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Abstract.

Direct incorporation of brown-seaweed biomass into foods is limited by its fibrous texture and by the challenge of retaining
desirable marine and umami notes without an excessive fishy odor. This study evaluated whether fermented commercial
Sargassum spp. biomass could be incorporated into a dry seafood seasoning for rice and whether a constrained mix design
could identify a formulation with high preliminary hedonic acceptability.

Commercial dried Sargassum spp. biomass was rehydrated for 6 h, washed, pretreated with 1.5% sodium bicarbonate
at 90—100°C for 2 h, reduced to 1-2-mm fragments, and fermented with a mixed lactic starter containing Companilactobacillus
farciminis and Lactiplantibacillus pentosus. The fermentation involving 2.15% starter culture and 5.0% sugar lasted for
86 h at 30°C. The methods of hot-air, low-temperature, and freeze drying were compared using moisture content and handl-
ing attributes. Seven variable ingredients were optimized within predefined ranges in an 18-run constrained mix design
comprising 15 unique formulations. The response was the mean overall hedonic score for each run, based on evaluations
by 30 assessors on a nine-point scale.

The fermented biomass had a pH of 4.56 + 0.05. The freeze-drying processing at =50 + 2°C for 40 h yielded material with
4.51 £ 0.20% moisture and a crisp, loose, non-clumped structure. It was selected on the basis of handling properties. The
drying routes were not compared by nutrient or volatile retention. The first-order mix model was significant (F = 45.40,
p <0.001, R? =96.12%, adjusted R? = 94.00%). The selected formulation comprised 30% fermented seaweed biomass, 10%
Porphyra/Pyropia-type dried red seaweed, 10% dried tuna, 5% dried shrimp, 25% roasted sesame, 10% mung bean, 5%
carrot, 3% sugar, and 2% sodium chloride. The observed acceptability score was 8.30 = 0.54 versus a predicted score of 8.43.
The final product contained 4.64 + 0.30% moisture, 28.50 = 1.58% protein, 15.30 £ 0.32% total ash, and 15.00 £ 0.64%
lipid on an as-received basis.

The sequential combination of fermentation, drying-route selection, and constrained mix optimization demonstrated the
feasibility of the tested prototype and identified a formulation for independent confirmation. Because the selected solution
lay on several formulation bounds, it represents the most favorable region within the tested domain rather than a universal
optimum. The evidence was limited to preliminary hedonic testing and did not establish nutrient retention, shelf-life stability,
comprehensive food safety, health effects, or market-level acceptance.

Keywords. Acidification, hedonic acceptability, Sargassum spp. biomass, drying, fermentation, formulation, mix design,
pseudo-components, rice seasoning, valorization
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Bonoknucrast TekcTypa OypBIX BOIOPOCIEH OCIOXKHIET UX MPsSMOE BKJIIOYEHHE B PELENTYpy IHIIEBBIX MpoaykToB. Kpome Toro,
CJIOYKHO COXPAHHTB XKeJTaeMble MOPCKHE HOTHI M BKYC yMaMH 0e3 IOSsIBJICHUSI N30BITOYHOTO PHIOHOTO 3anaxa. B jaHHOM HccnenoBa-
HUH OIIEHNBAIH BO3MOXKHOCTB BKITIOUCHHS ()epMEHTHPOBAHHOH OHOMacChl BOLOPOCIeH Sargassum spp. B COCTaB CyXOH IIPHUIIPaBHI
JUISL pUCa, a TAKXKE BO3MOXKHOCTh TPUMEHEHHMS METO/1a IITAHNPOBAHHUS SKCIEPUMEHTA C OTPAHNUCHUSIMH JUTS OTIPEAEICHHS KOMIIO-
HEHTHOTO COCTaBa ¢ BBICOKOH MPeIBapUTEIIbHON MOTPEOUTENBCKOM TPUEMIIEMOCTBIO.

