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Abstract:

Biscuits are dry food products that are highly susceptible to moisture uptake during storage due
to their porous structure and low initial moisture content, making the control of water vapor transfer a
critical factor in maintaining product stability. This study aimed to evaluate the effectiveness of
metallized biaxially oriented polypropylene (Metallized BOPP) packaging in reducing moisture uptake
through a direct comparison with non-metallized biaxially oriented polypropylene (BOPP) packaging
in a single biscuit product, while also monitoring the response of three biscuit products stored under
metallized packaging. A longitudinal field study was conducted over a twelve-month period at three
storage locations in Yemen. Monthly measurements of moisture content, water activity, and sensory
properties were collected, and the data were analyzed using linear mixed models. The results showed
that metallized packaging was associated with significantly lower moisture content and water activity
compared with BOPP packaging in the product used for the direct packaging comparison, accompanied
by a clear improvement in crispness. The analysis also indicated that storage time was the factor most
strongly associated with changes in both physical and sensory properties. Among the products stored
under metallized packaging only, no significant differences were observed in moisture content,
whereas differences were detected in water activity and sensory properties. These findings support the
effectiveness of metallized packaging within the limits of a direct comparison conducted on a single
product, while highlighting differences in product responses under the same packaging system.
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Overall BOPP_HS_30 288 475+ 1.79 1.55-7.85
acceptability Metallized 288 6.64 +0.84 4.10-8.40
Abu Walad 288 1.58 + 0.67 0.14-3.56
Moisture Bourbon 288 1.58 +£0.53 0.20-2.93
Tops 288 1.75+0.61 0.28-3.01
Abu Walad 288 0.259 £0.033 0.171-0.332
aw Bourbon 288 0.270+£0.016 0.224 -0.308
Tops 288 0.290 £ 0.021 0.228 -0.330
Abu Walad 288 7.35+0.38 6.52-8.18
Product Appearance Bourbon 288 7.79+0.21 7.25-8.22
differences
under Tops 288 7.67 £0.52 6.41-8.92
. Abu Walad 288 6.62+1.04 3.65—-8.89
metallized
packaging Crispness Bourbon 288 7.80+0.39 6.42 —-8.36
Tops 288 6.62+1.03 4.18-8.71
Abu Walad 288 6.42+0.71 4.24-7.92
Taste Bourbon 288 7.91+£0.31 6.87-8.41
Tops 288 8.05 £ 0.56 6.38-9.00
Abu Walad 288 6.64 £ 0.84 4.10-8.40
Overall
. Bourbon 288 7.82+0.33 6.64 —8.38
acceptability
Tops 288 7.12+£0.80 5.21-8.70

Packaging effect i 3] ¢diag yall 434l

BOPP . 4yl in Abu Walad

- hirall CahaV) + Lasgiall Jias aial) :ddiadla
aw = Water ¢SD = Standard Deviation
Abu  ~iie o metallized packaging BOPP = Bi-axially Oriented

Product differences i Ly «Jasd Walad

¢Activity

g5 Sl Analysis i .Polypropylene
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oalia) e seliy miiadl Jah eld) L)
o oSay Lo sty bl Ll AuS 8 il
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daly eladly dlagpall il e aan Gaeadll

[22] il
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Liajll A aging ST uatll (IS5 (2) Joaal
G Gl 1an ey sdaally Alke IS Jiily
e Blaally Liglayll Ja) davia (p dacly A83le
1Die G Sy o)lie) (g chaanl) ailadl
il Jie dulie e gaAl dalse e Jyea
el Glawy auiall sy (e
Cusad) b Aajill g ASHl (ailad,

cilatidl 43 under metallized packaging
(o ) aand &5 L dadd amaal) Caalanll alas caas
bl galy ATl adlse

il Gan o claiiall i e ey
G Bl Ll adll cpell S8 anad)
g ) e <Csiysrs Ay sl skl (sl
Sl Bl Jas gos B cQusi b caik
coust @ Osnsr G Ay sl e el Bl
& O30l (ot B8 b ¢ pual) (griad) oy
& Aad el Qg dan ey cAaaslly el
Jll Clgine Caa) Gl yuSaily caalall
letag aill oda udiy .laiid)l Gu S
Slo oAl sy S5 Y Dyl dubay Glalas)
O Gl ANy e 3 (@l digina
Bl ) il aladiul Gy clavial)
oyt S cdaaiadl Losl) Gl)Hlad)y abisa)
Oaraall Caalaall caad calainal) dolaid caladldl
Glald Hig5 atel aae (o s () Laaliad 00
e i) oyl gpalae s o AuSH
Ay L aly sl miie o aeadl e il
preaill (yara Calil) el caat - bl il
Slo calill g S mA anad Y GlA (il
Odad) Calidll s L cpdlll Gagis Gsns
Lo

