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Abstract
Jameed is a traditional dried, fermented dairy product widely consumed in Jordan 
and the Levant. This study evaluated jameed powder as a functional dairy ingredient 
by characterizing its physicochemical, structural, rheological, techno-functional, 
and antioxidant properties to support its use in food applications and to provide 
baseline data for parallel work on bioactive antimicrobial and antioxidant peptides. 
Two Jordanian samples were analyzed: MS (south) and MZ (north). MS had higher 
moisture and water activity than MZ (0.164 vs. 0.117). Protein was measured at 
53–54%, fat composition at 9.0–9.5%, and mineral ash at 11–12%. The jameed 
samples showed a trend towards lighter color, as indicated by higher L* values for 
MS. The jameed dispersions, once reconstituted, showed flow behavior that was 
dependent on the formulation, and the power-law K values ranged from 0.0179 
to 0.0252 kPa·sⁿ, showing no consistent relationship with the concentration. The 
FTIR spectra presented bands at 3269, 2927, 1625, and 1529 cm-¹, and were 
dominated by the lipid and protein functional groups. The results of the oscillatory 
rheology showed that the jameed formulation MZ had a greater elastic storage 
modulus (G′) than MS, and that in the main formulations G′ > G″, which showed 
predominantly elastic, weak gel behavior. The temperature sweep rheology of 
formulation MZ showed greater restructuring of the gel network due to increased 
thermal stimulus, indicating that MZ had greater responsiveness of the gel network 
to heating. When studied using the DPPH and ABTS methods, MZ showed greater 
radical scavenging activity than MS. These studies suggest that jameed powder is 
a very promising new dairy ingredient for use in the food system. 
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Introduction    
Jameed\" (figure1.) comes from the Arabic word 
\"jumad\" which means \"solid\" or \"frozen\" 
because Jameed has a hard and dry texture.1 The 
production of jameed has managed to survive the 
passing of countless generations and is a reflection 
of the preservative strategies of communities in the 
desert on how to retain the important macro and 
micronutrients during their hostile environmental 
situations. The traditional way of manufacturing 
jameed is done by fermenting the milk into yogurt 
and then whey is partially removed, the solid curd 
is then shaped and dried into small and hard balls.2 
This traditional way provides a source of proteins 
and micro nutrients and becomes important in 

environments where resources are scarce because 
it maintains stability and safety of the food over 
a long time.3 Jameed also has high functional 
value in health and nutrition.4 It has an abundance 
of proteins, calcium, fatty acids, and probiotic 
microorganisms.1 Also, because of its long shelf-
life and nutritional value, jameed has the potential 
to be used in other areas aside from traditional 
ethnic foods to be included in the manufacturing of 
functional foods and other industrial dairy products.5 
For the preparation of jameed, the buttermilk is also 
prepared by churning the mixture of fermented milk 
and yogurt, and then whey is removed by straining 
through cheese cloth.

Fig. 1: Graphical abstract for technofunctional properties of jameed.   

Afterwards, the resultant coagulum is salted, formed 
into balls, and left to dry for a few weeks until a 
hardness is attained.6 Jameed has a characteristically 
salty and sour taste with an enduring aftertaste, and 
it is usually white or yellowish in color. Core drying is 
of utmost importance, and drying has to be complete, 
for the presence of moisture may lead to spoilage.1 

Jameed may be rendered into several shapes and 
this may affect the moisture content of the product. 
Most of the time, it is shaped into spheroids, 
and made shelf-stable through a dual process of 
fermentation and drying.6 Its high shelf stability is 
mainly due to its low water activity and pH, high 

