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healthy jam, This study aimed to develop a nutritionally enhanced strawberry jam by partially replacing sugar with psyllium husk, a func-
low sugar, dietary tional dietary fiber known for its water-binding and gel-forming capabilities. Three reduced-sugar formulations (Trials 1-3)
fibers, health containing 25 % psyllium husk solution and varying sugar concentrations (12 %, 26 %, and 30 %) were compared to a traditional
promotion, control jam (66 % Brix). The impact of psyllium inclusion on the physical, chemical, microbiological, and sensory properties of
food formulation the jams was evaluated. Sensory analysis was performed by a trained panel of 20 consumers using a 9-point hedonic scale to

assess appearance, flavor, odor, spreadability, and overall acceptability. Results showed that psyllium-enriched formulations
had significantly lower Brix, total carbohydrates, ash content, and estimated caloric values, while fiber content increased up
to 1.05 g/100 g. The pH of all samples remained below 3.0, ensuring microbial safety, with total plate counts <1.0 log CFU/g
across all treatments. Instrumental color analysis indicated improved lightness and redness in fiber-enriched samples. Among
the tested samples, Trial 3 (30 % sugar, 25 % psyllium husk solution) achieved the highest sensory scores and reached a final
Brix value of 63 %, making it the most acceptable formulation. These findings demonstrate that psyllium husk can successfully
replace part of sugar while enhancing nutritional value, texture, and palatability. The optimized formulation shows promising
potential for commercial application in producing healthier, low-calorie fruit preserves.
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Kadenpa nuueBsix HayK, Cenbckoxo3siicTBeHHbIN hakyapTeT, Kaupckuit yausepcurer, ['m3a, Eruner

OTKPBITBIA JOCTYI

K/IIOYEBBIE C/IOBA: AHHOTALIU A

nonesHwlii 0ns Llenbio JAaHHOTO MCC/IeNOBaHMs OblIa pa3paboTKa 060raleHHOTO HyTPUEeHTaMy KITyOHUYHOTO [)KeMa C YaCTUYHOI 3aMe-
300p08bs1 OdceM, HOJ caxapa Ha IIeJyxy CeMSIH MOJOPOKHMKA — QYHKIVOHAIbHBIX MUIEBbIX BOTIOKOH, MU3BECTHBIX CBOVIMM BOJOCBSI3bIBA-
HU3Koe codepxcaHue IOLIMMU U Tesie06pasyoiuMu cBoiictBamu. [IpoBeieHO CpaBHEHNE TPEX PEIeNTyp ¢ MOHVKEHHBIM COJlepskaHMeM caxapa
caxapa, (ombIThI 1-3), cogepkamux 25 % pacTBopa IMIeyxy CeMsIH IOL0POKHUKA U pa3jiMyHble KOHIeHTpauu caxapa (12 %, 26 %,
CmMuMyauposaHue 1 30%) ¥ TPaAUIMOHHOTO KOHTPOJIBHOTO JixkeMa (66 % Bpukc). OLeHUBaIM BAUSIHME BKIIOUEHMS MOJOPOKHUKA Ha (u-

300poebs, peyenmypa  3udYeCKUe, XMMUUECKMe, MUKPOBMOIOTMYECKME Y OPraHoMeNTUUECKMe CBOCTBA MKkeMOB. OpraHoNenTMUecKuii aHaans