ve Baaly Laliddl ool (gl ek
o il Alae Goeadd) Caadaill ol
Jvgiall (as) Cus caly sl mile B (aead)
@5l <0.67 + 1.58 N 1.50 + 2.81 ¢
0.052 + 0.314 (e Sl Blial) (i) as
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pailadll g aq gk )l uﬂy(ﬁ‘fyi);u g J=“‘ gy o) WS 23] dshall palaidl ds)y

ol Syl il g 505 e
culailly Gasaal) Calaill G 39 2 andl 2 Cus

Gty cpailly insall i Jasm aas cprnan e

donpal ailaadll jun ) gk ) Lol
LS ([24] ziall saeall Lol L) )aid
Sl Llall sl e asdl o Liad el
Jobl 55l Laajll e Laliall 8 aguw 250l
pladl el Joadll e Glagl (eSai e 529 ([25]

Al (st Canagl il ae oladY) 138 Guing ([26]
Dl zila e dagyeall il adiad Gpall Slaall e Llial) 5 aeedl il
sishll (ggimall e JS) (LMM) Labisd) Jasl) LS ([27] Lelaally ankally diajll @lld 3 Ly
A il aalally dsasally Al Jalaalls Gl e & ol 138 paind (91 il Caee
zisad aladial eladl yutie Julas a3 s g [28] oaall P bl eall Jgal)
OLS-) difie &jbes sladl pa adll o) pabaial b Cagymall aslesill Gulul) el
S aad) e Cadall adel 3y (HC3 Liap i 8 L FSY) Jalad) iay dgha )l
Jagecd 1 GasliaY) Cibariall Gmge o cdann ye [29] Locad) g aalyig oSl

Ay ol giial dpeal) ailadlly Lighyl) e Ao Cadaal) goi il g dgal @il 1(3) Jgand

Variable Term Estimate p 95% ClI
Metallized (vs BOPP) | -1.2333 | <0.001 | -1.5848 to -0.8819
Moisture Month 0.2303 | <0.001 | 0.1794 t0 0.2813
Relative Humidity 0.0012 | 0.958 | -0.0421 to 0.0444
Metallized (vs BOPP) | -0.0549 | <0.001 | -0.0676 to -0.0421
aw Month 0.008 | <0.001 | 0.0061 to 0.0098
Relative Humidity -0.0006 0.49 | -0.0021 to 0.0010
Metallized (vs BOPP) 0.2149 | <0.001 | 0.1874 t0 0.2424
Appearance Month -0.101 | <0.001 | -0.1050 to -0.0969
Relative Humidity -0.0012 | 0.479 | -0.0046 to 0.0022
Metallized (vs BOPP) 2.2812 | <0.001 | 1.7684 to 2.7939
Crispness Month -0.3358 | <0.001 | -0.4101 to0 -0.2615
Relative Humidity 0.0021 | 0.947 | -0.0609 to 0.0652
Metallized (vs BOPP) 1.6527 | <0.001 | 1.2987 to 2.0068
Taste Month -0.2331 | <0.001 | -0.2844 t0 -0.1818
Relative Humidity -0.0002 | 0.994 | -0.0437 t0 0.0434
Metallized (vs BOPP) 1.8842 | <0.001 | 1.4716to0 2.2968
Overall acceptability | Month -0.2801 | <0.001 | -0.3399 to -0.2204
Relative Humidity 0.0018 | 0.944 | -0.0489 to0 0.0526
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OLS-HC3 <LMM = Linear Mixed Model
= Ordinary Least Squares with HC3
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Variable Term Estimate p 95% CI
Bourbon (vs Abu Walad) | -0.0011 | 0.991 | -0.1841t0 0.1820
Moisture Tops (vs Abu Walad) 0.1699 | 0.069 | -0.0131to0 0.3530
Month 0.0272 | 0.014 | 0.0055 to 0.0488
Relative Humidity -0.0142 | 0.129 | -0.0326 to0 0.0041
Bourbon (vs Abu Walad) 0.0113 | 0.003 | 0.0038 t0 0.0189
a Tops (vs Abu Walad) 0.0307 | <0.001 | 0.0232 t0 0.0383
v Month 0.0008 | 0.089 | -0.0001 to 0.0017
Relative Humidity -0.0006 | 0.138 | -0.0013 to 0.0002
Bourbon (vs Abu Walad) 1.179 | <0.001 | 0.9235 to 1.4345
) Tops (vs Abu Walad) -0.0006 | 0.996 | -0.2561 to 0.2549
Crispness
Month -0.108 | <0.001 | -0.1382 t0 -0.0778
Relative Humidity 0.0056 | 0.667 | -0.0200 to 0.0313
Bourbon (vs Abu Walad) 1.4844 | <0.001 | 1.3188 to 1.6501
Taste Tops (vs Abu Walad) 1.6295 | <0.001 | 1.4639to 1.7952
Month -0.0491 | <0.001 | -0.0687 to -0.0295
Relative Humidity -0.0007 | 0.938 | -0.0173 t0 0.0160
Bourbon (vs Abu Walad) 1.1865 | <0.001 | 0.9847 to 1.3883
Overall acceptability Tops (vs Abu Walad) 0.4819 | <0.001 | 0.2801 to 0.6837
Month -0.0897 | <0.001 | -0.1136 to -0.0658
Relative Humidity 0.0035 | 0.733 | -0.0167 t0 0.0238