level of salt, and presence of lactic acid bacteria, 
which inhibit the growth of spoilage pathogenic 
microorganisms.7 Because of this, Jameed may 
be kept, for several years, at room temperature 
and without spoilage or a significant drop in the 
nutritional value.8 Additionally, the ability of jameed 
to be stored at ambient temperature enhances its 
suitability for distribution and consumption in remote 
areas and among nomadic communities.9 Jameed 
can be considered stable at fundamental levels, but 
numerous processing and packaging techniques can 
be implemented to increase its shelf life. Packaging-
based preservation strategies can help reduce 
microbial deterioration and maintain the quality of 
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dairy products during storage. Vacuum and modified-
atmosphere packaging improved the microbiological, 
chemical, and sensory stability of Domiati cheese,10 
while carbon dioxide-containing atmospheres 
restricted the growth of spoilage microorganisms 
and Listeria monocytogenes in fresh cheese.11 
Furthermore, combining modified-atmosphere 
packaging with a food-grade antimicrobial coating 
containing lysozyme and EDTA extended the 
shelf life of Fior di Latte cheese.12 The traditional 
stability of jameed is primarily associated with 
fermentation, salting, and drying, which reduce 
its moisture availability and permit storage before 
reconstitution. Accordingly, the present study 
focused on characterizing the physicochemical, 
structural, rheological, and antioxidant properties 
of milled jameed powder rather than evaluating 
postproduction packaging or storage interventions.
Accordingly, the present study was designed 
as a preliminary platform for the valorization of 
traditional dried jameed into a technofunctional dairy 
powder. The work focused on producing jameed 
powder through milling of already dried jameed 
and evaluating its key quality- and functionality-
related attributes, including antioxidant activity, 
rheological behavior, instrumental color, structural 
characteristics, and techno-functional properties. 
By linking compositional and structural features 
with functional performance, this study provides 
a scientific basis for the potential incorporation of 
jameed powder as a functional dairy ingredient in 
food systems. Furthermore, The present findings 
provide relevant compositional and functional context 
for interpreting the antioxidant and antimicrobial 
properties of jameed-derived peptide fractions 
reported in the related study.

Materials and Methods
The jammed samples were collected from two 
geographical areas of Jordan, with one being 
from the southern area (MS) and the other from 
the northern area (MZ). Once the samples were 
collected, they were then delivered to the laboratory 
and kept under cold storage (6 ± 2 °C) until the time 
of analysis. 

Preparation of Jameed Powder
Dried jameed samples were powdered prior to 
analysis using a stainless-steel laboratory mill. 
The jameed pieces were first manually broken 

into small fragments of approximately 0.5–1.0 cm 
using a clean stainless-steel cutter. The fragments 
were then milled using a laboratory hammer mill or 
cutting mill equipped with a stainless-steel sieve. 
Milling was performed intermittently to minimize 
heat generation and avoid changes in protein, fat, 
and volatile compounds.

The resulting powder was passed through a standard 
sieve, preferably 500 µm for general proximate, 
color, water activity, antioxidant, and functional 
analyses. For finer analytical purposes, the powder 
may be sieved through 250 µm. Any coarse particles 
retained on the sieve were re-milled and sieved 
again until a uniform powder was obtained. The 
powdered jameed was immediately packed in airtight 
polyethylene or laminated aluminum bags and stored 
at 4°C for short-term analysis or at −20°C for longer 
storage until further use.

Proximate Analysis
Proximate analysis of the jameed samples was 
performed using standard procedures described 
in the AOAC International (22nd ed.).13 Moisture 
content was determined by oven-drying to constant 
weight, crude fat by solvent extraction, crude protein 
by nitrogen determination and conversion using 
an appropriate protein factor, and ash content by 
incineration in a muffle furnace. The results were 
expressed as percentages of sample weight to 
evaluate the basic chemical composition of the 
jameed samples.

Water Activity
Water activity of the jameed powder was calculated 
using duplicate measurements at 25 °C with a 
Novasina AG (CH-8853 Lachen, Switzerland) water 
activity meter.

Instrumental Color Measurement
The colorimetric parameters of the jameed samples 
were expressed according to the CIELAB system, 
where L* (Lightness / brightness, The value ranges 
from 0 = black to 100 = white. Lower L* means 
a darker color. or brighter sample; a* red–green 
coordinate, positive a* = more red, negative a* = more 
green; b* yellow–blue coordinate, positive b* = more 
yellow, negative b* = more blue. The colorimetric 
parameters were assessed in triplicate with a 
HunterLab colorimeter (Flex EZ, Model No. 45/0). 
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FTIR Analysis 
Fourier transform infrared (FTIR) spectral analysis 
of the jameed sample was conducted using an 
FTIR spectrometer (model L1600300, PerkinElmer). 
Spectra were recorded over the wavenumber range 
of 400–4000 cm-¹, employing 32 scans at a resolution 
of 4 cm-¹ at 25 °C, following the methodology 
described by Widyasari and Rawdkuen.14

Rheological Properties
Flow Behavior
Jameed sample solutions at concentrations of 1–5% 
(w/v) were prepared by dispersing the required 
amount of powdered jameed in purified water 
using an analytical balance and a temperature-
controlled magnetic hot-plate stirrer at 45 °C until 
complete hydration and homogenization. The 
rheological properties of the prepared solutions 
were evaluated at 25 °C using a controlled-stress 
rotational rheometer equipped with temperature 
control and suitable cone-and-plate or parallel-plate 
geometry. Dynamic oscillatory frequency-sweep 
measurements were performed within the linear 
viscoelastic region over an angular frequency 
range of 0.1–100 rad/s to determine the viscoelastic 
behavior of the samples, including storage modulus, 
loss modulus, and complex viscosity, following 
standard food rheology principles.15

