doi.org/10.1007/s11947-017-1872-9
https://doi.org/10.1021/acs.jafc.7b00197
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?CFRPart=133
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?CFRPart=133
https://doi.org/10.3989/gya.2003.v54.i3.245
https://doi.org/10.1155/2013/263509
https://doi.org/10.1002/fsn3.2551