nuwesozo npodykma  Gbla MPOBeIeH 00yYeHHOV JeryCcTalyMOHHOl KoMuccueii u3 20 morpe6uresneii, UCHONb3ys HeBATUOAIbHYIO TeTOHUCTI-
YeCKyIo IIKaJy JJIsl OLleHKY BHEIIHero Bua, gueiBopa, 3amaxa, CliocoOHOCTY K HAMa3bIBAHUIO U 06Ieli TPMeMaeMOCTH.
Pe3ynbTaThl 1MOKa3ajay, YTO 06OTAIIeHHbIE MOJOPOKHMKOM PEIEeNnTypbl MMeIOT 3HauuMMo 6ojiee HU3KMEe YPOBHU Bpukc,
061X YIVIEBOOB, COleP)KaHMsI 30JIbI M OLl@eHEHHbIE YPOBHM KAJIOPUii, B TO BPeMsI Kak CoJepsKaHue KIeTYaTKU YBeTuun-
sochk 10 1,05 1/100 r. YpoBHM pH Bcex 06pa3iioB ocTaBaauch Hke 3,0, o6ecrieunBas MUKPOOMOIOTMUECKYIO 6€30M1aCHOCTh
¢ 0OUMM KOJIMYECTBOM MMKPOOPTaHM3MOB, ONPEeNeHHbIM YalieyHbiM MeTonoMm, <1,0 log KOE/r Bo Bcex o6paboTKax.
VHCTpYyMEHTATbHBIM aHaIN3 [[BETa MOKa3as YIYYIIeHHYIO CBETIOTY M KPACHOTY B 0OOralieHHbIX BOJIOKHaMM 06pa3iax.
Cpeny TecTMPOBAHHBIX 06pa31oB, ombIT 3 (30 % caxapa, 25 % pacTBopa LIeTyXM CEMSIH ITOJOPOXKHMKA) ITOJTYIMIT HAUBBIC-
e 6auIbl OPraHoONeNTIYeCKOM OIeHKM Y JOCTUT KOHEUHOT0 YPOBHS Bpukc 63 %, uTo menaet ero Hanbosee npueMaeMoin
peLenTypoit. DT pe3yabTaThl JeMOHCTPUPYIOT, UTO IIeTyXa CeMSH ITOLO0POXKHMKA MOXKET YCIIeITHO 3aMeHUTh YacTh caxa-
pa mpy MOBBILIEHUY UTATENbHOI LIEHHOCTH, TEKCTYPBI M BKYCOBBIX KauecTB. ONTUMMU3MPOBAHHAS pelenTypa obnagaer
MOTEHIMAIOM JJisI KOMMEPUECKOTO ITPUMeHEHUS TIPU MMPOMU3BOACTBE Oojiee TMOJIe3HbIX, HU3KOKAJIOPUINHBIX (PPYKTOBbIX
KOHCEpBOB.
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1. Introduction

Strawberries (Fragaria x ananassa), members of the Rosaceae family,
are among the most widely consumed berries worldwide and are exten-
sively used in the production of jams, ice creams, and juices due to their
appealing flavor, vivid red color, and nutritional richness. Strawberry
cultivation is highly adaptable to diverse climates and is characterized
by high yield potential. Egypt ranks among the top 15 global strawberry
exporters and is the leading producer in Africa, with production reaching
approximately 638,000 tons in 2022, showing robust annual growth in
both cultivated area and yield. The continuous development of Egypt’s
strawberry sector has been driven by technological improvements and
increasing global demand, consolidating the country’s position as a ma-
jor player in international strawberry markets [1-4]. Strawberries con-
sist primarily of water (91 %) and carbohydrates (7.7 %), and are rich in
vitamins, polyphenols, and dietary fiber [5]. Their bioactive components
contribute to various health benefits, including antioxidant activity, anti-
inflammatory effects, improved vascular function, and reduced LDL oxi-
dation — factors linked to the prevention of chronic diseases such as car-
diovascular disorders and certain cancers. Numerous studies have shown
that phenolic compounds, anthocyanins, and vitamin C in strawberries
play a significant role in the reduction of oxidative stress, amelioration
of lipid profiles, inhibition of inflammatory pathways, and protection
against the proliferation of cancer cells [6,7]. However, due to their high
perishability, strawberries are often processed into shelf-stable products
such as jams to reduce postharvest losses while preserving their nutri-
tional value. Strawberries spoil rapidly after harvest because of their deli-
cate skin, high respiration rate, and susceptibility to microbial contami-
nation, so processing into jams and similar products is a well-established
strategy to extend usability and minimize waste without significantly
compromising key nutrients [8,9].

Jam is a widely consumed fruit preserve prepared by heating fruit
pulp with sugar, pectin, and acid to create a stable gel matrix. Conven-
tional jams typically contain high levels of added sugars, commonly
reaching up to 65 % Brix, which serve crucial roles in ensuring microbial
stability, gel structure, and overall palatability. Despite their favorable
sensory attributes, these elevated sugar contents have raised health
concerns due to their association with an increased risk of noncommu-
nicable diseases (NCDs) such as obesity, type 2 diabetes, and cardiovas-
cular disorders. The growing awareness of these health risks is driving
demand for fruit preserves with reduced sugar content and enhanced
nutritional value [10].

According to the World Health Organization (WHO), global per capita
sugar consumption exceeds 50-100 grams per day in many countries,
which is about twice the recommended limit of less than 10% of total
daily energy intake. Reducing free sugar intake to below 5 % of total daily
energy intake, roughly 25 grams (6 teaspoons) per day for adults offers
additional health benefits, such as lowering risks of overweight, obesity,
tooth decay, and noncommunicable diseases. These recommendations
are supported as a long-term public health goal by both WHO and FAO,
and have been jointly reiterated in their latest nutrition guidelines and
action plans. High sugar consumption is strongly associated with obesity,
type 2 diabetes, metabolic syndrome, dental caries, and cardiovascular
disease. These alarming trends have led consumers and industry stake-
holders to seek healthier alternatives that reduce sugar without compro-
mising product quality [11-14].

