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Abstract

In recent years, the use of foam-mat drying technology has been considered as a new, economical and effective
method for converting liquid food products into stable powders. This method has advantages such as preserving
bioactive compounds, color and aroma, especially for heat-sensitive materials such as paprika. Optimization of
process parameters plays an important role in achieving the desired quality of the final product. The aim of this
study was to investigate the effect of two process variables, including resting time (0 to 20 minutes) and mixing
time (1 to 10 minutes), on the properties of foam and powder obtained from drying paprika pulp foam using
microwave. The experimental design was based on the response surface methodology and central composite
design. Properties such as foam density and stability, efficiency, hygroscopicity, bulk, impact and particle
density of the powder were evaluated. The results showed that increasing the mixing time to about 5.5 minutes
improved the structure and stability of the foam, but excessive mixing had a negative effect. A rest time of about
10 minutes also helped maintain the quality of the powder. The coefficient of determination (R2) of the model
was obtained to be 0.97. This research can be used in the industrial design of dried powder production lines.
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Extended Abstract

Introduction

In the food industry, increasing consumer
demand for natural additives and
functional ingredients has raised the
importance  of  paprika  (Capsicum
annuum), known for its richness in
bioactive compounds such as antioxidants,
carotenoids, and vitamins. However, due
to its sensitivity to heat and moisture,
conventional drying methods often
compromise paprika’s color, aroma, and
nutritional quality. Foam-mat drying a
novel technique addresses these limitations
by transforming liquid matrices into stable
foams, enabling efficient drying at lower
temperatures. This approach is especially
beneficial for sticky and thermolabile
substances that are difficult to dry using
traditional methods. Microwave-assisted
drying further improves efficiency by
providing uniform internal  heating,
reduced drying time, and energy savings.
While the general efficacy of foam-mat
drying has been documented for various
food matrices, there remains a lack of
detailed optimization studies specific to
paprika, particularly involving the
interplay of key processing parameters
such as foam resting time and mixing
duration. This study aimed to investigate
and optimize the effects of two primary
process variables resting time (0 to 20
minutes) and mixing duration (1 to 10
minutes) on the quality attributes of foam
and paprika powder prepared by foam-mat
drying using microwave energy. The
Response Surface Methodology (RSM)
and Central Composite Design (CCD)
were used to model and optimize the
process, targeting improvements in foam
stability, density, powder vyield,
hygroscopicity, and bulk properties.

Methods

In this study, red bell peppers were
purchased from the local market in Jiroft,
Iran pulped, and stored at -18°C to prevent
physiological changes. The foaming agents
included milk protein concentrate and
maltodextrin, mixed at a 1:1 ratio. Before
processing, samples were thawed naturally
and equilibrated to room temperature. The
effect of rest time (0—20 min) and mixing
time (1-10 min) on the properties of the
resulting foam and powder was
investigated using Response Surface
Methodology (RSM), designed via Design
Expert v11 software. Foam was prepared
using a laboratory mixer, then spread in
uniform 5-mm layers and dried using a
microwave at 400W. The resulting dry
samples were ground and sieved to obtain
paprika powder. Foam density, physical
stability, bulk and tapped density, true
particle density, product vyield, and
hygroscopicity were measured using
standard procedures. Foam density was
calculated as weight-to-volume ratio;
stability was assessed via drainage over
120 minutes. Powder densities were
measured before and after tapping, and
true density was determined using toluene
displacement. Yield was calculated based
on  final powder  weight, and
hygroscopicity was assessed by moisture
uptake in a 75% RH desiccator over one
week.

Results and Discussion

Foam density ranged from 0.956 to 0.990
g/lcm3. It increased with longer resting
times and shorter mixing durations. The
optimal foam density (lower values
indicating more aerated structure) was
achieved at approximately 5.5 minutes of
mixing and 10 minutes of rest. The model
fitted with
Rz = 097 showed high predictive
accuracy. Foam stability varied between
58-69%. Excessive mixing (>5.5 min) led
to structural collapse due to over-aeration,
while shorter mixing improved stability.
Optimal stability was found with short rest
and mixing times. The regression model
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(R2 = 0.91) confirmed significant
interactions between mixing and resting
durations. Yield was inversely related to
mixing duration. Excessive aeration
reduced mass retention. The yield ranged
between 14.02% and 26.66%, with the
highest values recorded at 20 min rest and
1 min mixing. However, the model (R? =
0.63) had limited predictive power,
suggesting other unmeasured factors may
also influence yield. Hygroscopic index
ranged from 83.5% to 84.5%. It increased
with longer rest and decreased with
extended mixing. This behavior reflects
changes in particle structure and surface
chemistry affecting moisture affinity. The
regression model showed excellent fit with
R2? = 0.99. All three density measurements
increased with longer mixing durations
and shorter resting times, suggesting more
compact particle packing and reduced
porosity. The observed ranges were as
follows: bulk density from 0.31 to 0.43
g/lcm3, tapped density from 0.31 to 0.43
g/cm3, and particle density from 0.32 to
0.49 g/lcms.These changes were attributed
to smaller, more compact particles formed
under intense mixing. The R? values for
these models exceeded 0.97, confirming
strong model validity. Using desirability
analysis, the optimal condition was
determined to be O minutes of rest and 5.5
minutes of mixing, achieving a balance
between high vyield, foam stability,
moderate density, and low hygroscopicity.
This condition yielded the most desirable
product with acceptable energy use and
process time (desirability = 0.55).

Conclusion

This study demonstrates the importance of
balancing foam resting time and mixing
duration in the microwave-assisted foam-
mat drying of paprika. Moderate mixing
and minimal resting produced the most
stable foam and highest-quality powder in
terms of structural integrity, yield, and
moisture resistance. The application of
RSM modeling allowed precise
optimization, supporting its utility in

industrial-scale drying process design.
These findings provide valuable insights
for the food industry in developing natural,
functional, and shelf-stable paprika
powder products using sustainable and
efficient processing methods.

Keywords: Paprika powder, Microwave,
Flooring, Drying

Funding: There was no external funding
in this study.

Authors’ contribution: All authors
contributed equally to the writing and
preparation of this manuscript.

Conflict of interest: The authors declare
that they have no conflict of interest.



