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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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Walad Crispness ==
Metallized 288 6.62+1.04 3.65-8.89
Taste BOPP_HS_30 288 4,77 £1.52 1.42-7.40
Metallized 288 6.42+0.71 4,24 -7.92
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 & metallized packaging BOPP = Bi-axially Oriented

Product differences i Ly «Jasd Walad

¢Activity

g5 Sl Analysis i .Polypropylene
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cilatidl 43 under metallized packaging
(o ) mand & dadd (jamaal) Caplanl) alad caas
bl galy ATl adlse
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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
Onad) Calidll ot L cpdlll Gasis Gsnss
Lo

ve Baaly Laliddl ool (gl ek
ol Alae Gaeadd) Cadanll ladid
Lvgiall (ids) Cus caly sl w3 Gaead)
@5l <0.67 + 1.58 N 1.50 + 2.81 ¢
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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 to 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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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 to0 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
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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 ' '
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. . . Mean o
Analysis Variable Comparison Difference p 95% Cl
Moisture Metallized vs BOPP -1.2333 <0.001 -1.4239 t0-1.0427
Packagi aw Metallized vs BOPP -0.0549 <0.001 -0.0620t0 -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 1.4621to0 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 to 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 0.9235 to 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

© 2026 The Author(s). This article is licensed under CC BY 4.0:

2376


mailto:https://creativecommons.org/licenses/by/4.0/.

Eile B Gtah o Gl pa A jla 5 AT s U Girad Catit Laall Cy oSl dpal) ailadld) g dygha 1 ) jEiu

3‘3 i||ii

Aosina ol ae AV 138 (385 (Llaall
Liadl st Gua ddpeal) alladl) 3
P 1.6527) asklls (p < 0.001 <2.2812)
p < (1.8842) I Jall, (< 0.001
il pdige O dadiy ABDle dsag Glld ac a5 .(0.001
Dl sda o V) chawall Gailadlly digh)l
Ll loge e Ul lgtemsy siny Lyl iy
Bilie Gaw Sy ¥ cdglan) mllly el

Alie e @Al dalse oo Jira
bl clamidl Ajlke gy L Ll
35ag ade Aael) U laall il caaS] 28 ¢ anadll
calaiiall G oek)ll gl B dagiea (B
GIS OIS Ganaall il b of ) edy L
& skl luash Ayl Gl e asll
Can ¢ Sl Lalaall 8 Ligies 398 lia ¢ ylaal
b Blae el W Ogiyea9 Guiss e JS Jams
sl Ol b D) e L say ey
o Sl Bladll juan dus ccalatiall g Al
sl Jahy CUCally adaliy) dapg sladl s
Celal ol pailadll g Ao [33]
oAbl G Ogye pial Laaly Bei pill
138 8 aly suly Gaish o Giae (B ed ol
I el WIS 38 ¢ IS il aadall Ll . puaciall
Ay sl Alie Osnsis pas Oe IS (e
O Aweal) Llaial ) ol ) otll sda s
el o Larg .+ pamaal) Caanll sl caa cilaiial)
paibady DY) 5ol ligae il cadal

sl 34l Mean Difference i :ddaad
S Analysis judy . d5)lae IS 8 (e geaal) (g
Packaging Jic 3] ¢diag el 4kdl g4
cadaill o 43yl effect in Abu Walad
«haid Abu Walad #iie (& Garas juilly (aeaall
dic Laiy
alatdl u 39,80l metallized packaging
Abu  sldel ae il Gaeeall il caad
Cl %95 .dag mall ©lladl & aa e Walad
Tukey e axdial (%95 4l Jali =
adicly «cllaall aai e gl Uadll 8 oSl

Product differences under

p < 0.05 aya (S9ua

il aladiad o) dpaed) @llaal il ekl
giaall G S A (Goina (aliash adi)) (aeadll
Slall Llaills (p < 0.001 ¢1.2333-) skl
Ciuby dplie (P < 0.001 <0.0549-)
il e g il 138 5US e Lo g2 <BOPP
Gy ol ol gkl QU (e 2l b
Gind) 3 Milee Lalas) coell ol o
Aol dadiie Calat slge aladinl v sk )l
DA e olaV1 e AT bl aexi LS L[17]
Calas Cagyls caat Sl L) alesl e
Dbl puad 385 & XS 18] diess
) Calat alge aladid Aag 40a)) cilaial)
Al Z i WS L [20] Jeadl o pailad
Ahiyall @bl palias) & il e )

[22] copaal ol elally

© 2026 The Author(s). This article is licensed under CC BY 4.0:

2377


mailto:https://creativecommons.org/licenses/by/4.0/.

ale Sids Wjliiel (g0 cdalad) LSl ailas
L) Sl A Al 3 e

(Hedges’ g) il alaaf

phicly (7) Jsaadl B LW alaal (e
Go il Llaall Loaall vl Hedges g Jelas
ISy caly o pine A calanll ggi il ddasal
Calall caad Adbid) Gt gu G
paal BluSs Gimy Shdse lghag ((axadl
e Aaze Cllalee Gl g (e ganall 1 (54 4

LMM z35a

O i ool o3a uuadn (b ([35.21] dpdl)
Lol G0 cAaliall ClLA ag0a aa Ry
Gluld jig anal clatiall (G 2aa gty A
) ) AESH ) dseleall 5l CuSal 5ydlie
Loadll laall o ) oliall sda i L jeaal)
8B eks 3 cAglany) zilall a3kl L acx
@bl ginall s o maaly dSa il
L L Aial mite 8 daeall (ailadll cueaiy
¢ Odraal) Caalanl) caan AA]) colamial oy (39 58
Sl blall 5 lglanad Dl ) i
s3a (A i Lyl (Sarg cdaal) (ailadlly

clatiall Gm @gilly il 5l (Hedges® g) il alaalf :(7) Jsaad)

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
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