In response, the incorporation of dietary fibers into food formula-
tions has gained increasing attention. Fiber intake is essential for diges-
tive health, glycemic control, and satiety, yet global intake remains below
recommended levels, 21-25 g/day for women and 30-40 g/day for men.
Among functional fibers, psyllium husk (derived from Plantago ovata)
stands out due to its unique composition (approximately 35 % soluble and
65 % insoluble fiber) and exceptional water absorption capacity [15,16].
Its gelling, emulsifying, and stabilizing properties make it an ideal clean-
label ingredient in low-calorie food products [17].

Psyllium husk is widely recognized for its ability to improve the tex-
ture and increase the dietary fiber content in both bakery and extruded
products. Its safety has been affirmed by the FDA, and its use in food is
well established, particularly for supporting cardiovascular and digestive
health. Additionally, psyllium husk maintains excellent stability under
heat and varying pH levels, making it a suitable ingredient in jam pro-
cessing and other thermal applications [18,19].

This study aims to develop a healthier, lower-calorie strawberry jam
by partially replacing added sugar with a 25 % psyllium husk solution. The
optimized formulation specifically targets a significantly reduced sugar
content (30% versus the conventional 60—65 %) while maintaining criti-
cal quality attributes — including total soluble solids (Brix), pH, textural
integrity, and desirable sensory attributes. By incorporating psyllium

husk as a source of functional soluble fiber, the research seeks to enhance
the nutritional value of the jam, promoting potential physiological ben-
efits associated with increased dietary fiber intake. The overarching ob-
jective is to produce a functional fruit preserve that combines improved
healthfulness and consumer acceptability, thereby fulfilling the expand-
ing market demand for clean-label, fiber-enriched, and nutritionally su-
perior fruit-based products.

2. Objects and methods

2.1. Ingredients used in jam preparation

Strawberries (Fragaria x ananassa) were selected as the primary fruit
due to their balanced pectin and sugar content, which support proper
gel formation. Fresh strawberries, stored at 4°C prior to processing,
enabled a 1:1 fruit-to-sugar ratio, contributing to the desirable consis-
tency and typical physicochemical profile of strawberry jam (60-65 %
TSS, pH ~3.3). The final product was stored at 20 °C for shelf stability.
Sugar (high-purity, bright white) served multiple functions, including
sweetness, gel formation, and microbial stability. The traditional jam
formulation (as a control sample) relies on high sugar concentrations
(60-65 % Brix). However, to reduce caloric content, this study decreased
sugar levels by 45%. Despite the reduction, sugar’s role in achieving
proper Brix values and sensory quality was maintained by combining it
with psyllium husk as a natural gelling agent. Citric acid was incorpo-
rated at 2 g/kg of added sugar, following established formulations [20],
and added at the final stage of cooking to prevent sugar crystalliza-
tion and enhance gel structure. Its inclusion improved flavor, micro-
bial safety, and pH balance, supporting effective gel formation [21].
Psyllium husk (Plantago ovata), obtained from local suppliers in Egypt
(e. g., Pyramids Herbs, Herbs Oasis, El Badr for Import and Export, Nile
Herbal), was used as a clean-label gelling agent. Containing approxi-
mately 87.3% dietary fiber and known for its high-water absorption
capacity (absorbing up to 45 times its weight), psyllium husk provides
a gel-like texture while supporting satiety and health benefits [22,23].
A 25:1 water-to-husk ratio was used to hydrate the psyllium, which was
then incorporated into the jam mixture to compensate for the reduced
sugar and maintain traditional jam texture and consumer acceptability.
An overview of the study design is shown in Figure 1.

citric acid + psyllium husk solution +water

|

( Samples with an increasing concentration
of sugar 12%, 26% and 30%
with a constant amount of psyllium husk
solution 25%

I
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Storage in a dry environment as normal
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Figure 1. Overview of the study design
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2.2. Jam preparation