SHAESN 90 95359l Dl gi (g B wilo g Cuis

) FRLYYAY g il L
A ESNEEN)

OlayS aslg Journal Homepage: https://sanad.iaw.ir/journal/qafj/

SOy os - SG 38 s S gy WS Hlo e g eyl (loj puil (uwy
Banb 09 9098

' somo S 1,25 o SLSL (v 30 M0 58 (Slowbew o T Ludiilesr dundi (g i Ao
Il el ool o131 ol&itils ¢ Jlos ) o5 axlg ¢ 2138 wolio (owdige g pole 055"
Ol 025 e ¢ oDl ST olStils 03,5 10 wly (i lio (igo 5 pole 05,5
Ol b5 oy ol8ils o55,5laS oaStils o id mlio puie 5 psle 055"
Ol a5 25 o231 (55,5LaS 0uSails  lid gylio siiign 5 psle 09,5"

VECF TN i VESEYE el o

RN

b leyog e mbe @le Y ame had sl S5e 5 olaiBling (ohs) Olsiear psd (0,5 iS55l ool T gla s o
2,0 ylae 5 S, Sy oS 5 hds e alalie A pl wle Ol 4 Geles Slge gl ehgas (s, (nl el 8,5 18 4z g e
reite 39 805 o g ] ) B S e i) gl e osllas Sk @ ol 50 (sote G5 ] B sl el (sjleaige
Lo nb ol pgd 0,5 St 5l Jol> 105 5 pod sla g » (480 )+ b)) LS oy g (aiBo Yo b +) ol il ol Jols (san]
P ok g ails 1l ola Shy b plxl 635 0 S0 b g gl e Ghgy pebel 2 logilesl (2ib 0g 2199, 5 eolizul L
5 bl Souge Sl adBs /0 s5u> b LMis| Saw ilidl ols Hlas gl ol ol 105 slo,d 5 sl po slosgy amils o 55wy Sam o83l
oo s 5 092 e y09r kS Lads )0 35 diBs Vo dgan oyl leg ol it puil a1 i LS Jg e e pod s lub
9, 5 4 oad Sid slayg g bshas aio (b s Wl e (Ragh ool el S 4 1AV L 1 o(R?)

OO S ((hon S (99,50l A kL g suals slao]ls

5B ey cseme S L) et LS e 03 Gk ahas ltsuiles A (s i den 0Ll
olady @ Bale 5 codsS donl o0 5 psd 6o, 5es - Supd sla SRy » DX loyose 5 colinl ol

TAFA Slmio F o lods Foygs ((VF+F) o libolgs g g3p5leS
DOI: https://doi.org/10.71516/qafj.2025.1204874

Sl ele,S aly cadlal olT olKils ¢ s Ky © ()OS

njahanbakhshian@iau.ac.ir :sg xS caw obeiseslys duds 1] ghumo odduws ¢5*



mailto:njahanbakhshian@iau.ac.ir*

Yy VEF Sl oF o,les oF 0,90 (o ldc0lgo g (g5,9lis wludsy (g, ,B ik g Cuts

SiS ol (nyeS 9 (095 SiS S (YL
L oo,s Seis Laslie o 1) 55 Spae 9 59,5
L 085 St Phel 03,5 255 5 (sl
@tolge (0,8 i (gl orlio gy (SD9iS
L 45 ol YU 08 00 b otz 5 )y 4 Lol
ol g 0,8 S ) Lagl plssies ;S0 o,
oo iiS o 5 0itS S alge g 0 15 cSKaiS
JUisl ezl ped 0gbige hiod Il &S S5
9 3550 Jomaze ghaw (Sl Ccb 2 5 o)l >
Sladllas (V)ars oo ol 1) o Sis glos g oylo;
o=l as adlesls lss e lizee olafolge 69y p Shd
(Sl pgd il atile (ola el b willys oo Lo it
e ) e )L 5 (sb) sla Sy 5 w0l
G slwdigs 3550 40 (g0gamme Oledbl ( Jl> pl b asa
wadllas ool 5l Bas o,lo 0939 I pb (sl ol é ol
ARy nl Bae (M)ablige o0k 09 5 ped oIS
9 SLdn S by, jlesliiwl Lo LS pb y09 oy

Jole 93 (hg,y ol 50 sl 99,50l b 3 S SCas
S50 ol (05 o8 Glime 5 S coll ey (Lol
5509y ol &5 (sRegh el 4 B XS (e 58 (o)
W )8 sy p 0550 Jule g0 pl 5 olB S i L,
S9l95 ez 5l 3o ol gyl el 48,85 050

el 1o )95 4

SLEETY
CS 5l oadidngd el 0lusS yog 5l e ipgh pl o
By T g eSS a3y i S ogille 5 ool ol
b oolaiul b dlge lgieds lpdsl ags J5 oS b
et bz Gl ed e 5L 5 e 8 slaeds Jald
u_éj_u J—oL.w oslar_ul Sy @w 0‘94 ).:L.,.: J..n))f
s SIS glss o Jl ilie il gl
Joslyo— b So- V- 8 gV g S ol
a5 (Merck KgaA) e golis 5l 45 055 (DPPH?)
o Sty Gl Sl Sl o pl g aind
St 9 5 S sle pslitean 5 Jitie olKtyloj
a0 VA sloo ;o g o b a4 ( SS5eTes 5d