Frequency Sweep  
The dynamic oscillatory rheological properties (the 
storage and loss moduli, G′ and G″ respectively) 
of jameed sample solutions were recorded using a 
Physica MCR 101 rheometer (Anton Paar) with a 
cone-and-plate geometry according to the procedure 
described by Rather et al.16 Before the frequency 
sweep experiments, an amplitude sweep (0.1–20 %) 
was performed at an angular frequency of 1 rad/s 
to establish the linear viscoelastic region (LVR). 
Frequency sweep measurements were taken at 1% 
strain amplitude in the range of 0.1 to 100 rad/sec 
and at a fixed temperature of 25 °C.

Temperature Sweep
The jameed samples were analyzed by temperature 
sweep tests from 10 °C to 80 °C with a heating rate 
of 0.5 °C/min, at an oscillatory frequency of 1 Hz 
and a strain amplitude of 5% following the method 
of Rather et al.17

Antioxidant Properties
The antioxidant capacity of jameed samples was 
determined by 2,2′-azino-bis-3-ethylbenzothiazoline-
6-sulfonic acid radical cation (ABTS+) and 
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical assays 
as follows:

ABTS Radical-Scavenging Capacity
1.0 grams of Jameed powder was extracted with 10.0 
mL of purified water in a 1:10 (w/v) concentration. 
The mixture was thoroughly dispersed, centrifuged 
(4000 rpm/30 min). The supernatant was collected 
and used for the ABTS assay.

To develop the ABTS radical cation (ABTS•+), an 
equal volume of a 7 mM ABTS solution and a 2.45 
mM potassium persulfate (K2S2O8) solution was 
mixed and allowed to stand in the dark at 25 ± 2 °C 
for 16 h. The ABTS•+ stock solution was diluted to 
an absorbance of 0.70 ± 0.02 at 734 nm by adding 
appropriate amount of ethanol.

For the present study, 100 μL Jameed extract was 
blended with 900 μL ABTS•+ working solution. The 
reaction mixture was placed in the dark at 25 ± 2°C 
for 6 minutes. The absorbance was measured at 734 
nm using a UV–visible spectrophotometer. For the 
control, 100 μL of distilled water was used in place 
of Jameed extract along with 900 μL of the working 
solution of ABTS•+. For sample blank, 100 μL of 
Jameed extract was mixed with 900 μL of ethanol. 
An absence of ABTS•+ was used to compensate 
for the sample's background absorbance. Sample 
absorbance was corrected with the following 
equation.

The antioxidant capacity of jameed powder was 
measured with reference to the Trolox calibrated 
curve. Results were converted into mg of Trolox 
equivalent per gram of jameed powder (mg TE/g) 
using the equation:
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where CTE is the Trolox equivalent concentration from 
the calibration curve, measured in mg/mL, Vextract is 
the total extraction volume, measured in mL, DF 
is the dilution factor, and msample is the mass of the 
jameed powder, measured in grams. Measurements 
were done in triplicate. The assay is based on the 
ABTS radical-cation decolorization assay, with some 
modifications to accommodate aqueous jameed 
extracts. Bonilla and Sobral18 described the use of 
this method of assessing antioxidants in a different 
food matrix. Thus, describing this procedure as an 
adapted method is valid.

DPPH Radical-Scavenging Activity
Jameed (1.00 g) was extracted by 10.0 mL of purified 
water on a sample-to solvent ratio of 1:10 (w/v). The 
mixture was disrupted by a Vortex- Genie 2 vortex 
mixer (Model G560E, Scientific Industries Inc., 
Bohemia, NY, USA), and the mixture was centrifuged 
(4000 rpm/30 min). The supernatant was collected 
for the analysis of antioxidants. A 60 μM DPPH 
working solution was prepared by dissolving the 
DPPH in ethanol. Jameed (1.5 mL) was incubated 
with 1.5 mL of the DPPH solution for one hour 
in the dark at 25 ± 2 °C. The absorbance was 
measured using a UV–visible spectrophotometer 
at a wavelength of 515 nm. The control and 
sample blank were prepared by the replacement of 
jameed extract with water and DPPH with ethanol 

respectively. The corrected sample absorbance was
calculated as:

Antioxidant capacity was measured from the 
calibration curve prepared and analyzed under 
the same conditions and expressed as mg TE/g of 
jameed powder.