Fresh, high-quality strawberries (Fragaria x ananassa), locally known
as ‘Baladi Strawberries’, were selected, washed thoroughly, decrowned,
and cut into small pieces. The fruit was blended with sugar (55 % of the
total mixture weight) and simmered with continuous stirring to promote
pectin release. Citric acid was added to improve texture and prevent crys-
tallization. Psyllium husk quality was assessed via sensory evaluation and
water absorption testing to confirm its gelling capacity. A psyllium gel
was prepared using 25 mL of warm water per gram of husk, and 45 % of
this solution (relative to the sugar content typically used) was incorpo-
rated into the jam formulation. The mixture was boiled until the total
soluble solids (TSS) reached 63 % Brix at 20 °C. The psyllium solution was
then combined with the cooked strawberry blend, and the jam was rapidly
concentrated. Foam was removed, and citric acid was added as a preserva-
tive. The final product was hot-filled into sterilized jars at 104 °C, inverted
to sanitize the lids and create a vacuum seal, then cooled to 4 °C. Samples
were stored in a dry environment and subjected to physicochemical, mi-
crobiological, and sensory evaluations. The following table shows the for-
mulations of the control and trials (Table 1).

Table 1. Control and trials of strawberry jam enriched
with psyllium husk)
Ta6muua 1. KOHTponbHbIE 06pa3nbl U ONBITHBIE 00Pa3Iibl KITYOHUYHOTO
JJKeMa, OGOI'aIIIEHHOI‘O menyxoi/i CeMSsIH IIOAOPOKHUKaA

Components (%)

Samples .

’ Strawberry Sugar Water added Psysl(l)ll‘lllrgol;“Sk
Control 45 55 0 0
Trial 1 45 12 18 25
Trial 2 45 26 4 25
Trial 3 45 30 0 25

2.3. Physical and chemical analysis

2.3.1. Brix determination

The Brix percentage (%), representing the concentration of total sol-
uble solids (TSS) in an aqueous solution, serves as a key indicator of jam
sweetness and overall quality. In this study, various sugar concentrations
(12%, 26 %, and 30 %) were evaluated to identify the optimal Brix value
for low-sugar jam formulations, while maintaining the psyllium husk so-
lution at a constant 25% concentration. Brix values were measured us-
ing a handheld ATC refractometer (ATAGO CO., LTD., Japan) at 20°C. A
small aliquot of each jam sample was deposited onto the prism surface
of the refractometer, the cover was gently closed to distribute the sample
evenly, and the device was held perpendicular to a light source. The Brix
reading was obtained by observing the demarcation line on the internal
scale. This procedure enabled precise quantification of TSS, thereby fa-
cilitating the selection of the optimal sugar content for health-oriented
jam formulations.

2.3.2. Water absorption capacity

The water absorption capacity (WAC) of psyllium husk is a fundamen-
tal property that contributes to its bulking effect and gelling ability. Psyl-
lium husk is known to absorb approximately 45 mL of water per gram.
The WAC was assessed following the method reported by Chen et al. [16],
wherein 1 g of psyllium husk was combined with 10 mL of distilled water
under continuous stirring until saturation. The additional volume of wa-
ter required to fully hydrate the husk was recorded, providing an empiri-
cal measure of its absorption capacity. Figure 2 illustrates the psyllium
husk solution.

2.3.3. Color measurement

Color is a critical sensory attribute that directly influences consumer
acceptance. The color stability of jams can be affected by factors such as
pH, exposure to light and oxygen, thermal processing, enzymatic brown-
ing, and sugar degradation [24]. The color of the psyllium husk-enriched
jam was analyzed using a colorimeter CHROMA METER CR-410 (Konica

Figure 2. Psyllium husk solution
PucyHoK 2. PacTBOp 1Iexyxy ceMsiH IOJOPO’KHUKA

Minolta). Prior to measurement, the instrument was calibrated using
standard white and black tiles. Color was assessed using the CIE Lab* sys-
tem: L* denotes lightness (0 = black, 100 = white), a* indicates red-green
chromaticity (positive = red, negative = green), and b* represents yellow-
blue chromaticity (positive = yellow, negative = blue). This analytical pro-
tocol ensured reproducible and objective color evaluations.

2.3.4. pH determination

Pectin gelation in fruit-based jams is pH-dependent, with an optimal
range of 2.8-3.5, as defined by the CODEX Standard for Jams (Fruit Pre-
serves) and Jellies [25]. The pH of the strawberry jam formulations was
determined using a calibrated Jenway Model 3305 pH meter (Jenway, UK).
For each measurement, 1 g of the jam sample was diluted in 10 mL of
distilled water and gently homogenized. The probe was immersed in the
solution at ambient temperature (25-26 °C), and pH values were recorded
after stabilization.