! Diphenyl-1-picrylhydrazyl

dodio

9 by il loslatul al;y 4y 9, g,y el ol 5o
Gl cge (it gl o (canb sl S0y 8l
LSl sl o0 LS ol aile Y game 4y dzgs
= @l S5 leiean (Capsicum annuum)
dagylo ST T o Lo 5l Jade sy oS 5
S5 g ogd oo S lid Loy g laadgiss)l5
@lamdss (9))l g pab « Ss; Sg—p )3 Slod S
ool sla s Jl ol b (Moo olié &Y g
e an ]y ol sl 8 pame (nl Cagh) 5 Lo S 4,
S O3S S Ll 03,5 oS 2l mlo )0 e
slagtsy Lol sl 0 5L 65l sl bs; izl
el (LT U o) S elon b oo 5 St wiile i
Jbsd SlaS 5 pals 5 K5y 28 CudsS S8l ge
pod 05 Sis ole =l 5o MNgb oo (S
Las coulond (dyme aallS 5 cngh (o35, ol
Ol GHlwSas (g b B 4 oge I oS
5 wmbie ploaly Y coteS L alojog wdgs (G
el (Mol oo @l 2 1) Gy oly= i
3l calial Gloj g (oo5e) BT Gl (goeen
P L I ] RTINS S IN
Sla S iy sl oo a5 s o] J5e (o S S2s
50 (Fasas 1,8 )._»Lm Sadd |y gade o9 ol
9y 4 Gl (s> hb 5l 6 pSose b ol iy
— S sla SRy e 90 () Sl Gl waw
ol icmslons byl Lo pl 09 5 pd 63,es
sloaul B gilwainge 4 ol oo esas a s
Ayl §O ot St aSd S S8 (gleSles
Lol e Carw oYL caS L (6,090 Y g ame
St b acslie )3 g299,500e (0,5 St S (o0
Py 4 n99,5le 5551 Bo)ls (pblie (Jgens 05
Lo S amjes Slgiee 45 o)l (Sn olge S5 xiSlgo
iS5 Pl g amo e el |y an T ey s S
085 SeiS (IS jbar (B)aidu oo Sgnte |) Jpazeo
S Glp AR sl R 99,0k SeS 4
OO SiS ) S e Pl won soles] o5
Sl s S0 g5lee 3 Job 0 5wl lis goledl
s99,0le 09,5 S (ol egdle ats sllasl



vE w88 y5dos — SO 38 s Shg p LS ylojee g el il oy y b oy 10yl 502 g (g yomious

(ol 09 5 2 S SRy » (4833 )+ LY ojL o)
s>hb b asd S o g (RSM) ol o (3, S
as..; Design Expert 1, 3ls 5 5l solitul b o jiole;]

O Jgoz) cépdy plosl 1)

sloaul s sLel 5l iy s 6 lagSS ol 5 sl
g o i orb Ojsod badisel (28]
O b wos a il o lae sleo 10 cels 90 S
l3aS olgo LM 21 Loy g (aaBo ¥r L5+ o5l ,0)

Wintlg 9 Jilao 5L puiiio W yloni’ (yg031 (>1,b Y Jgu

e

(aa8o) ol il e

£

st ¥ S
(4 do) LMzl o (Slg) oles

—

\. f..

\

NN

NN

NN

o> <|vo|le| 6|1

NN

—
.

_
| 6| 6| 6| 6| 6| -6|-6|-s

28,5 1,8 eoliiwl 550 (85 g (oliendssS, 58

P98 (Gakmmdld

P9 x> 4 09 Cumad (§S 0ol L pgd il
L g, S S5 S8 4 Sy poe ol o ailne
L Cody o ] s g o glas )| g Jlad o 1Fe 5l
S L cody mhaw (55,5 SBlo 5l G g 9 e s
bl b pgd Jiulad 059 e slod ;5 (ogasie
o> leo polidlplo ay by <8l o 50 516 88 & s
ool ped A ils 09l (xS sl Sy (905
(0D s 098 px> 4 298 ()59 S

Weigt of foam 0)

Foam Density = Voiume of foam

ped S solwl
2 p5d e B0 ols B L oad 00 S Ol o
LS L ool owilig) yio e A0 Hlad b sy il

w09y 4 L0 b o ) Sl a8

299,52k jl oolitwl b (Shgy i
ol 1) S g, 4 Sl o gy
5 = ey 0 lsS Sl gsls polie L 000
Sl a8 by e Voi) e Comid o S 0gidle
Yo Y osb o colinl by Jleel Jolis (g5lweslel
sloolaiwlbagdo Ve b+ o5 jo LY Lo g addo
Jo L 85§ g sl olSeg] 5 gl
i U s ol lef] g 5 baigns i
Sl sl om al sols (5l e e O eSS
Al Cod bdged wadolbnl WS S sl S
Sy Fee el ol L sss,Sale lKins 5 0,5 St
5y olwl 0o s Sas ladigai (bl jo a8 S 18
@ 2l anl g g wad ilucslese S @b

1 Milk Protein Concentrate



Yo VY. F )Léd £ o)Lo.,i: ¥ 0,99 “sﬂﬁxéé‘g.o 9 6})3“ u‘d.Jy é)lfAJLe 9GS

(S yio il jo p,8 < IAY 1) ol 5 il a0

003l

Aol j0e g Cad Gloie 4 Jg—azs 005l
o s s Sele 53,5 St ol 53 enalianse
Ol dcwlee d(A) alaly 5,k 51 ol

M
_ )
"=y,
(PG S D g

55 S gy 3 o9iiel LIk o5 (5Ss Ko
P53 S S D et Ol eSS L (Y0 )
Joome L ool )9ilSems S0 )09 Jawmg S 50 B0 00
o S 4 (30,0V0 (s Cuglo)) s oy IS gLl
A ools 18 (o5 sl 4> ,070) e slos (o atan
PrS Oogoh (285w Sed 9 )y o9 Akae Sl e
alayly Bilhae Sis oole 0,5 Vo vy o0l Ld> Cusb,

QR PRWIRN R
Hygroscopic = I:TZ x 100 QY
A diged (339 Gl 039 D g sl (55 Aaka, cnl o
S & adsl 039 9 (2l 0j9 S 5l 4 wda S

Solel sy 5
5o b lajles lel Julowigas o g ool 5o
L s RSMY) sl o (09, 4 Ginlojl (b 5
Jeloss a8 285 plonl (655 0 o8 po )b 5l oolil
Sogo VY asad Dy plio (138le 5 alwgay Wosls

! Response Surface Methodology

o gy lginl 595 1S (5318 13 e 5 (S
O § s (6 S 03l laors sles o ad 3o VY- Lo
O (V) adaly ool Ly pgd (S0 58 (o )lanly
099 5l Sk B0 sl p 4 oy sl (Vo)
3)90 039 9 98 2 pd Jl e B0 Hlade )3 pgd il

A e i e 00 e 4y oy sl 5L
vfoam %100 ™)
v0foam

stability =

209 Sl pd g slodgs atmuils
Jbesl v (6 ,:50510l b (@/CMB) Jogs (slodgs arewils
Vo g il ol S 0 09 2,5 Y Laugi ca
ally) 0 aubre T 4 05000 (e 55 ks
4o 5o d s L (@em?) jogs slay o aseudls (FoY
(ol VO gl )| o ay, 5 V%) o5 (sl ailgin!