O dusine 358 el ol ¢ skl (gimall duailly
AL ((p=0.991 <0.0011-) s sy 5052
P <0.1699) Gsins aly sily Guss (o GHl (S
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Lo gl i) Galiad) Y Ald) i) i
805 ) Ampall ) a5 Lty Ayl 5l
aw = ¢« MM = Linear Mixed Model

P < 0.05 QY2 5w 2ic) Jwater activity
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Model Tested interaction Variabl_es with _significant _Sta_ti_stical
interaction significance
Abu Walad: Metallized Packaging type x Moisture, aw, Crispness, Taste, <0.001
vs BOPP Month Overall acceptability '
Abu Walad: Metallized Packaging type x Moisture, aw, Crispness, Taste, < 0.001-0.002
vs BOPP Storage location Overall acceptability ' '
Abu Walad: Metallized Storage location x Moisture, aw, Crispness, Taste, < 0.001-0.009
vs BOPP Month Overall acceptability ' '
Products under Product type x Month Appearance, Crispness, Taste, < 0.001-0.020
metallized packaging Overall acceptability ' '
Products under Product type x Storage aw, Crispness, Taste, Overall < 0.001-0.038
metallized packaging location acceptability ' '
Products under Storage location x Moisture, aw, Crispness, Taste, < 0.001-0.045
metallized packaging Month Overall acceptability ' '
s et zilill eca Gilas) Ggies Lull) cdlelal) Jgaall  ajm rddasdl

Ualay) Y1 duginal)l clelinll 5l e labas

g5 i i ada iRl (g Adadill
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. . . Mean o
Analysis Variable Comparison Difference p 95% ClI
Moisture Metallized vs BOPP -1.2333 <0.001 -1.4239 to0 -1.0427
Packagi aw Metallized vs BOPP -0.0549 <0.001 -0.0620 to0 -0.0478
:fcfeacf'i:g Crispness Metallized vs BOPP 22812 | <0.001 | 2.0906to 2.4718
Abu Walad TasteII Metallized vs BOPP 1.6527 <0.001 1.4621t0 1.8433
Overall Metallized vs BOPP 1.8842 | <0.001 | 1.6936t02.0748
acceptability
Moisture Tops vs Abu Walad 0.1699 0.069 -0.0131t0 0.3530
Bourbon vs Abu Walad -0.0011 0.991 -0.1841t0 0.1820
a Tops vs Abu Walad 0.0307 <0.001 0.0232 t0 0.0383
Product v Bourbon vs Abu Walad 0.0113 0.003 0.0038 t0 0.0189
differences
. Tops vs Abu Walad -0.0006 0.996 -0.2561 to 0.2549
under Crispness
. Bourbon vs Abu Walad 1.179 <0.001 0.92351t0 1.4345
metallized . I
packaging Taste Tops vs Abu Walad 1.6295 <0.001 1.4639t0 1.7952
Bourbon vs Abu Walad 1.4844 <0.001 1.3188 to 1.6501
Overall Tops vs Abu Walad 0.4819 <0.001 0.2801 to 0.6837
acceptability | Bourbon vs Abu Walad 1.1865 <0.001 0.9847 to 1.3883
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clatiall Gm Ggilly il 5l (Hedges® g) il alaalf :(7) Jsaadl