2.3.5. Total carbohydrates

Total carbohydrate content, reflecting the concentration of mono- and
disaccharides such as glucose, fructose, and sucrose, was quantified us-
ing the phenol-sulfuric acid colorimetric method developed by Dubois et
al. [26]. A 100 pL aliquot of each extract was mixed with 1 mL of 5% phe-
nol solution and 5 mL of concentrated sulfuric acid. The reaction mixture
was allowed to cool to room temperature, and absorbance was measured
at 490 nm using a UV-Vis spectrophotometer Jenway 6715 (Jenway, UK).
D-glucose was used as a standard for calibration, and results were cal-
culated using the regression equation Y = 92.804x + 0.6703 (R? = 0.995),
expressed as grams per 100 grams of sample.

2.3.6. Crude fiber

Crude fiber, a non-digestible component beneficial for gut health
and microbial fermentation, was measured using the Weende method
AOAC [27]. The procedure involved sequential acid (1.25% H2SO4) and
alkaline (1.25 % NaOH) hydrolysis to eliminate digestible carbohydrates.
The remaining residue was incinerated at high temperature in a muffle
furnace Vulcan A-550 (Degussa-ney dental Inc., USA), followed by drying
in a convection oven Binder FD53 (Binder, Germany). The resulting ash-
free residue represented the crude fiber content.

2.3.7. Ash content

Ash content, representing the total mineral residue remaining after
complete combustion of organic matter, was determined using the stan-
dard AOAC method [27]. Samples were subjected to dry ashing in a muffle
furnace Vulcan A-550 (Degussa-ney dental Inc., USA) at 500-600 °C. The
organic matter was incinerated in the presence of oxygen, resulting in the
release of CO. and N», along with volatilization of water and organics.
The residual ash was weighed using an analytical balance Shimadzu ATY
Series (Shimadzu, Japan) and expressed as a percentage of the original
sample mass.

2.4. Microbiological analysis

The Total Plate Count (TPC) method was used to quantify microbial
load, including bacteria, yeast, and mold, as an indicator of product safety
and hygiene. The analysis employed the pour plate technique using Plate
Count Agar (PCA). Serial dilutions (5-10-fold) of each sample were pre-
pared in sterile saline. A 1 mL aliquot from each dilution was aseptically
transferred to a sterile Petri dish, followed by the addition of 15-20 mL of
molten PCA. Plates were incubated in an incubator Memmert IN30 (Mem-
mert GmbH, Germany) in an inverted position at 30 °C for 24-48 hours.
Colony-forming units (CFUs) were enumerated post-incubation. The mi-
crobiological assessments were conducted under controlled conditions
(ambient temperature 22.5 °C; relative humidity 42.1 %) [28].

2.5. Sensory evaluation

A structured sensory analysis was conducted to assess consumer per-
ception and preference between the control (conventional jam) and the
developed psyllium-enriched jam. A total of 20 trained panelists evalu-
ated samples based on five attributes: appearance, flavor, aroma, spread-
ability, and overall acceptability. The evaluation employed a 9-point
hedonic scale (1 = “dislike extremely” to 9 = “like extremely”) [29]. Panel-
ists were provided with individual plastic spoons and paper ballots for
scoring, and a cup of water was supplied to cleanse their palates between
samples. Notably, color perception was strongly influenced by the pres-
ence of anthocyanins, plant-based pigments responsible for the char-
acteristic red hue of strawberries and known for their antioxidant and
protective functions.

2.6. Statistical analysis
All quantitative data were statistically analyzed using one-way anal-
ysis of variance (ANOVA) to determine significant differences among

578



BatoMn A. A. v ap. | MALLEBBIE CUCTEMDbI | Tom 8 No 4 | 2025 | C. 576-582

treatment groups. This method allowed for the comparison of mean val-
ues across the control and psyllium-enriched jam samples. Differences
were considered statistically significant at p < 0.05. The ANOVA analysis
provided a robust statistical basis for evaluating consumer acceptance
scores, chemical composition, and microbiological data across multiple
replicates [30].

3. Results and discussion

3.1. Physical and chemical properties of psyllium-enriched strawberry jam

The data presented in Table 2 highlight the significant impact of re-
ducing sugar and incorporating psyllium husk on the physical character-
istics of strawberry jam formulations (Figure 3). These changes reflect an
effort to produce a healthier jam alternative with improved nutritional
properties and acceptable quality attributes.