OVas el gl e g ol Al

Mass of power(g) )
Volume of power(cm3)

Bulk Density(pp)=

Top Density(py) )
Mass of Powder(g)

" Final tapped volume(cm3)

)09 (&lao) (gloyd Al
Sl Vo yeg Sy S A | G 5L o0 05

3 sloyd il acd o (Se el b e g Ol Jiiis
Yo dnle(d) alal,

0
by = ©®)

==

(enSee yto sl p)5) (sloyd ainils Pp o]y &S
S—is osls e Vs g (p,5) Sa 535 059 M
(9= p>) Sl oole o sl (CaSlo yi L)
(V5 #) Laly, 5l ookl b cpgles olmle (g, lawss

OY) s dcwl
M

V=v - ®
S

Mgt = Mgys — Mg — M )

Fode 09 Mst oS yio 8le) mlo o)l pox> Vi
o) 039 Miss «(p,5) plo o)) 50,5 5 sl oo adlal
() pbe Ol 039 M (@,5) Mo 5 digei olyen &
Veogles y0 Gigde a il Ps g (p)5) diged 55 M



\id ...‘5.:)&1».: —‘sfo).d 6“;}15 » bLMs| Ou}a.u ) CA.>|).:L~4| CJL"} ).JL )y :oblS.o.b 9 Sy

oS o s anl p<e /00 Jlaxs] mhaw b by it

09 losmma el s (nl sl Joo B3l poe (gej]
225 slodls 4y Jae ceslie (351 Sk 5590
adoleo ;o pgd auils (gl asl o5l ol Jow .ol
).1‘ L ,bg.»]n Cdo w).ao (o ] 0 45|)‘ c(\)
s sauo s Lis (YS! ylej) X3? e pgo ax )0
po-d ails ali8l o el )by (o 5 558

il

Foam Density:y () slee)
= +0.9745
+ 0.0150x,
+ 0.0006x,
—0.0006x;x,
—0.0035x?
+ 0.0029x2

LMW S| ylao) g el mwl oy 51 b3,

Bonb pgd oSy » 1585 olge
oles 5 bl oLy slopitte 23l g jslarens
Egazmoyd LG b g8 Sloogas j jiS slge LIS
L Lo los ol as0,8 ooy (655 po abais 1o lass ) -
dLaoals 6).,..\_,))5.; ‘s»la))‘ 9 ua.ll.‘> 6Ua.’> \))51).3 RV
bk wszilr 105 i e Sy b el
boye polin wiad oelass gy g (39 4 Glalsj!
=275 loosls ol jopasy aiisly g i slo pxio 4
Sz Sl 0o & Y) Jeuz jo gl 51 Jol>
Ul oll s (o5l o dagsly (g ol o
syl slr (Fdsaz) <85 ©)50 ANOVA L s
e s F o)l b Ll el o colis
on S5 Jleiml ke 5 T Jue (5l pas (RY)
ot Pt i 3 ki e i 25 L5
ol ol 5 08 ysesl [0 (s loline pelans 45 Joe
40,8 Slpiiny Al o gl 4zl sl SYslee
Gis Joce 51 (P> 1+0) i b loline pé olSllas|
b piie slive i aled Gaam S ) SYolae g Wl

VB Y Yolee) sl drwgs ¢ loline

P93 dipanil
L pod atedls a5 sl s gy nl 5l Jol> gls
Ay, LSl ey rals ¢ ol iul ey ol
B Sl (75 slaosls bl cdls oaol5dl
Fosilaw )8 /AL </ ooguze jo pgd alowils
ANOVA (il ly Jeloss (¥ Jpaz) o )15 enS
3l aiedls gt lp a8l il Jow aS ol plas
Ol 8 45 slassSa Sl I 95 5 (VL s
ol o] Kilo Hlade cplael Cawsas </AY L ol (R?)
Iy didls Ol sy el Hol8 golpiiny Joo S
(F JgomInled (cnion 5 omed J92 JB & 500
g0 4255 5 blita (5 sl 51 5T o 8 el
Josine 358 oo ol 53285 13 Jitne (slamiie

3 .Central Composite Design
2, Lack of Fit
3. P-value



VY. F )LQ€ £ o)Lo.,i: ¥ 0,99 “sﬂﬁxéé‘g.o ) ‘5})5&;}5 u‘..\.J,J ‘s)lfdﬁbo 9 S

P9 dimly g Juwno G it oo -V Jou

UBTEL ¥ ,est s
) . V. <1204y
v v | “[AARY
\J Y- 0/0 <133 Y
f Ve 010 1A= A
o Ve V. -2 Y
s Y. V. < RAAA
4 . 0/0 -126YY
A V. \ -19AA]
q Ve 0/0 LG
\e . ) -1268Y

Sy el S paiio (355 9 0lo 9 Jliwo (G purio (6l Fwly Thaw gy b bdylewd (2 1,b T Joua
B Rl pgd aimil

Coefficient (B)
S35 (B) o35 ar9)
aeusle
Intercept VANATS
Linear
Xi: Curing time (min) +efo VD
Xz: Mixing time (min) feee®
Interaction
X1 X5 Y
Quadratic
Xq? —efe YD
X7? o[+ Y]
R? -/aY#4
Adj. R? “13AF)
F-value (model) YY/AQ
F-value (lack of fit) IYAYY
P-value (model) oYY




YA 50 ySlos —‘;u).d ‘slb‘;j.l’ 2 bMs QLA}Q.M 9wl ! an} ).Jia Yy :ol)&w 9 &y

foam dersity

& Minng Time

w

na

pgd Aimdld 1wl 5 Gl puiio Wl 1 Gz Hloged -} JSb

i oyl st oo po Joe ool &l abayly ol
o3 Sajed 5ol 5 ol
Ol ymss (N ISl s logaicudls sials Wy,
obey g cel il e

Omlial b as sl ylias

3) seiie 90 bl 21, pd sl
s e ) (L]

red sl
a5 psd 5l e (ule o pSojlal L S sl
Ol s 03gasme o(F) Jgo Billas 0l pond 05 o0
Ot O yerie 2oy FA-OA 5l psd (S5d s 5lky
O Oloy pite b Ve ) lens 4y gy ye 09 (5l