Analysis Variable Comparison Hedges'g 95% CI Higher Group
Moisture Metallized vs BOPP 1.0577 [0.8833, 1.2321] BOPP
aw Metallized vs BOPP 1.2646 [1.0857, 1.4436] BOPP
Packaging | Appearance Metallized vs BOPP -0.5546 [-0.7210, -0.3881] Metallized
effect in Crispness Metallized vs BOPP -1.3334 [-1.5140, -1.1527] Metallized
Abu Walad Taste Metallized vs BOPP -1.3923 | [-1.5744,-1.2102] Metallized
Overall Metallized vs BOPP | -1.3423 | [-1.5231,-1.1614] Metallized
acceptability
Abu Walad vs Tops -0.264 [-0.4280, -0.09995] Tops
Moisture Abu Walad vs Bourbon 0.0017 [-0.1616, 0.1651] None (equivalent)
Tops vs Bourbon 0.3 [0.1357, 0.4642] Tops
Abu Walad vs Tops -1.1088 [-1.2843, -0.9334] Tops
aw Abu Walad vs Bourbon -0.4361 [-0.6014, -0.2708] Bourbon
Tops vs Bourbon 1.041 [0.8669, 1.2151] Tops
Abu Walad vs Tops -0.7007 [-0.8689, -0.5324] Tops
.Product Appearance | Abu Walad vs Bourbon -1.4392 [-1.6225, -1.2558] Bourbon
dlffer:nces Tops vs Bourbon -0.3075 [-0.4718, -0.1432] Bourbon
m:tr;II?:ed Abu Walad vs Tops 0.0006 [-0.1628, 0.1639] None (equivalent)
packaging Crispness Abu Walad vs Bourbon -1.5025 [-1.6876, -1.3175] Bourbon
Tops vs Bourbon -1.5103 [-1.6956, -1.3251] Bourbon
Abu Walad vs Tops -2.5415 [-2.7613, -2.3217] Tops
Taste Abu Walad vs Bourbon -2.6972 [-2.9230, -2.4713] Bourbon
Tops vs Bourbon 0.3189 [0.1545, 0.4833] Tops
Abu Walad vs Tops -0.5866 [-0.7534, -0.4198] Tops
Overal.l. Abu Walad vs Bourbon -1.8486 [-2.0439, -1.6534] Bourbon
acceptability
Tops vs Bourbon -1.1535 [-1.3300, -0.9771] Bourbon
© 2026 JAST Sana'a University Journal of Applied Sciences and Technology

2378



https://journals.su.edu.ye/index.php/jast/index

“ Eile B Otah o Gl pa A jl8a 5 AT S U Girad Catith Lnall Cy gSunll dunal) ailadld) g Ay gha ) ) i ?
]

Al g

O oS L «(Cl: 1.0857-1.4436 %95
el doghayll Baa€ o sy o il i
) dab ol dlls )

bl et dpall jailadl) g ey
Galy Cua araall Calanll mllial s 5)0C dlae
Cl: —1.5140 %95 ¢g = —1.3334) Lzl
%95 ¢g = —1.3923) axklly (1.1527-
g ) SN Jaalls (1.2102- ) Cl: -1.5744
- & Cl: -1.5231 %95 = -1.3423
caalanl) Bsa ) ALl 3)LEY) jadng ¢(1.1614
e du ey o) e Gl e asedll
Gt ) maaly IS8 v calial) i
aailads b oy dall gl jailad

[26] bl

¢ Odraal) Caalsall ciat calaniall 45jlaay Gl Lo
Local 113 (3958 gag aae Ll alaal cjelaf aa
9 ) Osnss s sl o rshal) (gginad) b dles
B9 2595 (Ll e (g5inn Cl 4= 0.0017
%95 ¢g = —0.2640) usis Ay sl o Bpiia
&V e Lae ¢(0.09995- 1) Cl: —0.4280
Ok palidil 8 el aeaall Calall ol ¢
i el pe claiiall G sl (sginall
paibadlly Sl Lalasl Loagead ¢ (gAY Gy il
338 Gaca e OS Alaiuly Usje cdawal

