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ABSTRACT
Background: Menstrual poverty remains o significant challenge in low- and middle-
income countries, whers many individuals lack sccess o affordable and effective menstrual
products.
Aim: The research aimed 1o assess the absarbency und various: performance indices of
different hiodegradable materials used in rensahle mensirual pads.
Methodology: The research was based on the methodology highltighted by Foster and
Montgomery, where absorbency was measured by evaluating the dry weight, wet weight,
weight absorbed and amount absorbed in millilitres. The study utibzed real blood samples
provided by a blood bank for the absorbency test 1o ensure the relevance of the results.
Statistical analyses, including ANOVA and Tukey's HSD post-hoc companisans, were
performed to determine significant differences in ahsorbency among the pad types.
Result: The cotton + bamboo fleece pads exhibited the highest absorbency with an
absorbency index of 7.0 = 0.3, outpedorming other combinations, Bamboo (ledce + cotton
terry and bamboo + bumboo feece pads had the lowest absorbeney, with indices of 2.4 =
0.2 and 2.5 = 0.2, respectively. .
Conclusion: The study concludes that reusshle menstmal pads made from coion and
hirmboo Flesce offers superior absorbance compared to other combinations. These findings
suppont the development of effective and sustuinable menstrual products. Future research
should  standardize testing methodologies and further explore the fmpact of fluid
characteristics on dbsorbency to enhance product comparability and performance.
Keywords: Menstrual hygiene management, bindegradable matenals, absorbency,
reusahle menstrual pads, sustainable products

INTRODUCTION
Menstruation 15 a normial and bealthy aspect

essentinl  menstrunl  hygene  resources,
mcluding  safe  and  samtary  menstrual

of life for women and girls around the world,
affecting about 1B hillion women each
month  [United  Notions  Intermational
Children’s Emergency Fund (UNICEF),
2020, Yet, an alarmang 300 million women
and girls globally do not have access 10

products (Anaba et al. 2022; World Health
Orgamzation, 2022).  Menstrual  hygiene
management (MHM) refers 10 the use of
clean matenials that can be changed prvaiely,
sately, and hygienically as often as required
throughour menstruation {(UNICEF, 2020)

Clithm: Rujsh, A 5. Yonusa, U, Tasds, F. T., Tukuntowa, A. 5. and Aldullli, 5. €. (2034) Absorbency :
pndd Petformence Dnfices of Biadegralshle Beo-Fraandly Misrads Usal For Beisable Memstmal Pads

HIMLY W2) J8Y - 192

Mavery Jowraal of Mediood Laborsiory Soience, BIMES

183



Absorbeney amd Performance Indices of Blodegradable

Women in low- and middle-income countres
(LMIC) ofiecn stroggle with  menstneal
hygiene management due 1o the scarcity of
affordable  samitary  products (Foster and
Montgomery, 202 14), This lack of sccess can
incredse the risk of unnary and reproductive
ract infections, which may lead (o fentility
iwsues  and  other  health  complications
iHennegan er al, 2017). Addinonally, the
high cost of sanitary products limits garls’
abtlity o attend school. coninbuting 1o
gender imbalance in schools. For instunce,
6% of girls in Afnca miss school dunng
their  menstrunl  penods  (Foster  and
Montgomery, 202 1a). Lowering the cost and
improving the quality of samtary prodocts
could significantly boost school attendance,
helping girds 1o complete their education
( Tuko, 20240,

A key concern in LMICs, which has not been
adequately addressed in muny studies. is the
dbsorbency  of reusable menstrual  pads
(BEMPs). In these settings, where access w
safe, affordable, and effective menstrual
products = already  bmited,  there s
apprehension  about  whether RMPs  can
effectively  manage  menstrual  flow
throughaut the day without causing leakage
of discomfon { Achuthan er al., 2021; Fader
ef al., 2007; Van Egk er al., 2021). Many
women and girls express concemns about the
reliability of these pods during heavy flow
days, which can lead 1o ansiety abou
leakage, school nbsenteeism, and social
stigma (Aluem e af,, 2022; Hennegan of al.,
2007, Sumpter and Torondel, 2013),

Despite the known health and educational
benelits of effective menstrual  hypiene
manapement, many women und gids in low-
amnd muddle-income countries  continue 1o
face sigmficant barners due fo the high cost
andd limited avinlability of santtary products
(UNICEF, 2020). Traditonally, menstrual
management i low and muddle  income
countrics  has relied on  less  effectve
materials such as old clothes, paper, and
leaves, which often fal 10 meet hygene
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needs and contributes to school absenteeism
(UNICEF, 2020). Additionally, inadequate
disposal  facilities lead 10 environmental
pollution, as menstrual products are often
discarded  inappropristely  (Foster  and
Monpomery, 2021b; Warushinta ¢ al.,
2021).