Foam Stablllty y (Yd.l.bl.uo) 6‘)_: g5’5:‘:—"“)f) JA_A Oy d.o.dé . u}‘)ml 9 4.9.:.9& \
= 4+26823;15 ol (5l Line 45 W5 oY) dloles s (Ml oimsiies
— 0.3395x, 5GP o0 0) wms o GLes PV=+ 1 YFF L 1) el b

+ 0.2778x1x,

S 8 solob s (5052) LM ley alssl
+1.63x2 + 1.2322 2° P S 9 = (O Oy ol

D)oty (S5 6ylnk D9 oe sualive (O) Jguxr
Lol oS 1,8 05 em oylojy cbale 50 cou s

p9d Gylwly dimsly g Jiiwo (S puiio polio —F Jou

Vst Y 5se
. &b
Slewd el ol LMzl e
. . (My))
(4a,89) (4a,89)
\ \- 74
Y Y. \ 7Y
Y Y. INIAS 44
¥ \- INIAS OA
I \ \ 4
4 Y. e 70
\4 INIAS #A
A \- \ 7Y
q \- INIAS 04
\ . \ 74




yva \F-F )Le‘.} g o)l.o..f.' ¥ 0,99 ‘L;j“;\.é.ﬂg.o 9 ‘5)’)51.&5 u‘»\.Jy ‘s)lfu\iLe 9 CaulS

Sl slp ol Gl puitio (0225 p2 Lo g Jiliamo (b putito (5132 Gy gl (g b Lo (2 1)b -0 Jgur

P9 Ssluly
Coefficient (B)
S ((B) O3S ) 0 32)
Stability
Intercept £YNO
Linear
Xi: Curing time (min) -fIYA
X2: Mixing time (min) AR
Interaction
X1Xz “IYVYA
Quadratic
X2 ias
X2? VIYY
R? NARPN
Adj. R? JINVVE
F-value (model) /- v
F-value (lack of fit) Yiog
P-value (model) -/ Y$¥F

foam stabiity

P98 Sl 2 9l (Gb puiiio il 1 (Gamsds yl0g905 —Y S

ol el eagn PV L ol (R Jow fpumetd o
GBS (m i 4o ;oL Jue a5 wao o olis ke
i Sl olping Aolas . 025 sloosls
o md D979 el 00l &l (V)adolee [0 j04 (Lol
IS asles ol 8 LSS o) i ol i

Wb oo Hog Glesly p Jele 1l oauals

Yield:y = +16.04 + 1.78x, (Y oleo)
—3.11x,

2% SR

0334

8l el LYW S le; il 8l L joen lead]
Ao, 3VFIFF GV Y oogaome yo pleail, S . Skes
o e bl ;a5 5l g o0gn as g4 5l o bl
Golo e 3B« Jaw o3l pae oS Jlo o s b))
as ol plas ANOVA Ll lg Judoo zuls og s k!



05 das — (S 5ud s S p BB (o je 9 il (3o T oy o 1050 g (g i

3993 093 Al 9 Juno s it oo —F Jgu

Vst T st
o ol gl oo LSl ol =it
(ai35) (aido) (-2
\ ) V¥AYs
Y Y- \ Y5I55
v Y- B/ YA/AD
¥ ) 810 VE/5OY
5 \ \ VE/- VA
B Y- ) YAV
v 810 VE/-Y
A ) \ YY)
% ) B/ VE/-0
\ ~ \ 1¥/24

pod amild sl Gl Lo yudtio (0 y25 p20lo g Jiliao L puiio (132 Gl gl gy b baylosd (2 1yb -V Jgu
292 033 lagwl sl o L

Coefficient (B)
Jrsagt (B) 955 )
(%) Yield
Intercept Vol f
Linear
Xi: Curing time (min) VYA
Xz2: Mixing time (min) R7AN
Interaction
X1Xo -
Quadratic
Xq? -
X2? -
R? IFYeY
Adj. R? 2
F-value (model) VIA+
F-value (lack of fit) 0+ /oY
P-value (model) <[N80




! VEF Sl oF o)leds oF 0,90 (10090 g (59lis Wludsi (g, B Wik g CatS

w0
B

6

A: Curing bme

2992093 32 9T 3 (gl yuiiio Wil I (gumsaun Hloges —Y S

5 ool ol ig Jae b (<44 0) 28,5 )8
X2 o Xi? sloailse 4y by e Cuie il 5 ((Falslas
oley 5 el ey ol 5 a5l Sl

A S 95wy Sud asli 5 LS

Hygroscopic Index:y
= +83.61
—0.0041x,
—0.6761x,
+ 0.0039x; x,
+ 0.0016x?
+0.6161x2

(Faloleo)

2 95w9 Y5
5 Sl oy Gali8l L S 98wy Son (oLl
Slo plis og2 51 o8l oy (LM sl ey ralS
oy AFIDF B AYIOY o5l o asls cpl IS Silee
ol o gl el o (A Jgaz)eals 3
SIS 138 Lyl (RE) Jowe (s o ANOVA
lie (55l 55 Jie YL s edimalis 45 o
S5 Sep 2S5 7 sleoshy
S (5l sae ssban (alh (nl (A Jguz)adl e
Jise slopuite pg3 a2y 5 blite as Sl S 3G

299 (959 S (S lh dwsly g Jiiue b yuiio yolie —A Jguor

Vgt Y s ]
e col il e Ly ol 959,52
(ai33) (43s) (22,2
\ ) AY/OY
i v ) AY/OYAE
v Y 0/0 AY/BYY
¥ Ve 0I0 AYIOFAA
8 ) V. AYI0035
i’ v V. AYIOSYS
v 8/0 AY/OA-
A N ) AFIOFYS
A Ve B/0 AY/BYN A
' | AFIOYEY




Y 50 ySlos —‘5591.«.5 Gugsfj'lﬁ 2 bMs an}cw.o 9wl ! CJL"} ).Jia Yy :Ql)l&w 9 &y

SLEML sl Ewl b yiio (2,5 0l g St G juiio gl Fwly haw Ghg) b bjled (21b -1 Jguar

29 285wy S sl
Coefficient
#5 (B) 5305 ffj@
Hygroscopic
Intercept INEQ
Linear
X1: Curing time (min) —fe o ¥
X2: Mixing time (min) —[PYF)
Interaction
X1X2 [+-¥4
Quadratic
X12 oleeNE
X22 At
R2 ARYIV4
Adj. R2 -/34Y-
F-value (model) NERVAY<
F-value (lack of fit) < [AFYA
P-value (model) Cofeee