J19] dalud) bl

33ac g Al olat) esunn 4 Hedges’ g ad uils
de ganall dganll 138 muags 3] Higher Group
A o Lty (A3lie US A oY) daidl) il
LlaeSs Biaay Ddse ddas Gl aan patil g
Londl lyladly LMM #ila il cuils,

JAaaadl)

= @l aas Hedges’ g ad Jic :ddaadl
GpanSl WS Giiag Hiige dhimy Cilesendll
Lladl g A Analysis  judn LAl
Packaging effect in Abu  Jia 3] ¢diag ol
ey Odaall el sy &l Walad
Jiao Ly it Abu Walad zie 8 (ascdll
Product differences under metallized
cadasll  can clamwadl &)l packaging
Higher Group age mag L (jaeadll
%95 .a3lie IS 8 AoV Lol 3 de ganal)
Hedges’ ad ,uéi ¥ .%95 a&l Jali = Cl
5l 3l Al dlaee Fandsad el lgiass g
LMM 3l cailas ailue <yl S i cdamsenil)

o) Gl laall

Oanaall Calanll alasiad of 8l alaal o jelil
Flal sh)ll gl (& uS Gl L)
¢tHedges' g = 1.0577) paredl e Canlanl)
o ) e Laa ¢(Cl: 0.8833-1.2321 %95
LN Lghyll QL) (p JB Gamaall Canliil
aan O (Blaally Aulaal) Lalil (e ealy (S
(g = 1.2646) LSl Sl Llad) e st

© 2026 JAST

Sana'a University Journal of Applied Sciences and Technology

2379


https://journals.su.edu.ye/index.php/jast/index

UMLG.UJ:\E ei—d RN Z\.:Iﬁ.u uAjLAA ‘):j (51;

il s2a

Gluagilly claliiu .5

Oraall Calanll alasiad o dahal) il el
@ Gyire paliail Apadl e (& g
Gl Ajlie Slall Lalaally skl (sgial)
JEl e aall (& GeliS acy e (araall e
AT gyl e pal 138 A oeld) la
zaly el pa Ui 138 (38155 289 L gyl
Jally Lol dald cdpall pailadll b
O Gl alaal dulas il i WS L )
i Y A e B gameal calanll
& il Gaaal Jasy i dilany) AN e
o Blaally Lkl Lasjall L) aas
Oom ) Gl LS il (ailadll
G908 399 Oraall Canlail) caad A3)A40) Calatiall
DB at) dpal) pailadlly Sl Llad)
Glal Gedll oda Ly My gkl gyl
Ast o V) calall LgluSiis sl Gailad
Bdlae ciluld ey dsul) ) AuSal @l
il

-

il <Y Jaladl Jian el of Jalasll oS LS
b)) dus cdaally 40ball @yl el
Sl blally skl gimall & danyx 82l
A O b Al pailadll 4 Ll
Gain (Sine iwn il dpaall dighall el
Ll St of ) psd Lee caaiiaad) = 3gaill

& S N daugia (g8 gl (Jilad)

Ol sl Sy Lee (g = —0.4361)
[29] cilazmiall o 21l Lagha

s pie gl cmall (ailadl) (g5 o
g = ) s s Blhe Al i S s
- & Cl: -1.6876 %95 ¢1.5025
sy ug o S el ol L ((1.3175
Oe IS Jaws 38 cazdall W (g = 0.0006) s
(9=-2.6972) Os1s35 (9 = —2.5415) Lus
S oSad) Le sag caly sl A5)lae 13s BS il
Ol A L el € gl S
g = - sy 9 = —0.5866 :pws)

.(1.8486

S BB laal didas o ) ailall o2 i
b O maag Cua ddlaay) Zilal) il
o i Y AR mie 8 aead) Calal
Gk el Jesy dy dilany) digiad)
o Blaally daghjlly Jasjall phsa¥) (jaeas
Gl Lamlaas) o WS L[26] deaall (ailadl)
Pl can claniall G okl gl
datdie calaill dlge H9d e (Gedly At Chulanl)
SYSECAPA P S < RSP (R R B P
paibadlly Sl Lladl 4 el W L[19]
&b DDA gheasy (e cilamiall (py Lpnsal
Bilae Sy e Yy ¢ panaall Calall cans Alaiud)

© 2026 JAST

Sana'a University Journal of Applied Sciences and Technology

2380


https://journals.su.edu.ye/index.php/jast/index

Eile B Otah o Gl pa A jl8a 5 AT S U Girad Catith Lnall Cy gSunll dunal) ailadld) g Ay gha ) ) i ?
]

Al g

[5] P. Siracusa, “Food packaging permeability
behaviour: A review,” Int. J. Polym. Sci.
2012, 302029 (2012).