Table 2. Physical properties of the control and formulated
strawberry psyllium jam
Tab6nuiia 2. ®u3uUecKue CBOCTBAa KOHTPOJIbHOIO KIYOHMYHOIO JAyKemMa
¥ KITYGHUYHOTO JJKeMa € MOJO0POKHUKOM

Parameters Control Trial 1 Trial 2 Trial 3
pH 2.82%0.014 2.91+0.02¢ 2.93%0.03° 2.98+0.012
L* 26.51+0.12>  26.78+0.16>  26.85+0.14> 27.29+0.182
a* 11.36+0.10°  11.72+0.08" 12.00%0.10a®  12.43+0.07
b* 1.20%0.02¢ 1.31£0.03> 1.35+0.04% 1.39+0.032
AE - 0.58 0.88 1.20

Note: All values are expressed as mean+SD (n = 3). AE was calculated using
the control as a reference. Water absorption measured only for psyllium husk.
Control (traditional jam): 45 % strawberry, 55 % sugar.

Trial 1:45 % strawberry, 12 % sugar, 18 % added water, 25 % psyllium husk solution.
Trial 2: 45 % strawberry, 26 % sugar, 4% added water, 25 % psyllium husk solution.
Trial 3: 45 % strawberry, 30 % sugar, no added water, 25 % psyllium husk solution.

The pH values ranged from 2.82 (control) to 2.98 (Trial 3), indicat-
ing that lower sugar formulations preserved a slightly higher pH, likely
due to dilution effects and the buffering capacity of fiber. The pH values
remained within the acceptable range for jam preservation (<4.5), ensur-
ing microbial safety and favorable gel formation [31]. Color is critical for
consumer acceptance. All jam samples maintained vibrant red tones, with
increasing a* values indicating intensified redness in fiber-rich jams. Trial
3 had the highest L* (27.29) and a* (12.43) values, possibly due to reduced
caramelization at lower sugar levels and enhanced light scattering from
fiber [32]. The calculated AE of 1.20 suggests perceptible but not dramatic
differences in color compared to the control.

In terms of visual appeal, Trial 3 achieved the highest color rating
(8.14%0.11). This result aligns with the instrumental color data (Table 2),
which indicated higher L* and a* values, denoting a brighter and red-
der product, as illustrated in Figure 3. The absence of added water likely
helped maintain the color intensity, as dilution can often lead to paler,
less appealing hues. The natural color retention of strawberries, comple-
mented by the fiber matrix of psyllium, contributed to an overall vibrant
product.

The data presented in Table 3 highlight the chemical and microbio-
logical properties of control and formulated strawberry psyllium jam

The Brix value reflects total soluble solids, mainly sugars. The control
jam, formulated traditionally with high sugar (approximately 66 %), ex-
hibited a Brix of 66 %, consistent with CODEX standards for conventional
jams [25]. Trial 3, incorporating 30 % sugar and no added water, reached
a Brix of 63 %, validating its suitability for low-sugar jam development.

Figure 3. Control and modified sample (Trial 3)
PucyHoK 3. KOHTpO/IBHBI 1 MOAM(UIMPOBaHHbI 06paser] (ONbIT 3)

The stepwise increase in Brix from Trial 1 (55 %) to Trial 3 (63 %) demon-
strates how sugar concentration governs soluble solids and gel formation.

Psyllium husk absorbed 46 ml of water/g, demonstrating its high hy-
dration potential. This contributed to improved consistency, enhanced
mouthfeel, and water retention in low-sugar formulations. Its high swell-
ing index mimics sugar’s bulking effect, critical for maintaining jam
structure without synthetic additives [33].

The reduction of sugar content from 26 % to 12% led to a progressive
decline in total carbohydrates, from 41.93 g/100g in the control sample to
33.65 g/100g in Trial 3. Conversely, the crude fiber content increased to
1.05 g/100g in the final trial, attributed to the incorporation of psyllium
husk. These findings are consistent with recent studies on fiber-enriched
fruit jellies, which demonstrate that lowering sugar while supplement-
ing with dietary fiber not only significantly reduces total carbohydrate
content but also increases fiber levels compared to conventional formu-
lations. Such modifications have been shown to create products better
suited for health-conscious consumers seeking functional foods that
support glycemic control and digestive health. The use of psyllium, in
particular, is highlighted for its positive impact on both nutritional pro-
file and physiological benefits, including improved glycemic response and
gastrointestinal function [34,35].

Ash content, which reflects the total mineral residue, decreased from
0.49% in the control sample to 0.24% in Trial 3. Although ash content
is not a direct indicator of nutritional superiority, its reduction in psyl-
lium-rich formulations suggests fewer added salts and minerals, align-
ing well with current trends in clean-label product development. Similar
trends have been reported by other authors, where ash content in fruit
jams typically ranges from 0.20% to 0.34 %, and lowering mineral addi-
tives is associated with a cleaner nutritional label and often perceived
as more natural by consumers. Additionally, studies have shown that the
ash concentration can decrease due to both the use of fewer added min-
eral ingredients and potential leaching losses during processing. These
values are consistent with dietetic and functional jams developed using
natural fiber sources, further supporting the results found in the present
study [36,37].