2998 (S295wg Sy a8 olb pso Ol ST Gamsauw Hloges -F S

o boye (B5ln pas g o9 I3 sme Lo Ss cnl 10
aS ol L ANOVA mls cl sme o bl o]
AN g AV /AR S w lagal opl 6l Jae R?
seban les o ]y om0 lrosls was o lid aS o
Lozl ol ols (o3l Jow sleosls b com i 1B
s slo ite pg3 4z )3 5 Jlitte (o Sl Sl cos
2 Lagel nl lr soleiny Joo (V) Jgoz) aitws
Gy e o sl ol ools iulad (B-Y) Y olo

05 9 4235 0398 dduuild
0 0358 Alndly (gl Gy e (Sman laloges
oealS b gl aw joconl a1 (B) JSCE j0 0,3
il ialsdl LS ey il by ol il s
e 5 an Lo el il ol (IS Ol st sogase polie
glem® 4 -/¥y--/fY glem® /vyV--/fY glem?®
odd il sl Jaw () Jga) ail oo <YV --/FQ



A3

VEF Sl oF o)leds oF 0,90 (10090 g (59lis Wludsi (g, B Wik g CatS

Top Density:y = +0.4190 (Falslae) auils slagal 1) colial by 658 il X2
+ 0.0005x, o )
+ 0.0667x, &S o dmlioyd gy
+ 0.0002x; x, Bulk Density:y = +0.4153 (B aolas)
+ 0.0006x} + 0.0042x,
—0.0690x2 + 0.0693x,
Particle Density: y (Yadoles) + 0.0008x, x,
= +0.4717 —0.0007x?
+ 0.0006x, —0.0734x2
+ 0.0928x,
+ 0.0052x, x,
+ 0.0002x}
—0.1025x2
3999 030 (A b 0097 Aol Ay 9 Jimo (B putio polio —V+ Jguo
pLE Y 5st
s L Lres] e 0343 dlmnils A o Apandld 0,3 dludld
o IO o @lcmd) @lcmd) @lcmd)
(ad,85) (ai8s)

\ \-. ARSI <JEYYY DAtaAR

Y Y- \ AR ARAR ARG

Y Y- AN </FYVY </FYaA </ f0Y

¥ ). AN </FYAA <JFY-Y </FAAY

N ). \e. ARRYA DARRA /YA

4 Y- \-. ARRYA AR RN </fYYY

Y AN DARR A JARRAY <[fPYE

A ). \ ARIAYA AR </YYYY

a \e. AN AR </fYAQ </ FAYY

\e. \ <IVVVY /YY) </YTYY




89 5o — (S b SS9y LS ylojiie § ool il b sl owwy 2 10y 5C0 5 (6 yins

gty sl Eusly S yio (o225 510U g Jiiws (U0 peiin (511 Gy i b9y b B lond (> 15b N oo
3993 033 g Ao Slodgs Al asLis

st (B) o355, < »2) Coefficient (B)
’ Bu(llg/g?nrglty Top(g /CDH?Q)S'W Particle Density
Intercept ++/FVOY ++/f14- AR AN
Linear
Xi: Curing time
(minc); [+ Y wefeeeld [++o8
Xz Mixing time . . o
(min? [-$aY 1ol S8V [+aYA
Interaction
X1 X5 NEEEYN ofeesY NERY 1
Quadratic
X2 RN, NR— ofeesY
X2 —+[-VY¥ ENEE IR
R? -/a9f4 < JAYAY < JAAAY
Adj. R? < JAAAF LR < JAYEY
F-value (model) \INZAR To/AY YeloYY
F-value (lack of fit) YA \EZIRYN AAVARY
P-value (model) ofeee LA feeed

Tappe denaty (gfom3)

s '“\.
SasSaaaaA

TR RS O TR

‘\‘\\\s\\\s‘ e
TOOLRONRR LA
O\ )

Buk dencry (gfam3)

3993 030 9 A pud 0395 Adumnild g9 99T y3 (G puitio I T (Gursdus IO g0d —O S



AN VEF Sl oF o,les oF 0,90 (o ldc0lgo g (g5,9lis wludsy (g, ,B ik g Cuts

Glo Shg an o, cqge LS L adds 0/0

o)) @l (Y jler)ans 5 slpiiny s )5 e S
LYY Jgaz o (F) JSo 50 aig diges @i;g‘Leﬂ

! 00

Aot W335 (et

L)‘)_"‘Q l_: Ao 4_>5.o.| sobj_'; 4*._......".) 9 @}L”j)i‘-“
LSl pocd 30,5 St (gl 700 L +/00 cepsllas

Bud (51r 535V ouds S s 9 (2Blg 2 Olio ol yod l381e 55 bawgi ool (a6l prdiio Aot ol VY Jgu

Qo -
> £ > > o 3 3
€2 828 28 2 5| 3| = || | |l 22333 b
E5 8|5 &5 8| 5| 2| B | 5| &) 2] T|F4 LA ¥
aQl 2 o o o S 3 3 ~
T
- [¥7 AY/OA </ AR AR YAYY | FAA | YSSNO | QYD | VYISY | YY/OF | VF/-Y 10
<IfY INEIN < /¥Y AR <\Y Y00 | F/-N [ Y-¥/29 ] /09 | YANA | YY/#- | VF/-Y

Porosity = 0.1359495

Q 10 [+} 10 14.02 2665
SoCuring time = 0223924 B:Miirg tima = 5.02374 Yiald = 1402

1648 2733 9535 2719 531 13472
L* = 22 6091 a* = 181806 b =9 59888

795339 134455 455956 54.511 111511 30348

Bl = 10 684 Hus angle = 450108 Chroma = 23 5594
O ‘—._l
00138 [LR R 03112 04317 031492 04388