Cyxyto 6rnoMaccy MOPCKHX Bopopocieit (Sargassum spp.) peruapaTHpoBaiy B TeUeHHe 6 4, MPOMBIBAIU U oOpabartsiBamu 1,5 %
pactBopoM OrkapOonata HaTpus mpu Temmepatype 90—100 °C B TeueHwue 2 4. 3aTeM ChIphe H3MENBYAIH 10 Pa3Mepa 4acTHil 1-2 MM
1 pepMEHTUPOBAIM CMEIIAHHOW MOJOYHOKHCION 3akBackoit (Companilactobacillus farciminis, Lactiplantibacillus pentosus).
Iponecc nposogmmm npu Temneparype 30 °C B TedeHue 86 4 ¢ BHeceHueM 2,15 % 3akBacku u 5 % caxapa. MeTosI KOHBEKTHBHOIA,
HU3KOTEMIIEpaTypHOH M CyOIMMaIMOHHOH CYIIKH CPAaBHUBAIH MO COAEPKAHUIO BIIATH W TEXHOJIOTHIECKAM CBOHCTBAM ITOIydeH-
HOTO MPOAYKTa. DKCIIEPUMEHT C OTPAaHWYCHHUSIMU MO MOIYYEHHIO ONTHMAIbHOTO KOMIIOHEHTHOTO COCTaBa BKJIIOYAN 18 OmBITOB
U 15 yHUKaIBHBIX pelleNTyp; B Ipeeax 3aJaHHbIX AUaNa30HOB ONTHUMH3HPOBAIN COOTHOIIEHHE CEMU EPEMEHHBIX HHIPETHEHTOB.
CpeHIO TeIOHUCTHYECKYIO OLEHKY JUIS KaXI0T0 BapHaHTa ONPEAeNsIM Ha OCHOBE JaHHBIX, MOJY4YeHHbBIX OT 30 JerycraTtopos
(9-6aytpHas mKaa).

depmenTHpoBaHHAs OMoMacca xapakrepuzoBaiack pH 4,56 + 0,05. Marepwuai, morydeHHBIH METOIOM CYOIMMAIIIOHHON CYIIKH
npu —50 + 2 °C B Tegenue 40 4, nMen XPyCTAIIYIO, PEIXIYIO, PACCHITIATYIO CTPYKTYpPY U comepkanune Biaaru 4,51 + 0,20 %. Ero
BBIOpAITH U3-3a MPOAEMOHCTPUPOBAHHBIX IPH 00paboTke cBOHCTB. CIIocOOBI CYIIKH HE CPAaBHUBAIHCH IO COXPAHEHHIO MUTATEIbHBIX
WX JIETY4HX BeIlecTB. Mojeab cMecu MepBOro Nopsiika okaszanach 3HauuMoi (F = 45,40, p < 0,001, R* = 96,12 %, ckoppeKTH-
poBaHHbIH R? = 94,00 %). OntnmanbHas penentypa Brirodana 30 % depMeHTHpoBaHHON GMOMacCchH MOPCKUX Bogopociei, 10 %
CYLIEHBIX KPAaCHBIX MOPCKHX Bomopociel Porphyra/Pyropia, 10 % cymenoro TyHna, 5 % CymeHBIX KpeBeTOK, 25 % jxapeHoro
kymkyTa, 10 % mama (60051 MyHT), 5 % MopkoBH, 3 % caxapa u 2 % xyopuna Harpus. HaGmogaemas oreHKa MpueMIeMOCTH
cocraBuna 8,30 + 0,54, Torma kak mporuozupyemas ornenka — 8,43. [lomydeHHBIH MPOAYKT B MCXOIHOM COCTOSIHHH COJEpPIKAI
4,64 £ 0,30 % Binary, 28,50 £ 1,58 % OGenxka, 15,30 £ 0,32 % 30ub1 1 15,00 + 0,64 % nununos.

IMocnenoBaTenbHOE codyeTanue GpepMeHTalUH, BEIOOpa criocoda CyIIKH U ONTHMH3ALMH PELENTYPHOIO COCTaBa METOJOM ILIa-
HUPOBaHHs SKCIIEPUMEHTA C OIPAaHMYCHUSIMH JI0Ka3aJI0 MEPCIEKTUBHOCTh TECTHPYEMOTO IPOTOTHUIIA U TI03BOJIMIIO OMPEISIUTD
peuentypy Ui He3aBHCUMOTO IOATBEP)KICHUS pe3yabTaToB. II0CKONBKY BBIOpaHHBII BapHaHT OKa3aJcsl Ha CTHIKE HECKOJIBKHX
YCTAQHOBJICHHBIX OTPaHUYCHHH, OH NPEICTaBIsIeT c000il Hanboiee ONTHMAaNbHYIO 30HY B PAMKaX HCCIIEOBAHHBIX I1APAMETPOB,
a He abcomroTHBIN onTUMyM. [lomydeHHbIe JaHHBIE OTPAaHUYEHBI MIPEABAPUTENFHBIMHA T€IOHUCTHIECKUMH TECTaMHU U HE T03BO-
JSUTH OLIEHUTH COXPAHEHHE NMUTATEIbHBIX BEIIECTB, CTA0MIBHOCTh IPY XPAHEHUH, TIOJHYIO 6€30MaCHOCTh IPOAYKTA, €T0 BIUSHUE
Ha 3JJ0pOBbE 1 BOCTPEOOBAaHHOCTh Ha PHIHKE.