[6] M. Baele, A. Vermeulen, D. Adons, R. Peeters,
F. Devlieghere, and P. Ragaert, “Selecting
packaging materials for dry foods based on

performance,” Packag. Technol. Sci. 34,
303-318 (2021).

[7] Z. Chu, L. Lu, and J. Wang, “Modeling water
transfer in multidomain food packed in
permeable packaging,” Packag. Technol.
Sci. 26, 11-22 (2013).

[8] S. Romani, P. Rocculi, S. Tappi, and M. Dalla
Rosa, “Moisture adsorption behaviour of
biscuit during storage investigated by
dynamic dewpoint analysis,” Food Chem.

195, 97-103 (2016).

[9] A. B. Verde, I. D. Alvim, V. Luccas, L.
Marangoni Junior, and R. M. V. Alves,
“The influence of formulation and
packaging material on the rheological
properties of milk chocolate,” Appl. Food
Res. 2, 100199 (2022).

[10] D. S. Lee and G. L. Robertson, “Shelf-life
estimation of packaged dried foods as
affected by choice of moisture sorption
isotherm models,” J. Food Process. Preserv.
46, 16335 (2022).

[11] F. Balestra, V. Verardo, S. Tappi, M.
Fiorenza Caboni, and M. Dalla Rosa,

“Chemical and physical changes during

o Bl - Sh Gl aBlen B o
Otnaall Calanll jlaa) & il &bl ae s celld
& psd) A5 Jae miiall dgilie ilatie Lo
Alai L) daglse Bygyn pa lRula salaic)
dgeagal ol Azl il Gailad ae Calial
Jemdl ok Jalat St slaie by Al ) g3 LS
Ll bl zads Al Jalgall e el il
QbR au die skl (giad) aa S
Calin alge Aijlaal Aliied) bl s
el oL ALl lpailad dayyy ddbid

gl

aaball daild .6
[1] D. Manley, Manley’s Technology of Biscuits,

Crackers and Cookies, 4th ed., Woodhead
Publishing, Cambridge, 2011.

[2] G. L. Robertson, Food Packaging: Principles
and Practice, 3rd ed., CRC Press, Boca
Raton, 2012.

[3] K. Gali¢, D. Curié, and D. Gabri¢, “Shelf life
of packaged bakery goods—A review,” Crit.
Rev. Food Sci. Nutr. 49, 405-426 (2009).

[4] S. Romani, S. Tappi, F. Balestra, M. T.
Rodriguez-Estrada, V. Siracusa, P. Rocculi,
and M. Dalla Rosa, “Effect of different new
packaging materials on biscuit quality
during accelerated storage,” Journal of the
Science of Food and Agriculture, 95, 1736—
1746 (2015).

© 2026 JAST

Sana'a University Journal of Applied Sciences and Technology

2381


https://journals.su.edu.ye/index.php/jast/index

biscuit with different packaging materials.
Biological Forum. 2022;14(3):1419-1423.

[19] Jan R, Saxena DC, Singh S. Effect of storage
conditions and packaging materials on the
quality attributes of gluten-free cookies.
Food Measure. 2017. doi:10.1007/s11694-
017-9484-7

[20] Cevoli C, Evangelisti A, Gradari P, Fabbri A.

Storage of wafer cookies: Assessment by
destructive technigues and non-destructive
methods. J Food Eng. 2023;336:1-12.

[21] Varghese C, Srivastav PP, Roopesh MS.
Impact of packaging materials and storage
conditions on shelf life and quality of
cookies. Future Foods. 2022;6:100154.

[22] Surekha N, Naik RS, Mythri S, Devi R.
Barnyard millet cookies: development and
shelf life evaluation. IOSR J Environ Sci
Toxicol Food Technol. 2013;7(3):1-10.

[23] Balestra F, Verardo V, Tappi S, Caboni MF,
Dalla Rosa M, Romani S. Chemical and
physical changes during storage of
differently packed biscuits formulated with
sunflower oil. J Food Sci Technol.
2019;56(10):4714-4721.

[24] Cevoli C, Evangelisti A, Gradari P, Fabbri A.