All samples maintained low total plate counts (<1.0 log CFU/g), in-
dicating excellent microbiological safety. Controlled processing steps
such as heating and hygienic packaging, combined with pH values be-
low 3.0 and the hygroscopic properties of psyllium, contributed to the
shelf stability of the products. The microbial load remained well within
established limits for commercial jams, validating the preservative effi-
cacy of low pH and proper formulation practices. These results are con-
sistent with other studies on fruit jams, which report total plate counts

Table 3. Chemical and microbiological properties of the control and formulated strawberry psyllium jam
Taﬁnmua 3. XuMmmnueckue u MMK[JOGMOJ'IOI‘I/I‘IQCKME CBOJICTBa KOHTPOJ/IBHOT'O KJ'IYGHM‘-IHDI‘O JoKeMa n KHYGHI/I‘{HO[‘O JJKeMa C IIOJOPOKHUKOM

Parameters Psyllium Husk Control
Brix, % — 66.00+0.322
Water absorption, ml/g 46.00%+0.24 —
Total carbohydrates, g/100 g - 41.93+0.44*
Crude fiber, g/100 g - 0.65+0.024
Ash, % — 0.49+0.01°
Estimated calories, kcal/100g 166.42+0.502
Total Plate Count, log CFU/g — <1.00

Note: All values are expressed as mean#SD (n = 3).
Control (traditional jam): 45 % strawberry, 55 % sugar.

Trial 1: 45 % strawberry, 12 % sugar, 18 % added water, 25 % psyllium husk solution.
Trial 2: 45 % strawberry, 26 % sugar, 4 % added water, 25 % psyllium husk solution.

Trial 3: 45 % strawberry, 30 % sugar, no added water, 25 % psyllium husk solution.

Trial 1 Trial 2 Trial 3
55.00£0.414 57.00%0.28° 63.00£0.37>
38.75%0.35" 36.12%0.38° 33.65%0.419
0.84+0.01¢ 0.92+0.01° 1.05+0.012
0.38+0.01° 0.32+0.01¢ 0.24+0.014
153.32+0.45P 142.64+0.47¢ 132.50£0.484

<1.00 <1.00 <1.00
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below critical thresholds and emphasize the role of acidity, processing,
and packaging in ensuring microbiological safety and extended shelf life.
Therefore, the findings confirm that applying low pH and strict hygienic
measures is effective for preserving jam quality and safety, in accordance
with industry and regulatory standards [38,39]. The calculated energy
values of the strawberry jam samples demonstrated a clear inverse re-
lationship between sugar content and caloric value. The control sample,
containing the highest total carbohydrates (41.93 g/100 g), exhibited
the highest energy content at 166.42 kcal/100g. In contrast, Trial 3, for-
mulated with reduced sugar and enriched with psyllium husk, had the
lowest carbohydrate content (33.65 g/100g) and consequently the low-
est caloric value at 132.50 kcal/100g. This caloric reduction aligns with
the functional role of psyllium husk, which not only contributes dietary
fiber but also enables sugar reduction without compromising texture.
Comparable studies on reduced-calorie jams prepared with alternative
bulking fibers and sweeteners, such as maltitol or apple pomace, report
pronounced decreases in both carbohydrate and energy values, ranging
from a typical jam value of 136-263 kcal/100 g and carbohydrate levels
of 65-73 g/100 g, down to 96-156 kcal/100 g and carbohydrate contents
as low as 22-33 g/100 g for fiber-enriched or sugar-reduced formulations.
The incorporation of psyllium or similar dietary fibers thus effectively en-
hances the nutritional profile of jam, making it more suitable for health-
conscious consumers and those aiming to follow low-calorie or diabetic-
friendly diets [33,36,40—-42].

3.2 Sensory evaluation

The sensory evaluation results presented in Table 4 reveal distinct
consumer preferences and demonstrate the success of using psyllium
husk as a functional ingredient in reduced-sugar strawberry jam formu-
lations. All sensory attributes (taste, odor, color, spreadability, and over-
all acceptability) were evaluated on a 9-point hedonic scale, with Trial 3
emerging as the most favored formulation across the board.