KaioueBnle ciioBa. 3akucieHue, TeIOHUCTHYECKAs IIPHEMIIEMOCTh, OnoMacca Sargassum spp., CyIIka, hepMeHTanus, penenTypa,
TIPOEKTUPOBAHHUE CMECH, IICEBJOKOMIIOHEHTHI, IPUIIPaBa JUIS PUCA, MOBBIIICHHE IEHHOCTH NPOAYKTa

®dunancupoBanue. VccnenoBaHue MoroToBICHO B paMKax MIJIOTHOTO MPOSKTA 0 NPUMEHEHUIO OMOTEXHOIIOTHI TSl TPOH3BO/I-
CTBa NIPOAYKTOB C 100aBIEHHON CTOMMOCTBIO U3 MOPCKHUX BOAOPOCIEH.

Jost uutupoBanus: Xuen b. T. T., luem ®@. T., An 1. B, 3yen ®@. T., Hryen H. B. u np. [Ipunpasa myst puca Ha ocHOBe pepMeHTH-

POBaHHBIX BoJopociei (Sargassum spp.): pa3paboTka pelenTypsl 1 ONTHMH3AINS KOMIOHEHTHOTO cOcTaBa. TeXHHUKa ¥ TEXHOJIOTHS
MUMIEBBIX MPon3BoACTB. 2026. T. 56. Ne 3. C. 556-564. (Ha anrun.) https://doi.org/10.21603/2074-9414-2026-3-2660
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Introduction

Rice seasonings, such as Japanese furikake, are dry,
portionable products used to add flavor and texture
to rice and other ready-to-eat foods. Seaweed, sesame,
and dried seafood are established ingredient classes in
furikake-type formulations, and recent work confirms
their continued relevance to seasoning development [1].

Seaweeds contribute minerals, dietary fiber, poly-
saccharides, and characteristic marine flavors to food
products. Moderate marine and umami notes may en-
hance product identity, whereas pronounced fishy odor
can reduce acceptance. Product development therefore
requires control of both the physical form of seaweed and
its sensory intensity rather than simply maximizing its
proportion. Commercial Sargassum biomass varies with
species composition, harvest conditions, and postharvest
handling. As a result, conclusions should be restricted
to the tested biomass and processing window rather than
generalized across the genus [2, 3]. In Vietnam, com-
mercial Sargassum biomass is locally available, but its
direct use in formulated convenience seasonings remains
less developed than extraction-based applications.

Fermentation was used to acidify the biomass and
improve its suitability for subsequent drying and blend-
ing. Lactic fermentation is a popular processing method
for macroalgal substrates, although its effects vary with
the seaweed, microbial culture, and processing condi-
tions [4—6]. A mixed culture of Companilactobacillus
farciminis and Lactiplantibacillus pentosus served as
the lactic starter. Starter cultures were not compared,
and volatile compounds were not quantified. Accord-
ingly, the study did not attribute aroma modification
to a strain-specific biochemical mechanism.

The study integrated fermented Sargassum-based
biomass with drying-route selection and constrained
optimization of a seven-component seasoning mix. This
linkage matters because a drying process may achieve
low moisture yet yield a hard or clumped ingredient that
disperses poorly in a dry seasoning. Mix design is a well-
established protocol, which was applied here to a defined
product-development problem within explicit ingredient
bounds. Specifically, the research characterized the fer-
mented biomass, selected the optimal drying route based
on moisture and handling properties, optimized the sea-
soning formulation, compared the predicted and the ob-
served acceptability for the selected formulation, and
determined its proximate composition. The study did
not evaluate health effects, market-level consumer ac-
ceptance, shelf life, or comprehensive product safety.