Where CTE is the Trolox-equivalent concentration 
from the calibration curve in mg/mL, Vextract is the 
total extract volume in mL, SF is the total dilution 
factor, and msample is the mass of jameed powder 
extracted in grams. The assay was adapted from 
Dzięcioł et al.,19 with some modifications to account 
for aqueous jameed extracts.

This version omits the percentage-scavenging 
equation since the results are reported as Trolox 
equivalents only. Retain this equation when 
percentage inhibition is reported in the Results.

Table 1: Proximate composition, instrumental color analysis and 
water activity of jameed samples

	 Sample ID

Proximate composition	 MZ	 MS

Moisture (%)	 8.2±0.04B	 9.1±0.02A

Protein (%)	 54.0±0.05A	 53.0±0.04B

Fat (%)	 9.0±0.04B	 9.5±0.02A

Ash (%)	 11.0±0.02B	 12.0±0.01A

Instrumental color	 MZ	 MS
L*	 86.06±0.02B	 88.84±0.04A

a*	 0.89±0.02B	 0.97±0.01A

b*	 14.19±0.04A	 12.69±0.03B

Water activity (aw)	 0.117±0.01B	 0.164±0.01A 

Statistical Analysis
All assays were run triplicate. A one-way analysis 
of variance (ANOVA) was performed using SPSS 

statistical software (version 16.0; SPSS Inc., 
Chicago, IL, USA) to analyze the data.
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Results
Proximate Analysis
Moisture, Fat, Protein, and Ash content of MZ and 
MS jameed samples are shown in Table 1. MS 
jameed samples contained a significantly higher 
moisture content than MZ jameed samples. An 
increase in moisture content increases water activity 
of the sample and therefore, reduces the shelf-life 
and keeping quality of jameed.20 The protein content 
of the jameed samples was 53% to 54%. Compared 
to the MS sample, the MZ jameed sample had a 
higher protein content. The fat and ash contents of 
the MS and MZ jameed samples ranged from 9.0% 
to 9.5% and from 11% to 12%, respectively. The 
values showed significant differences between the 
two representative samples.

The data is shown as mean ± standard deviations 
(n=3). For every parameter, data superscripted with 
capital letters are significantly different (p<0.05).

Water Activity
The water activity (aw) values of the MZ and MS 
samples are presented in Table 1. The aw of the 
MS samples (0.164) was higher than that of the MZ 
samples (0.117).

Instrumental Color
Instrumental color analysis showed that MS jameed 
had a higher L* value (88.84) than MZ jameed 

(86.06), indicating a lighter and brighter appearance. 
The L* values obtained in the present study are 
consistent with the high-lightness range reported 
for dairy powders and light-colored cheeses. The 
a* parameter represents the green–red axis, where 
positive values indicate a shift toward redness. The 
MS sample showed a slightly higher a* value than 
the MZ sample, although both values remained close 
to neutrality, suggesting only a weak red tone. The 
MZ sample showed a higher b* value (14.19) than 
MS (12.69), indicating a more pronounced yellow 
tone. This may be associated with differences in 
milk composition, fat content, animal feeding system, 
carotenoid-related compounds, and/or thermal 
concentration during jameed processing.

FTIR Analysis
FTIR spectroscopy is a fundamental analytical 
tool that identifies the functional groups present 
in Jameed. The FTIR spectra of both the MZ and 
MS Jameed samples are shown in Figure 2. The 
spectra presented showcase the characteristic 
absorption bands corresponding to the predominant 
chemical components of Jameed—proteins, lipids, 
and carbohydrates. The main absorption peaks 
relative to the selected functional groups within the 
samples were found at 3269 cm-¹, 2927 cm-¹, 1625 
cm-¹, and 1529 cm-¹.

Fig. 2: FTIR analysis of jameed samples 
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Reheological Properties of Jameed
Flow Behavior
Figure 3 depicts the steady-shear flow curves for 
the reconstituted jameed powder dispersions. The 
magnitude and characteristics of the shear-stress 
response were considerably influenced by the 
source and concentration of the jameed powder. 
Importantly, the curves did not show a systematic 
ordering that depended on concentration. Among 
the MZ dispersions, MZ10 exhibited the greatest 

resistance to flow. The shear stress of MZ10 
dispersed rapidly to a maximum of approximately 
56 Pa with a shear rate of approximately 5 s-¹ and 
then decreased to about 8 Pa at a shear rate of 100 
s-¹. MZ4 exhibited the second greatest resistance to 
flow, with a shear stress of approximately 14–15 Pa, 
decreasing progressively with increasing shear rate 
for the remainder of the sweep. The dispersions of 
MZ2, MZ6, and MZ8 typically exhibited shear stress 
values of around 5 Pa or less.