Bulk density = 0417063

Bpdensity = 0.425341

—

43519 845426

03197 04912

Hy grosco pic indax = 83548

Particle darsity = 47336

(P99 310) dhuty yo92 -7 S5

Desirability = 0.553
Solution 1 out of 6



\id 0 5o — SO b élb‘sfjg.s 2 S o jose g col il b ).uL ol es g g i

(i35 N S slapley jo Lel sl pod (g lly
W5l (2ole Sl (U S Sl o B8 e
o= P9 Sl o cmizren (28l a8 6k
2ty gyl e b U s B
WDl oold Cexl il a s o VO L Ve 4SS pladiges
330 laasigel 4 o 53V (55luk Sl jsboa
(B Ve 5l i) GYeb coluul gllo b el il
2Lk sl B o doa Y|yl ol ol
Wl 039 i g Lalyd jo gt (s n LSl
§ (Fmmiddd Ay i ol s Col il a S Jb o
i Jolss ¢ IS jsboay ol oas S lisle zals
19 (lodiiS a5 el il e 5 LS e
OO Sis wnlpl i UGS (S sl Lais
S g o9 2Lt 033 » () peaiiies 586 5 )l
S_is 35 033b (1Y) el dggie kS o5 Jsamme
MPC s MD L ou_is g5 oo josz pgd 5l oads
el gl g (oj—en (ls) yiie 93 Eod
Jome ols plzs o Shoe sl s sl (V) IS
ol oyl sl c ANOVA Jgoz 5l sais sioo i
w5 Py =e [ YFY L el ol ol (F)alolas
S|l il a8 0050 e Al lolie w0 O S
Ao, VB BYF/F 5l e las Jgaz ,0 005 (gl 0uls
9 ol 51033 (55, 1 ST ,8b Jale 092 yuiie
a5 Hobles ad (35en ooy g Coltul Gloj peiie
A0 oo LS aite hie o pd Cowl Lastive alaly
5 el ABI3S 003l (59, 1 e iU s ol aS
Ole) yeiio 45 095 o0 onaline f (rlaws jloges
b ol Bl e g (285 g, aiS0 A-Y Sl 050
ai 8oV U s ol il Gl Cmimmed g ools oLas
Yoode aids 5l ool sl eyl Sl 5b
E8 )5 ams Gl oe Sou opl 5l cslis 1) 5l aSTas
e o (s Cple Jdo 4 sle g8 Lelse a5
5 Sl (slwog,S 092y wiyls (558 slasise St
oyl Vob ooy b o 1 g 0 5 K]
g (2eS (6t el b pgd 0250 513 (3500
5 aS ool sloacls owl sszg 4 cde 4y S o
Gl pod JloS 5B o0 (ugeine (g L
A Ls (VA 09-b oo 0dgi (6 5 Sem j09 9 dam3 oo
Femshk, cia oo sammsglis og (g 95wy Son

2 psd olor 55058 sl Shs Cvenl 4 az g b
D9 ltd CodeS 5 lwSis a ] b gluaty
Obe) O3 gV ga 8 slo pate il 5.8 Jolos
o355 Slotas LSl 5 el ey 5 b
Eoly gl Pk 5l xS ose b cnl )0 ol
53t 5 5 bty s a2y ol e
S e pod indls 285 15 w2 0)90 2l o
bl byl 5l (Sl (giluSas al>
25 SlodiS (el (LB Sy S (gm0 8 T8 0
L)l g pod o)l i GLSlowy ) 65 SIS0
@l (05 o Lol oled jo92 (A5 sla Sy
obej ol L as ols plas (pwgsy ol 5l Jool>
yobda ped At il .85 B0 dga > L LMl s
PR 0959 5 (b el Gl a5 28l pals s lobine
o330 5K 3 e sl sl 5 gl 4 g
J=do an (addo V) S Ve b lagle; s (J> ol
po-d o515 sl (oaslgn S1 o (oegd ASLd B
Sl o) Jrels sauas lis a5 cdl ioli8l loaoxs
ol gl ooy 8l gz K00 Sgm 3l ablige (ga9b
ooy b gbvasges aS ols lis 5.5 LYW 51 e ped
9 Fomly ahwils w88 V- L5 o5l yo col il
oy (il Al i ogdlae (agd LSle Az
@il 5 S (6l LS b ) 5L Yoo
slogiss olat y0 Loty n ohigt (Jese lslo
Vool Gre)as sl s cot il Blie o ol (Sl
Ol8l g e Lol i 4y ponle ((akds
Sl ol ks mlsS cggomme,s (V)00 )5 pod aiils
AU el ploj g XS ploj o S o0 45
ek cnl g 4l pgd anedls pliee p g et
5 SibwSias )3 aled 0, Sdes g g8 JliSle CuiS
S pod lanl ol JAS ST jog 4 Jras
P9 Sslmb (GLin S aul jo sulS sl el
Yy S| ORI B S PO W B R W 3
o A5 e 0sile b s &jp0d g (5l
O oSt 5l (akdo Yo digal y5ba) (e loy CudS
L LY ol Lial3il a5 ols lis gl b dpnlons

Gl 4 e (42,35 0 el ;5b) painie 3> K,



A VEF Sl oF o,les oF 0,90 (o ldc0lgo g (g3,9lis wludsd g,k g Cuts

& S Ao

@ lanl wnlp ool pli ola)lae L5516 (LG 5o
(Sriqcash; Sla iy s 0 AL S5 pgd
g cliul pley adids jao Jold wiul )b ange Ly
S Jedos 0§ e die LY S Lo aads /0
aylb o colil glej 5 LS oloj sla ice
! S5 tinge 45 sl L5 LS o3 0 SSis
Gl pgd S Sonp stz B 3T Lyl
2P e S ols 3 L) g anl b esily
5 cmlie LYW Lo 5l S 5 Slsail ogls ol
VSO WISV EPRNER SR P
2959, 50 omby (JE Aoz I gslbe sla Sy
Sl a8l plal e cawlio 005k 5 Do
Obsy @Al g a il s anlp gds olb
o ol Gloyog e wds 0 1) el (oS Sas
Anlege sl o)l >

63! Sl

Sy os G0y s lew il (B aiin s abwgino
oles tloao Lo, Son 5 Lo sloal, dacoles
ot gLl gt ml pll jo glaigSay aS g0l 3
Ayl o0 3l eilosges