Study objects and methods

Raw materials. Commercial dried Sargassum spp.
biomass was obtained from the Nha Trang coastal area,
Vietnam, in sun-dried, bagged form. The procurement
year, supplier specification, and species-level voucher
information were unavailable. Accordingly, the raw mate-
rial was reported at genus level as commercial Sargas-
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sum spp. biomass. Other formulation ingredients included
dried tuna flakes, dried shrimp fragments, commercial
Porphyra/Pyropia-type dried red seaweed, roasted ses-
ame, mung bean, carrot, sugar, and sodium chloride.

Preparing and fermenting Sargassum-based bio-
mass. Dried biomass was rehydrated in water for 6 h,
washed, pretreated in 1.5% sodium bicarbonate solution
at 90-100°C for 2 h, and washed again before being
reduced to 1-2-mm fragments for fermentation. We did
not record the liquid-to-solid ratio during rehydration
and the total wash-water volume.

The experiment included mixed lactic starter contain-
ing Companilactobacillus farciminis (formerly Lacto-
bacillus farciminis) and Lactiplantibacillus pentosus
(formerly L. pentosus). The current genus names follow
the taxonomy specified in [7]. The culture was selected
as a food-compatible starter for acidification rather than
through a strain-screening experiment. No source and
lot information for the starter and principal reagents
was available.

The fermentation was conducted with 2.15% starter
culture and 5.0% sugar at 30°C for 86 h. These parame-
ters served as fixed operating set points rather than opti-
mization ranges. The fermented biomass was then pressed
to remove liquid. Supplementary Table S1 summarizes
the processing and drying conditions. Figure 1 shows
the overall workflow.

Comparing drying methods. The pressed fermented
biomass was dried by one of three routes: hot-air dry-
ing at 60 £ 2°C for 10 h with a material thickness of
2-3 c¢m; low-temperature drying at 20 £ 2°C for 36 h
with a similar thickness; freeze drying at =50 £ 2°C
for 40 h. The drying-equipment identity and detailed
freeze-dryer pressure and temperature profiles were not
recorded. After drying, the biomass was size-reduced
and sifted through a 2-mm sieve.

The drying routes were compared using moisture
content and handling attributes (color, texture, aroma,
looseness, and clumping). These attributes were cho-
sen to identify a dry ingredient suitable for uniform
dispersion in a particulate seasoning. Although drying
can alter seaweed structure and composition, nutrient
and volatile retention were not measured [8—10]. The
selection therefore reflects handling performance rather
than superior nutrient or aroma preservation.

Formulation design and mix optimization. The
formulation was developed in Statgraphics XV using a
constrained mix design. The seven variable ingredients
included fermented seaweed biomass (X)), Porphyra/
Pyropia-type dried red seaweed (X)), dried tuna (X)),
dried shrimp (X,), roasted sesame (X,), mung beans
(X,), and carrots (X,). Sugar and sodium chloride were
fixed at 3% and 2%, respectively; the seven variable
ingredients accounted for the remaining 95%.

The working ranges were 30-35% fermented sea-
weed biomass, 10—15% red seaweed, 10-15% dried tuna,
5-10% dried shrimp, 20-25% roasted sesame, 10—15%
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Process and formulation workflow

Commercial dried Sargassum spp. biomass
Nha Trang coastal area, Vietnam; sun-dried and bagged

Rehydration and washing

for 2 h; wash

Water, 6 h; alkaline pretreatment with 1.5% NaHCO,, 90-100°C

Matrix preparation
Fragment size 1-2 mm

Lactic fermentation

Companilactobacillus farciminis + Lactiplantibacillus pentosus;
starter 2.15%; sugar 5.0%; 30°C; 86 h

Pressing and drying-route comparison
Hot-air: 60 + 2°C, 10 h; Low-temperature: 20 + 2°C, 36 h;
Freeze-drying: —50 + 2°C, 40 h (selected for handling)

Particle preparation

Grinding and sifting through a 2-mm sieve

Constrained mix design

® © ©6 & ¢ ® o

hedonic acceptability

18 formulation runs; seven variable ingredients; run-level mean

Selected prototype

Observed score 8.30 + 0.54; proximate characterization

Figure 1. Process workflow for preparing fermented Sargassum-based biomass and developing a seafood rice-seasoning
prototype, including the fixed fermentation conditions