Fig. 3: Steady-shear flow curves of reconstituted MZ (a) and MS (b) jameed powder 
dispersions prepared at 2%, 4%, 6%, 8%, and 10% (w/v).

A different response to the injected starch powders 
was also observed for the MS dispersions. The MS6 
sample reached the highest number, approximately 
2.4 Pa at 5 s-¹, before decreasing to the range of 
0.2–0.3 Pa at higher shear rates. The rest of the 
MS samples expressed significantly lower stress 
values, typically lower than 0.5 Pa, and exhibited 
minor variations over the entire tested shear rate 
range. Hence, Figure 3 does not illustrate a linear 
dependence of shear stress on increasing jameed 
powder concentration. The results indicate a flow 
response that is source and formulation specific, with 
MZ10 and MS6 dispersions exhibiting the most shear 
resistant flow structures of the dispersions studied.

The initial increase of shear stress and the 
subsequent decline are most pronounced for 
dispersions MZ10 and MS6. This is likely a result of 
the shear-induced disruption and rearrangement of 

the weaker, non-permanent, hydrated, protein-rich 
particle associations.

Power-law fitting resulted in coefficients of 
determination between 0.990 and 0.997 and, 
therefore, was kept as an empirical approximation 
of the flow response for the tested shear-rate range. 
The flow index, n, was approx. in the range of 0.061 
to 0.064 for MZ dispersions, whereas in the case 
of MS dispersions, n was in the range of 0.057 to 
0.574. For all the reported n values, MS dispersions 
exhibited shear thinning, but the extent of shear 
thinning was different for each MS dispersions. 
With respect to the power-law criterion, all n values 
reported for both MZ and MS dispersions were less 
than 1. Values of n near 0.06 exhibited strong shear-
dependent behavior, whereas an n value of 0.574 
was indicative of a relatively weak shear-thinning 
behavior that is still classified as non-Newtonian.
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Frequency Sweep
The reconstituted jameed powder dispersions' 
frequency-dependent storage modulus (G') and loss 
modulus (G″) are shown in Figure 4. The MZ samples 
generally exhibited a stronger viscoelastic response 
than the MS samples. MZ10 showed the highest 
moduli, with G"'" increasing from approximately 1200 
to 2850 Pa and G"″" from approximately 300 to 800 
Pa over the tested angular-frequency range. MZ4 
exhibited the second-highest response, reaching 
approximately 1400 Pa for G"'" and 400 Pa for G"″" 
at 100 rad s-¹. In both formulations, G"' " remained 
substantially greater than G"″" , indicating an elastic-
dominant, structured dispersion. The markedly 

lower moduli of MZ2, MZ6, and MZ8 indicated 
comparatively limited network development.

Among the MS dispersions, MS6 produced Among 
the MS dispersions, MS6 produced the strongest 
structure, with G"' " increasing to approximately 105 
Pa and remaining higher than G"″" , which reached 
approximately 22 Pa. MS8 also showed elastic 
dominance but at lower modulus values. Conversely, 
MS4 and MS10 exhibited weak storage moduli and 
a pronounced increase in G"″" at higher frequencies, 
indicating that viscous energy dissipation became 
more influential under rapid oscillatory deformation.

Fig. 4: Frequency-dependent storage modulus (G"'" ) and loss modulus (G"″" ) of reconstituted 
jameed powder dispersions: MZ G"'" (a), MZ G"″" (b), MS G"'" (c), and MS G"″" 

(d) at powder concentrations of 2%, 4%, 6%, 8%, and 10% (w/v).

Temperature Sweep
The temperature sweep assessment was 
accomplished to evaluate the thermal stability and 
heat-induced structural changes of the reconstituted 
jameed powder dispersions (Figure 5). In oscillatory 
rheology, changes in the storage modulus (G′) 
and loss modulus (G″) reflect the response of the 
protein–fat–mineral matrix to heating. The storage 
modulus (G′) represents the elastic or recoverable 

component of the structure, whereas the loss 
modulus (G″) represents the viscous constituent 
related to energy dissipation. For the MZ samples, 
formulation MZ10 exhibited the most pronounced 
temperature-dependent rheological response. 
Both G′ and G″ decreased between 10 °C and 
approximately 50–60 °C, followed by a marked 
increase at higher temperatures.
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Fig. 5: Temperature-dependent viscoelastic behavior of reconstituted MZ and 
MS jameed powder dispersions. 