Storage of wafer cookies: Assessment by
destructive technigues and non-destructive
spectral detection methods. J Food Eng.
2023;336:111213.

[25] Sharma S, Riar CS. Effect of storage period
and packaging materials on textural,

phenolic and antioxidant properties of

storage of differently packed biscuits

formulated with sunflower oil,” Food Chem.
298, 125-134 (2019).

[12] S. Farris, L. Introzzi, P. Biagioni, T. Holz,
and A. Piergiovanni, “Barrier properties of
polymer films for food packaging,” Trends
Food Sci. Technol. 33, 92-101 (2013).

[13]J. A. Torres and S. Velazquez, “High barrier
packaging technologies for food
applications,” Packag. Technol. Sci. 18,
273-283 (2005).

[14] AOAC International, Official Methods of
Analysis, 21st ed., AOAC International,
Gaithersburg, 2019.

[15] B. T. West, K. B. Welch, and A. T. Galecki,
Linear Mixed Models: A Practical Guide
Using Statistical Software, 3rd ed.,
Chapman & Hall/CRC, Boca Raton, 2022.

[16] Douziech, M., Benitez-Ldpez, A., Ernstoff,
A., Askham, C., Hendriks, A. J., King, H.,
& Huijbregts, M. A. (2020). A regression-
based model to predict chemical migration
from packaging to food. Journal of exposure
science & environmental epidemiology,
30(3), 469-477.

[17] Robertson GL. Packaging materials for
biscuits and their influence on shelf life. In:
Manley D, ed. Manley’s Technology of
Biscuits, Crackers and Cookies. 4th ed.
Woodhead Publishing; 2011:247-267.

[18] Hiregoudar S, Mamatha HS. Effect of storage

on quality parameters of foxtail millet

© 2026 JAST

Sana'a University Journal of Applied Sciences and Technology

2382


https://journals.su.edu.ye/index.php/jast/index

@:\Agéom.‘aﬁd..gﬂ:i&aaﬁ)m:ogjﬂ‘;Uﬁgmﬁmm‘@ﬁ“@‘@uﬂb%ﬂ)ﬂ)bﬁm‘ ?
il

Al g

products during storage. Food Packag Shelf
Life. 2019;19:1-7.

[31] Bhise S, Patel D, Kamaliya KB, Pandey H.
Effect of storage conditions on quality and
shelf life of multigrain biscuits. J Appl
Hortic. 2024;26(2)

[32] Sharma P, Garg S. Influence of storage
conditions on physicochemical and sensory
properties of bakery products. J Food Sci
Technol. 2023;60(5)

[33] Manley D. Water activity and its relationship
with texture and shelf life of biscuits. In:
Manley’s Technology of Biscuits, Crackers
and Cookies. 4th ed. Woodhead Publishing;
2011.

[34] Romani S, Tappi S, Balestra F, et al. Effect of
different packaging materials on biscuit
quality and water dynamics during storage. J
Sci Food Agric. 2014;94(8):1736-1746.

[35] Manley D. Packaging materials and seal
integrity in biscuit shelf life. In: Manley’s
Technology of Biscuits, Crackers and
Cookies. 4th ed. Woodhead Publishing;
2011.

cookies. Ann Food Sci Technol.
2020;21(1):74-85.

[26] Bhise S, Patel D, Kamaliya KB, Pandey H.
Quality and shelf-life evaluation of
multigrain gluten-free biscuits developed
from composite flour blends. Plant Arch.
2024;24(2):2493-2502.

[27] Sahni P, Shere DM. Effect of different
packaging materials on sensory attributes of
fibre-rich cookies during storage. Int J Pure
Appl Biosci. 2017;5(6):265-272.

[28] Kulthe AA, Thorat SS, Khapre AP. Effects of
different packaging materials on the sensory
characteristics of p-carotene enriched pearl
millet cookies during storage. Pharma Innov
J. 2018;7(4):914-918.

[29] Singh VK, Verma S, Chaudhary V, Shahi NC.
Impact of packaging materials and storage
conditions on the shelf life and quality of
biscuits. Int J Food Sci Nutr. 2025;10(2):9-
11.

[30] Duta DE, Culetu A. Evaluation of the effects
of packaging on quality changes of bakery

© 2026 JAST

Sana'a University Journal of Applied Sciences and Technology

2383


https://journals.su.edu.ye/index.php/jast/index
https://journals.su.edu.ye/index.php/jast/index