Pucynok 1. TexHonOTHS MOATOTOBKH ()ePMEHTHPOBAHHOM OHOMacchl OYpBIX MOPCKUX Bopopociei (Sargassum spp.) n pa3paboTku
peLenTyphl IPUNpPaBbl 1 puca (¢ GUKCHPOBAHHBIMH yCIOBHAMH ()epPMEHTALIHN)

mung beans, and 5-10% carrots. The overall hedonic
acceptability was the response variable. The 18 runs
comprised 15 unique ingredient combinations because
three formulations were repeated in the analyzed design
matrix. The pseudo-components were calculated as Z, =
(X, — lower bound)/5 for each 5-percentage-point work-
ing range. Supplementary Table S3 provides the com-
plete matrix and pseudo-components. The approach
followed established mix experiment principles [11-12]
and their application to food formulation [13].

A first-order linear mix model was fitted to the run-
level mean scores. The model fit was assessed using
analysis of variance (ANOVA), R?, adjusted R?, predict-
ed values, and residual diagnostics. The standardized-
residual plot included a zero line and descriptive refer-
ence lines at + 2, which were neither confidence intervals
nor a formal outlier test. Because assessor-level observa-
tions were unavailable, the the diagnostics apply to for-
mulation-run means rather than assessor-level variation.

559

Sensory acceptability test. Thirty assessors familiar
with rice-seasoning products evaluated the samples on
a nine-point hedonic scale ranging from 1 (“dislike ex-
tremely”) to 9 (“like extremely”). The assessors were
informed that the samples contained seaweed, seafood
ingredients, sesame, and mung beans. The mean overall
acceptability score for each formulation run was used
in the mix model. Because assessor-level raw scores
were unavailable, the sensory analysis was limited to
preliminary formulation-level acceptability and was not
interpreted as a representative consumer study [14, 15].

Proximate composition analyses. The contents of
moisture, proteins, total ash, and lipids were reported
on an as-received basis unless stated otherwise. Sampling
followed Vietnamese National Standard TCVN 5276:
1990. The contents of proteins, moisture, ash, and lipids
were determined according to Vietnamese National Stan-
dards TCVN 3705:1990, TCVN 8135:2009, TCVN 5105:
2009, and TCVN 3703:2009, respectively.
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Ethics statement. Participation in the preliminary
sensory acceptability evaluation was voluntary. The as-
sessors were informed about the product and its potential-
ly allergenic ingredients, including seafood, sesame, and
mung beans, and provided informed consent before eval-
uation. The study involved no clinical intervention, bio-
logical sampling, or collection of sensitive personal data.

Statistical analysis. The data are presented as mean +
standard deviation where available. The mix modeling
and analysis of variance relied on Statgraphics XV, with
descriptive calculations in Microsoft Excel. The analytical
results were treated as replicated measurements only
when replicate data were available. The sensory model
diagnostics were based on run-level mean scores and
therefore did not quantify assessor-level variability.

Results and discussion

Fermented biomass profile. The fermented biomass
was brown to dark brown and soft, with a characteris-
tic fermented-seaweed aroma, no overpowering fishy
note, and a neutral to slightly sour taste. Its pH was
4.56 £ 0.05, the moisture level was 78.54 + 0.12%, and
the protein content was 1.04 + 0.11%. The pH was con-
sistent with acidification under the tested conditions.
Because matched pre-fermentation chemical and volatile
measurements were not available, these endpoint values
cannot quantify fermentation-induced changes in com-
position or aroma. Recent reviews likewise show that
the effects of seaweed fermentation depend strongly
on substrate and process conditions [4, 5].

The higher protein percentage after freeze drying is
best interpreted in relation to water removal and the as-
received reporting basis rather than protein synthesis or
selective nutrient enrichment. A nutrient-retention com-
parison would require matched initial and final dry-matter
measurements, material balances, and route-specific repli-
cate analyses. Fermentation and drying is the process
steps rather than evidence of compositional enhancement.

Selecting the drying route. The hot-air drying
yielded a dark brown to nearly black, hard, nonporous,

clumped material, whereas the low-temperature dry-
ing yielded a dark-brown material that remained tough
and clumped. For these two routes, the study records
provided only a combined moisture range of 4.5-4.6%,
without route-specific replicate values. The freeze dry-
ing yielded a brown to dark brown, crisp, loose, non-
clumped material with 4.51 + 0.20% moisture and 5.16 +
0.16% protein. It was selected because its handling
properties matched the intended particulate seasoning
format (Table 1).