Fig. 6: DPPH and ABTS antioxidant capacities of MZ and MS jameed powders, expressed as 
milligrams of Trolox equivalents per gram of powder (mg TE/g). Bars represent mean 

± SD ($n = 3$). Different uppercase letters within the same antioxidant assay 
indicate significant differences between samples ($P < 0.05$).

The distinct increase in the modulus with temperature 
in the MZ6 sample was also noted. However, the 

response of MZ6 was lower than the response of 
MZ10. The response of the remaining samples, MZ2, 
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MZ4, and MZ8, was even lower and was more or 
less stable with thermal induced structural change. 
The thermal response of the MZ samples depended 
on the organization of the microstructure and the 
concentration of the dispersed solids. The response 
of MZ10 is more favorable with the formation of heat 
induced networks in food systems.  Across most of 
the temperature range, the MZ samples had higher 
values of G′ and G″ than the MS samples. Between 
10 °C and approximately 50 °C, the MS samples 
were weakly structured and showed only small 
changes in the viscoelastic moduli. In the samples 
MS8 and MS10, in the range of 50 °C to 60 °C, the 
largest increase in G′ and G″ was again observed.

Antioxidant Activity
The DPPH and ABTS antioxidant capacities of the 
MZ and MS jameed powders are presented in Figure 
6. The MZ sample exhibited a significantly higher 
DPPH antioxidant capacity than the MS sample, 
with values of 20.13 and 18.27 mg TE/g, respectively 
(P<0.05). Similarly, the ABTS antioxidant capacity 
was significantly higher in MZ than in MS, reaching 
21.44 and 20.12 mg TE/g, respectively (P<0.05). 

These differences are indicated by the different 
lowercase letters within each antioxidant assay in 
Figure.

Discussion
The significant differences in protein content in 
jameed samples could be a result of the differences 
in feeding patterns and the nutritional condition of 
the lactating animals.21 Comparable findings were 
reported by Al-Qudah YH, Tawalbeh22 in various 
jameed products manufactured from different types 
of milk. The values fat and ash are slightly lower than 
those documented by Al-Qudah and Tawalbeh,22 who 
reported a fat content of 18–33% in jameed produced 
from the milk of various dairy animal species. 
Comparable findings were reported by Tiwari et al.,23 
in semi-soft milk cheese. Duarte et al.,24 documented 
a water activity of 0.90 in raw whey-based cheese 
samples. An increase in water activity is associated 
with reduced storage stability and a shorter shelf 
life of jameed.23 Elevated water activity in cheese 
promotes lipid oxidation and microbial spoilage, 
thereby decreasing the product’s shelf life.25

The difference in color may be related to variations in 
the manufacturing and drying conditions, particularly 

heating temperature and drying duration. Greater 
thermal exposure during jameed preparation 
can reduce lightness through moisture loss, 
concentration of solids, and possible non-enzymatic 
browning reactions, whereas milder or more uniform 
drying may help maintain a whiter appearance. 
Milovanovic et al.,26 reported L* values of 88.6 
± 10.1, 89.2 ± 6.0, and 87.9 ± 3.6 for cow, goat, 
and sheep milk powders, respectively. They also 
reported that goat cheese had high lightness values 
(L* = 87.1 ± 14.8), which supports the interpretation 
that the present jameed samples are highly light-
colored dairy products. Carotenoids should not 
be described as being “included in the a* value”; 
rather, carotenoid-rich dairy matrices may contribute 
to yellow-orange color development, which can 
influence both positive b* and, to a lesser extent, 
positive a* values depending on pigment type 
and concentration. In contrast, the b* parameter 
represents the blue–yellow axis, and positive b* 
values indicate yellowness. Milovanovic et al.,26 
reported b* values of 11.8 ± 6.1, 11.0 ± 2.8, and 
8.8 ± 6.5 for cow, goat, and sheep milk powders, 
respectively, while cow cheese showed higher 
yellowness (b* = 17.4 ± 10.0). These values indicate 
that the yellowness observed in the present jameed 
samples falls within the general range reported for 
dairy powders and some cheeses. Moreover, milk 
carotenoid content is affected by feeding conditions, 
especially the availability of fresh forage; Kelava 
Ugarković et al.,27 reported β-carotene, lutein, 
zeaxanthin, and retinol concentrations in Jersey milk 
of 4.15 ± 0.27, 4.43 ± 0.40, 0.97 ± 0.04, and 2.56 
± 0.29 µg/100 mL, respectively, and found positive 
correlations between b* values and both β-carotene 
and lutein concentrations. Therefore, the higher b* 
value in MZ may reflect differences in the raw milk 
matrix and/or processing conditions rather than a 
single factor alone.