Table 4. Sensory evaluation scores
Ta6nuia 4. Ba/ibl OpraHoIeNTUYECKO OLeHKN

Parameter Control Trial 1 Trial 2 Trial 3
Taste 6.60£0.209 7.10£0.18° 7.46+0.19® 8.03%0.16
Odor 6.80%0.15¢ 7.10£0.12° 7.45+0.13® 7.86%0.122
Color 7.42%0.149  7.58%0.15¢ 7.85+0.14°> 8.14*0.112
Spreadability 5.60£0.209 6.12%0.18¢ 6.78+0.17° 7.40£0.152
Overall Acceptability 6.93+0.229  7.31£0.20° 7.76+0.21> 8.15+0.172

Note: All values are expressed as mean=SD (n = 3).

Control (traditional jam): 45 % strawberry, 55 % sugar

Trial 1: 45 % strawberry, 12 % sugar, 18 % added water, 25 % psyllium husk solution.
Trial 2: 45 % strawberry, 26 % sugar, 4% added water, 25 % psyllium husk solution.
Trial 3: 45 % strawberry, 30 % sugar, no added water, 25 % psyllium husk solution.

Taste scores were highest in Trial 3 (8.03+0.16), which contained 30 %
sugar and no added water, indicating that consumers appreciated the
sweet intensity balanced by the natural tartness of the strawberries and
the gel-forming properties of psyllium. The sugar level, although reduced
compared to traditional jams, provided adequate sweetness without over-
powering the natural fruit flavor. This demonstrates that psyllium husk

can effectively contribute to mouthfeel and gel structure, allowing for re-
duced sugar usage without sacrificing palatability.

Odor was also highly rated in Trial 3 (7.86%0.12), suggesting that the
formulation preserved volatile aromatic compounds well. The limited wa-
ter content in this trial likely contributed to the concentration and reten-
tion of fruit aroma, which plays a key role in consumer satisfaction [26].

Spreadability is a fundamental functional attribute that significantly
influences jam quality and consumer acceptance. In our study, Trial 3
exhibited a notable improvement in spreadability (7.40%0.15) compared
to the control (5.60%0.20). This enhancement is primarily attributed to
the high water absorption and gel-forming capabilities of psyllium husk,
which provided the jam with a smooth, cohesive texture without the use
of artificial thickeners or pectin, thereby promoting ease of application
on bread and pastries and facilitating consumer convenience. These re-
sults closely align with previously published research, where spreadabil-
ity values for jams ranged from 5.8 to 7.0, and the incorporation of natural
fibers or alternative thickeners, such as psyllium husk or xanthan gum,
consistently led to noticeable improvements in spreadability relative to
conventional pectin-based jams. For instance, pineapple-carrot and black
plum peel jams fortified with dietary fibers achieved elevated spreadabil-
ity scores, reaching up to 7.0£0.2 and 6.9+0.4, respectively, highlight-
ing the positive impact of natural hydrocolloids on texture and consumer
experience [43-45]. Collectively, the evidence demonstrates that psyl-
lium husk represents a highly effective natural option for enhancing the
spreadability and texture of jam. This approach results in superior func-
tional and sensory qualities compared to traditional formulations, while
maintaining desirable taste and user-friendliness attributes that contrib-
ute positively to consumer satisfaction and product competitiveness.

Overall acceptability, the most integrative parameter, reached its peak
in Trial 3 (8.15%0.17), reflecting high consumer satisfaction across all
sensory dimensions. These results validate the potential of psyllium husk
as a multifunctional dietary fiber that enhances both the health value and
the sensory properties of fruit preserves.

In summary, Trial 3 successfully combined reduced sugar content with
enhanced sensory quality, making it a promising candidate for health-
conscious consumers seeking lower-calorie, high-fiber fruit spreads with-
out compromising taste, texture, or appearance. Its strong performance
in the sensory evaluation supports its marketability as a nutritionally
improved alternative to traditional jams.

4. Conclusion

In conclusion, incorporating psyllium husk into strawberry jam formu-
lations effectively enhances nutritional quality by increasing dietary fiber
and reducing sugar content without compromising sensory attributes. Trial
3, with 30 % sugar and psyllium addition, demonstrated superior taste, col-
or, spreadability, and overall acceptability, meeting consumer preferences
for healthier, low-calorie options. Physicochemical analysis confirmed ac-
ceptable pH, color stability, and microbial safety, supporting product shelf-
life and quality. This study highlights psyllium husk’s potential as a natu-
ral functional ingredient to develop fiber-enriched, reduced-sugar fruit
spreads, offering a promising alternative for health-conscious consumers
seeking nutritious and enjoyable jam products. Future studies are recom-
mended to investigate the shelf life under accelerated storage conditions
and evaluate consumer acceptance at a commercial scale.
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