The comparison addressed technological handling
rather than composition. Published studies show that
seaweed drying routes involve trade-offs among mois-
ture removal, structure, processing intensity, and compo-
nent retention [8—10]. The present results support freeze
drying for looseness and ease of mixing; comparative
retention of protein, lipid, and volatile compounds was
not measured.

Freeze drying also has practical disadvantages, in-
cluding a longer processing cycle, as well as greater
equipment and energy demands than conventional hot-
air drying. Its selection here is therefore a prototype-stage
handling decision rather than an economic or industrial
optimum. To ensure successful scale-up, a comparison
of flowability, particle-size distribution, water activity,
energy demand, and sensory quality should be conduct-
ed under optimized hot-air, hybrid, or low-temperature
drying conditions.

Mix model and diagnostics. The overall acceptabil-
ity scores ranged from 6.1 to 8.3 across the 18 formula-
tion runs. The first-order mix model was significant
(F=45.40, p <0.001), with R* = 96.12% and adjusted
R?*=94.00%. In terms of the pseudo-components, the
fitted equation was as follows:

Y=6.26Z, + 6.86Z, + 8.08Z, + 6.47Z, +
+8.43Z.+ 6.95Z,+6.15Z,

where Y was overall acceptability and Z —Z, were the
constrained pseudo-components. The coefficients shown

Table 1. Drying-route comparison for fermented Sargassum-based biomass

Tabuuua 1. CpaBHUTENBHBINH aHAIU3 CIOCO00B CyLIKU (EPMEHTUPOBAHHOM OMOMacChl MOPCKHUX Bojopocie (Sargassum spp.)

Drying route Processing condition

Moisture result

Handling attributes Decision

60 £ 2°C, 10 h; thickness
approximately 2-3 cm

Hot-air drying

Recorded overall range:
4.5-4.6%*

Dark brown to nearly Not selected
black; hard, nonporous,

clumped

Low-temperature 20 £ 2°C, 36 h; similar | Recorded overall range: Dark brown; seaweed Not selected
drying thickness 4.5-4.6%* odor; tough, clumped
Freeze drying —-50+2°C,40h 4.51+0.20% Brown to dark brown; Selected

crisp, loose, non-clumped

Note: * — for hot-air and low-temperature drying, the study records provided only an overall moisture range of 4.5-4.6%; route-specific

replicate values were unavailable.

Ipumeuanue: * — st 06pa3LOB, NOTYYEHHBIX METOIOM KOHBEKTUBHON M HU3KOTEMIIEPATYPHOM CYLIKH, HMEIOTCS IaHHbIE TOJIBKO 006 001IeM
nuanazoHe BIaxXHOCTH (4,5-4,6 %); OTCYTCTBYIOT JaHHBIC TapaUICIBHBIX OIPENEIeHUH I KaXKJ0I0 KOHKPETHOTO METO/a.
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are rounded (see Supplementary Table S3 for model-
generated predicted values). The positive coefficients
should not be inter-preted as independent additive ef-
fects outside the constrained mix domain. Within the
tested domain, roasted sesame and dried tuna had the
largest fitted coefficients whereas formulations at the
upper tested bounds for carrot, shrimp, or fermented
biomass had lower run-level scores.

The predicted-versus-observed plot showed close
agreement across the analyzed run matrix (Fig. 2a). Run 2
was the only point above the +2 descriptive reference
line (standardized residual = 2.3006), and no run was
below —2. This fact was treated as a diagnostic flag
rather than a formal outlier because the £2 lines served
as descriptive references, not confidence limits, and
assessor-level data were unavailable (Fig. 2b).

The high R? should be viewed in the context of the
small, constrained design and the use of run-level mean
responses. It describes the model fit within the tested

domain but does not establish predictive performance for
new ingredient ranges, independent production batches,
or broader consumer populations. Independent confirma-
tion with assessor-level data would enable mixed-effects
or repeated-measures analysis and a more informative
assessment of prediction uncertainty.

Selected formulation and confirmation. The se-
lected formulation contained 30% fermented seaweed
biomass, 10% Porphyra/Pyropia-type dried red seaweed,
10% dried tuna, 5% dried shrimp, 25% roasted sesame,
10% mung bean, 5% carrot, 3% sugar, and 2% sodium
chloride (Table 2). The model predicted a score of 8.43,
whereas the observed score was 8.30 £+ 0.54, a difference
of 0.13 scale units.