Similar results of FTIR were obtained by Tarapoulouzi 
et al.,28 in various cheese matrices. The broad band 
at 3269 cm-¹ is due to the combined stretching 
vibrations of hydroxyl (-OH) groups due to water or 
carbohydrates, plus N-H stretching of amide groups. 
Foda et al.,29 noted bands between 3330-3060 
cm-¹ in the FTIR spectra of white soft cheeses. The 
presence and prominence of this band in Jameed 
means that it has high moisture content and/or 
strong hydrogen bonding interactions. The band 
at 2927 cm-¹ is due to asymmetric and symmetric 
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stretching vibrations of C-H bonds, which in this 
case, is due to incorporation of fatty acids, lipids, 
and proteins.30 The level of this band FTIR reflects 
fat content of Jameed and bands’ FTIR different 
intensities represent difference in amount and type 
of lipids incorporated. The proportions of saturated 
and unsaturated fatty acids, or the presence of both, 
may result in minor shifts of this band and affect the 
transmittance.31

The absorption band seen around 1625 cm-¹ 
corresponds to the amide I band, which, for the 
protein backbone, is sensitive to the peptides’ 
secondary structure and arises mainly from the 
C=O stretching. Some amide-related features in the 
spectra have been noted in cheese, although the 
position and intensity of the spectral features differ, 
representing the different compositions, processing, 
and different protein network structures.32,33 The 
intensity, position, and width of the amide I band 
can help describe the protein network structure and 
the effect of the fermentation, drying, and milling 
processes on its structure2. The band observed 
around 1529 cm-¹ can be assigned to the amide 
II region and arises from N–H bending and C–N 
stretching. This supports that protein structures 
have an influence in the spectra of jameed; however, 
the band does not show any of the product amino 
acids and it does not show any of the peptide 
segments/protein fractions in the jameed without 
complementary separation analyses. Dispersions of 
concentrated casein that exhibit weak shear flow may 
form a partially aggregated state with the dispersed 
casein particles that is shear resistant. However, as 
the applied shear rate is increased, the dispersed 
casein particle structures may become oriented 
and flow may be disrupted.34,35 Variations in protein 
hydration, mineral balance, particle aggregation, and 
reconstitution may explain the lack of simple or direct 
dependency between jameed powder and the shear 
stress relationship. However, as noted in Figure 3, a 
discontinuous increase in shear rate should not be 
equated to thixotropic behavior. Proof of thixotropic 
behavior would be to illustrate the time-dependent 
structural recovery of the dispersions, for instance by 
performing a shear rate recovery test, or a thixotropic 
test wherein a shear rate is applied in a step manner. 
The broad range of n values for MS is in agreement 
with the large differences of flow behavior for MS 
samples and may represent relatively significant 
fitting uncertainty for dispersions exhibiting low shear 

stress. Consequently, the reported n value should be 
considered for each formulation, and not as evidence 
for a particular concentration-dependent effect. 
Also, the n value should be considered along with 
K, the consistency coefficient. For this reason, the 
previously stated unqualified assumption regarding 
the significant and systematic increase of K between 
2% and 10% powder concentration was eliminated, 
as such an assumption was not supported with the 
flow curves presented in Figure 3.

The increase in both moduli with angular frequency 
indicates that the dispersed structures had less time 
to rearrange or relax as the oscillation rate increased. 
The particularly high moduli of MZ10 and MZ4 
suggest greater particle connectivity and resistance 
to deformation, potentially arising from differences in 
casein aggregation, mineral-mediated interactions, 
particle hydration, and the effective volume 
occupied by the reconstituted solids.36,37 However, 
the concentration effect was non-linear: MZ10 and 
MZ4 were the strongest MZ formulations, whereas 
MS6—not MS10—showed the highest MS moduli. 
Thus, the viscoelastic behavior was governed by the 
physicochemical state of the reconstituted particles 
rather than powder concentration alone.

A higher G′ than G″ denotes a principally elastic 
or solid-like response within the tested linear 
viscoelastic region, while an increase in G″ reflects 
greater viscous dissipation and molecular mobility. 
This interpretation corresponds with the general 
rheological behavior of structured dairy systems, 
where dominance of G′ over G″ is linked with 
stronger internal network formation and higher 
resistance to deformation.38,39

The initial decrease is indicative of thermal softening 
of the jameed matrix, most likely attributable to 
disruption of weak intermolecular interactions, 
enhanced molecular mobility, and the melting 
or structural reorganization of fat-associated 
domains. Comparable temperature-induced 
softening phenomena have been documented in 
cheese systems, particularly in fat-rich matrices, 
where heating initially reduces elastic resistance 
prior to subsequent structural rearrangement or 
aggregation.39,40 Above approximately 60 °C, the 
rapid increase in G′ and G″, especially in MZ10, 
suggests heat-induced reinforcement of the 
dispersed matrix. This behavior may be related to 
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enhanced protein aggregation, stronger hydrophobic 
interactions, and increased association among 
casein-rich particles upon heating.