&b (B,
Sl m8le ol digS e Baun g

References

ol el (Bl el il Gloj Gl bl Lanoe
L Jbsd slasSge ulod (ialidl & Wilgs o0 9090
oaly s ol il (b g tsle olpss S o lae
= YL LS slagle; ;3 (058w Son AalS 098
5 09m Olyd xS le o o Joa Yl
2 00 0552 Cagho, bir B e > als
stelie Dig; «(gloyd 5 (glaypo csloogs (slaainils )5
5 ol il ey Srals Lol saslice b ol )bl b
aS a8l ol dl earwils YS! oy ol
LY S 5l o j0e Jlslas ol oo il 4 wilgh oo
Y s ftd ol o 09 5 0ol S S5 s
oS samo i i su ol o R?>=-/AV-+/49)
s 4y 0e bawl cpl Smiin jo o cwlie
Oloj a5 0855 amti Glsice GRagh cnl 5l enalcesey
2 9950 ly Rl cel 0) wo lej 5 ol
BT o 5 e i3l ol JLis 4 5 o psb
auS e loy ralS gyl an il ol b wdl o
MPC slajog sl gy lome Lali8l L (YY)
5 b Sl zobhw Gl Lo 4 o b S5
asely olas e pizmes (YV)2EL ol sgoue
ceel olyd ojlasl pals Jds 4 (£¥+) MDedale a5
2 4SS bar pbios sl o S 5 2 MIH
Jusl eeel 5 Szss 2d 092 0 sl b J&s

(YY) 0gd oo 35,5 O3 slad

1.

Sanatombi K, Rajkumari S. Effect of processing on quality of pepper: A review. Food Reviews
International. 2020;36(6):626-43.

2. Park JY, Yang JH, Lee MA, Jeong S, Yoo S. Effects of different drying methods on
physicochemical properties, volatile profile, and sensory characteristics of kimchi powder.
Food science and biotechnology. 2019;28(3):711-20.

3. Valdivia-N4jar CG, Moreno-Vilet L. Novel Methods of Food Preservation. In Quantitative
Methods and Analytical Techniques in Food Microbiology 2022, pp. 189-212). Apple
Academic Press.

4.  Thuy NM, Tien VQ, Tuyen NN, Giau TN, Minh VVQ, Tai NV. Optimization of mulberry extract
foam-mat drying process parameters. Molecules. 2022;27(23):8570.

5.

Nguyen TP, Songsermpong S. Microwave processing technology for food safety and quality: A
review. Agriculture and Natural Resources. 2022;56(1):57-72.



A

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

05 das — (S 5ud s S p BB (o je 9 il (3o T oy o 1050 g (g i

Chen BL, Lin GS, Amani M, Yan WM. Microwave-assisted freeze drying of pineapple:
Kinetic, product quality, and energy consumption. Case Studies in Thermal Engineering. 2023;
41:102682.

Kumar G, Kumar N, Prabhakar PK, Kishore A. Foam-mat drying: Recent advances on foam
dynamics, mechanistic modeling and hybrid drying approach. Critical Reviews in Food Science
and Nutrition. 2023;63(26):8275-91.

Cakmak H, Ozyurt VH. Effect of foam-mat drying on bioactive, powder and thermal properties
of carrot juice powders. Anais da Academia Brasileira de Ciéncias. 2023;95(3): €20220554.
Salahi MR, Mohebbi M, Taghizadeh M. Foam-mat drying of cantaloupe (C ucumis Melo):
Optimization of foaming parameters and investigating drying characteristics. Journal of food
processing and preservation. 2015;39(6):1798-808.

Dehghannya J, Pourahmad M, Ghanbarzadeh B, Ghaffari H. Influence of foam thickness on
production of lime juice powder during foam-mat drying: Experimental and numerical
investigation. Powder technology. 2018a; 328:470-84.

Dehghannya J, Pourahmad M, Ghanbarzadeh B, Ghaffari H. Influence of foam thickness on
production of lime juice powder during foam-mat drying: Experimental and numerical
investigation. Powder technology. 2018; 328:470-84.

Dehghannya J, Pourahmad M, Ghanbarzadeh B, Ghaffari H. A multivariable approach for
intensification of foam-mat drying process: Empirical and three-dimensional numerical
analyses. Chemical Engineering and Processing-Process Intensification. 2019; 135:22-41.
Caparino OA, Tang J, Nindo ClI, Sablani SS, Powers JR, Fellman JK. Effect of drying methods
on the physical properties and microstructures of mango (Philippine ‘Carabao’var.) powder.
Journal of food engineering. 2012;111(1):135-48.

Darniadi S, Ifie I, Luna P, Ho P, Murray BS. Foam-mat freeze-drying of blueberry juice by
using trehalose-B-lactoglobulin and trehalose-bovine serum albumin as matrices. Food and
Bioprocess Technology. 2020; 13:988-97.

Moura TP, Aquino AC, Rodrigues S, Afonso MR. Hygroscopic behavior of bacuri powders.
Pesquisa Agropecuaria Brasileira. 20242;59: e03503.

Moll P, Grossmann L, Kutzli I, Weiss J. Influence of energy density and viscosity on foam
stability—A study with pea protein (Pisum Sativum L.). Journal of Dispersion Science and
Technology. 2020;41(12):1789-96

Crowley SV, Gazi I, Kelly AL, Huppertz T, O’Mahony JA. Influence of protein concentration
on the physical characteristics and flow properties of milk protein concentrate powders. Journal
of Food Engineering. 2014; 135:31-8.

Joardder MU, Kumar C, Karim MA. Multiphase transfer model for intermittent microwave-
convective drying of food: Considering shrinkage and pore evolution. International Journal of
Multiphase Flow. 2017; 95:101-19.

Khashayary S, Aarabi A. Evaluation of physico-mechanical and antifungal properties of gluten-
based film incorporated with vanillin, salicylic acid, and montmorillonite (Cloisite 15A). Food
and Bioprocess Technology. 2021;14(4):665-78.

Crowley SV, Gazi I, Kelly AL, Huppertz T, O’Mahony JA. Influence of protein concentration
on the physical characteristics and flow properties of milk protein concentrate powders. Journal
of Food Engineering. 2014; 135:31-8.

Seerangurayar T, Manickavasagan A, Al-Ismaili AM, Al-Mulla YA. Effect of carrier agents on
flowability and microstructural properties of foam-mat freeze dried date powder. Journal of
Food Engineering. 2017; 215:33-43.