The seven variable ingredients accounted for 95%
of the formulation, while sugar and sodium chloride
accounted for the remaining 5%. Because the selected
formulation was already one of the 18 analyzed runs, its
observed score constitutes a within-design confirmation

Table 2. Mix variables, working ranges, and selected formulation

Tabauna 2. IlepeMeHHbIC KOMIIOHEHTHI B COCTaBe CMECH, pabouue JUana3oHbl U 0TOOpaHHAs peLentypa

Variable Ingredient Working range, % Selected formulation, %
X Fermented Sargassum-based biomass 30-35 30
X, Porphyra/Pyropia-type dried red seaweed 10-15 10
X, Dried tuna 10-15 10
X, Dried shrimp 5-10 5
X, Roasted sesame 20-25 25
X, Mung beans 10-15 10
X, Carrots 5-10 5
Fixed Sugar 3 3
Fixed Sodium chloride 2 2
? 8.5 - ) Run 2
z 8.0 é |
= o
§ 7.5 5 .
3 70 S
72}
8 6.5 (cng .
6.0 Run 10

6.0 6.5 7.0 7.5 8.0 85

Predicted acceptability
1:1 line

6.0 6.5 7.0 7.5 8.0 85

Predicted acceptability
+ 2 reference

Figure 2. Model diagnostics for the 18-run formulation matrix: a — predicted versus observed run-level mean acceptability
with a 1:1 line; b — standardized residuals versus predicted values with zero and + 2 descriptive reference lines
(these lines are neither confidence intervals nor a formal outlier test)

PucyHoxk 2. /luarHocTH4eckast OleHKa MOJeNH! s 18-ToueuHoil penenTypHOH MaTPHIEL: a — IPOTHO3HPYEMBIC CpeHHE 3HAUCHUS
MOTPEOUTENBCKOM IPUEMIIEMOCTH U YKCIIEPUMEHTaNbHbIE (Ha0nonaempie) (uuus 1:1); b —cTaHmapTU3MPOBaHHBIEC OCTATKU
U IPOrHO3MPYEMBbIE 3HaU€HUs (C YKa3aHUEM OINOPHBIX JIMHUM, HyJIeBOH U + 2). JlaHHBIE JIMHUU HOCAT ONMCATEIbHBIN XapakTep
U He SBISIOTCS HU JOBEPUTEIBHBIMUE HHTEPBaJaMy, HH ()OPMAIbHBIM KPHTEPHEM JUIS BEISIBICHHS aHOMAJIbHBIX 3HAUeHHH

561



Hien B.T.T. et al. Food Processing: Techniques and Technology. 2026,56(3):556—564

Table 3. Mix model and selected formulation summary

Tabnuna 3. MoJens KOMIOHEHTHOTO COCTaBa CMECH U 0TOOpaHHAs pelenTypa: CBOAHAs HHGOopManus

Item

Reported value

Formulation runs

18 runs; 15 unique formulations; repeated formulations at runs 4/17, 12/16, and 13/18

Response

Run-level mean overall hedonic score (nine-point scale)

Model

First-order linear constrained mix model using pseudo-components

F-ratio; p-value

45.40; p <0.001

R?; adjusted R?

96.12%; 94.00%

Fitted equation

Y=6.26Z, + 6.86Z, + 8.08Z, + 6.47Z, + 8.43Z, + 6.95Z,+6.15Z,

Predicted score

Observed score

Diagnostics

Run-level predicted values, residuals, and standardized residuals are reported
in Supplementary Table S3 and Figure 2

Table 4. Process and product-composition values

Tabnuna 4. O6paboTka 1 KOMIOHEHTHBII COCTAaB MPOAYKTA

Sample or product stage Parameter Reported value* Interpretation
Fermented biomass pH 4.56 +0.05 Acidification endpoint
Fermented biomass Moisture 78.54+0.12% Fermented biomass characterization
Fermented biomass Proteins 1.04 £0.11% Fermented biomass characterization;

not a before vs. after comparison
Freeze-dried fermented biomass Moisture 4.51+0.20% Drying endpoint
Freeze-dried fermented biomass Proteins 5.16 £0.16% Dried biomass characterization
Selected seasoning Moisture 4.64 +0.30% Prototype characterization
Selected seasoning Proteins 28.50 + 1.58% Proximate composition
Selected seasoning Total ash 15.30 £ 0.32% Proximate composition
Selected seasoning Lipids 15.00 £ 0.64% Proximate composition

Note: * — as-received basis unless stated otherwise.