In systems where food requires a thickening of the 
structure with the application of heat, the response 
of MZ10 would be favorable. The response of the MZ 
samples is also favorable with the application of heat 
in dairy systems. The response of the MZ samples 
would also be favorable with the application of heat 
in cheese and in MZ systems with higher fat levels 
as G′ and G″ would be higher in the MZ systems 
with higher fat levels.39

Although structurally MS is reasonably stable, it 
appears to undergo some thermal restructuring, 
particularly since the reduced modulus values of 
MS suggest that the protein-fats matrix is weak 
or not fully developed. This could be related to 
hydration of the protein, compositional differences, 
the distribution of the particles, design equilibrium of 
the minerals, and the degree of protein aggregation 
post powder reconstitution, among other factors. 
The altered viscoelastic characteristics of the dairy 
matrices have been attributed to changes in the 
strength of protein matrices, fat content, and the 
degree of molecular interactions.39,40

From the temperature sweep, it was confirmed 
that the MZ jameed powders were more thermally 
responsive with a more pronounced elastic 
viscoelastic character than the MS powders. In the 
most structured treatments, the dominance of G′ 
over G″ suggests that the dispersions were primarily 
elastic in character. This does not imply that there 
is full recovery of the structure after all types of 
deformation. Rather it suggests that, in the range 
of linear viscoelasticity, the elastic component was 
greater than the viscous component. This is a typical 
rheological behavior of dairy matrices that have a 
protein network that is developed with a high degree 
of molecular interaction.38,39 With this consideration, 
MZ powders could be used for applications that 
require higher thermal stability and more structure, 
whereas MS powders could be used in applications 
that are more soft and easily pourable.

The higher antioxidant capacity of MZ may be 
associated with differences in milk composition 

and manufacturing history, including fermentation 
conditions, drying practices, salt–mineral balance, 
and storage before analysis. These factors may 
influence the production, retention, and stability of 
water-soluble antioxidant constituents during jameed 
manufacture, although their individual effects were 
not evaluated in the present study. The antioxidant 
contribution of jameed to formulated food products 
has also been reported by Hussein et al.41 while 
fermentation duration and the metabolic activity 
of specific lactic acid bacteria may influence the 
formation of antioxidant peptides and organic acids, 
as described by Khubber et al.42

The antioxidant capacity of whole jameed powder 
should not, however, be interpreted as directly 
proportional to the activity of isolated peptide 
fractions. The response of the aqueous powder 
extract represents the combined contribution of 
soluble peptides, proteins, organic acids, and other 
redox-active-matrix constituents, in addition to the 
effects of extraction and assay conditions. Therefore, 
comparisons with isolated peptide fractions should 
be made cautiously. Owing to the limited literature 
on the rheological and structural behavior of 
reconstituted jameed powder, selected cheese 
and concentrated dairy-protein systems were used 
for contextual comparison because they contain 
comparable casein-rich matrices; nevertheless, 
differences in processing, moisture, salt content, 
and product structure preclude direct equivalence.

Conclusion
The jameed powders from northern (MZ) and 
southern (MS) Jordan possessed different 
physicochemical, rheological, and antioxidant 
properties. After being reconstituted, the dispersions 
exhibited shear-thinning behavior with elastic 
dominance, and the structural development of the 
dispersions did not increase consistently with the 
concentration of the jameed powders. In general, 
the dispersions of jameed from northern Jordan 
exhibited stronger rheological responses, and 
among all of the samples, the jameed powder from 
northern Jordan (MZ10) had the greatest resistance 
to deformation and exhibited the most pronounced 
heat-induced strengthening. The differences in 
rheological behavior of the jameed powders likely 
stem from differences in jameed composition, the 
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degree of particle hydration, and the interactions of 
protein and the jameed powder minerals.

These results suggest that jameed, even after 
extensive milling, retains measurable antioxidant 
capacity and forms structured dispersions with 
properties that are promising for its use as an 
ingredient in powdered dairy systems. However, 
the results presented here are based on only a few 
traditional samples, and thus are not representative 
for all jameed produced in the two sampling regions. 
In order to assess the industrial applicability of 
jameed, additional sampling and jameed evaluation 
for reconstitution, sensory characteristics, microbial 
stability, and behavior within other formulated food 
products are warranted.
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