HpHMe‘IaHI/Iei *_p TIEpecUeTe HA UCXOAHYIO MAcCCy, €CJIM HE YKa3aHO UHOC.

rather than an independent validation (Table 3). The
close predicted versus observed agreement supports the
model-guided selection within the tested bounds but
does not justify extrapolation beyond those bounds or
to broader consumer populations.

The mix design was appropriate because changing
the proportion of one ingredient necessarily altered the
proportions of the others. The model therefore represents
balance within the constrained seven-component system
rather than isolated causal effects of individual ingre-
dients, consistent with the mix design theory [11-13].

The selected formulation was at the lower bounds of
six variable ingredients and the upper bound of roasted
sesame. For a first-order linear mix model, a boundary
optimum identifies the most favorable region within
the specified domain rather than a universal optimum.
Further work should explore the sesame—tuna—seaweed
region around this boundary in independent produc-
tion batches and test whether a quadratic Scheffé model
captures a curvature that the present first-order model
cannot represent.

Prototype composition, practical implications, and
limitations. The selected product contained 4.64 = 0.30%
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moisture, 28.50 = 1.58% protein, 15.30 + 0.32% total
ash, and 15.00 £ 0.64% lipid on an as-received basis
(Table 4). These values describe the tested prototype but
do not demonstrate its nutritional superiority. Total ash
reflects contributions from the marine ingredients, sesame,
and added sodium chloride; the complete mineral and
sodium profile was not determined. The lipid content
contributes to flavor and mouthfeel but also increases
the importance of oxidative stability and packaging per-
formance during further production stages.

The study provides a defined starting formulation
and process conditions for further product development.
Before scale-up, independent production batches should
be used to confirm the formulation and to evaluate mix-
ing uniformity, particle segregation, water activity, mi-
crobiological quality, lipid oxidation, packaging-barrier
performance, and sensory stability. Potential seaweed-
associated hazards, including heavy metals, iodine, and
arsenic speciation, should also be assessed because com-
mercial Sargassum biomass can vary with origin and
species composition [2, 3].

The particulate formulation also raises physical qual-
ity issues that were not captured by the sensory model.
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Differences in particle size, density, and surface oil can
promote segregation during blending, filling, transport,
and storage, causing portions from the same package to
differ from the laboratory blend. A prospective scale-up
should therefore define mixing sequence and time, sieve
fractions, target bulk density, and a sampling plan for
blend uniformity. This is especially relevant because
low-density dried seaweeds are combined with denser
seafood and seed particles.

This research did not measure carbohydrate, dietary
fiber, fatty-acid composition, nutrient retention across
the drying routes, volatile compounds, and paired chem-
ical measurements before and after fermentation. The
30-person panel supported only preliminary formulation-
level acceptability, and the selected formulation was
not evaluated in an independent validation batch. The
current data therefore identify a promising formulation
region while leaving storage stability, comprehensive
safety, nutrient retention, and market-level consumer
acceptance for subsequent studies.

Conclusion

Commercial Sargassum spp. biomass underwent a
six-hour rehydration, 1.5% sodium bicarbonate pretreat-
ment at 90—-100°C for 2 h, and lactic fermentation with
2.15% starter culture and 5.0% sugar at 30°C for 86 h.
The freeze drying yielded a crisp, loose, non-clumped
biomass with 4.51 + 0.20% moisture and was selected
on the basis of handling properties. The drying com-
parison assessed neither nutrient nor volatile retention.
The significant mix model (F = 45.40, p < 0.001, R* =
96.12%) identified a boundary formulation with an ob-
served acceptability score of 8.30 + 0.54, close to the
predicted value of 8.43. The final product contained
4.64 + 0.30% moisture, 28.50 + 1.58% protein, 15.30
0.32% total ash, and 15.00 = 0.64% lipid. Together, these
results support prototype feasibility within the tested
process and formulation domain. Scale-up or market-
level claims require independent production batches,
broader consumer testing, storage studies, and compre-
hensive safety assessment.
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Kondaukr nurepecon
ABTOpBI 3asBISIIOT 00 OTCYTCTBUHM KOH(JIMKTA WHTE-
PECOB B CBSI3U ¢ MyOJIMKAIIUCH JTaHHOW CTaThU.
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