The potential of biodegradable materials like
bambaoo, cotton, cotton [eece, cotton Mannel,
bamboo wadding. cotton terry and banana
fibers 10 addréss these chullenges is
promising (Barman e al., 201%; Foster and
Momgomery, 2021a; Hand e of, 2023
Lather and Singh, 2021, Srikavi and Mekala,
20021). These eco-fnendly ahernatives could
offer both effective menstrual management
and a solution to the environmentul impact of
menstronl waste (Foster and Montzomery,
2021 b).

Therefore, this study gims to evaluate the
ghsorbency of hiodegradable materials used
1 BMPs, and given the imited avadlubility of
reliable menstrual products in these regions,
ussessing the absarbency of these materials is
essentir] 10 determune thewr suability as a
sustumable  and  effective  solution  for
menstrual hygene management.
Eco-friendly  Materials  for Reusable
Menstrual Pads

The findings of a previous scoping review
conducted by the researchers revealed that o
range of novel, eco-friendly materals can be
utilized in RMPs, offering o sustainable
alternative 10 conventional  disposable
products (Rajah ef al,, 2024), These materials
are categorized i three essentinl layers
integral 1o RMP design: the wp layer, core,
und bottom luver. For the wp layver, which
must be soft, comfortable, and breathable, the
review dentified matenals such as bamboo
fiber, banana fiber, orgamic cotton fibers,
cotton  Mannel. jute, non-woven bamboo,
bamboo pulp. water hvacinth, 100% knitted
cotton fabric, flax fibers. kenaf, TENCEL®
Biosoft (lvocell fiber), papaya fibers, and
papyrus (Ragah et al,, 2024),
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The core layer, which requires  high
absorbency and durability, includes materals
such as cotton terry cloth, linen, hemp cloth,
bamboo  wadding, cotton  fleece, poly-
wadding, bamboo kun, jute, Sanseviena
trifasciato plant fibers, kennd, chitosan Dbers,
and woal. For the bottom Inyer, designed to
he water-repellent, the review highlighted
mateniuls like polvesternylon ploin weave
fubric, polvurethane  laominme (PUL),
polyethylene. polypropvlene, corn starch-
based bio-plastic sheets, and poly loctic acid
(PLA) fiber.

MATERIALS AND METHODS
The methodology for this study involves
evalunting  the absorbency of  reusable
menstrunl pads made from novel eco-fnendly
materials tdentified 2 previous scoping
review, This evaluation focuses on three
primary tests os highlighted by Foster and
Monigomery (2021bk;  Liguid  Sinke-
Throngh, Wet Back Stnke-Throogh, and
Absorbent Capacity (amount and weight),
The tests are performed in triplicates o
ensure precision and refiability in the results,
The materials used in this experiment include
vitious reusable menstrual pads made from
different eco-fnendly matenals, These pads
fepture  combinatioms of five top layer
materials {cotton flannel, bamboo feece,
cotton fleece, cotton-bamboo blend), three
core materials (bamboo wadding, cotton terry

cloth, bambon fleece), and a polyurethang
laminate (PUL) bhottom layer. A control
group of commercially available disposable
sunitiry pads was also included. For the tests,
human blood, obtuined from the blood bank
and sel to expire on the day of the
gxperiment, was used a3 g substitute for
synthetic hlnod to more sccurmely simulate
menstruel fluid. Other materlals include a
clean gluss  plate, stopwatch,  syringe,
weighing balance, disposable gloves, and
duta recording sheets.

Sample Preparation

Each of the 48 pads used wus labelled with &
unique identifier corresponding 1w its
matenial combination. The weight of each dry
pad wos recorded o establish 8 baseline
memsurenent for mmp:trism:,

Absorbent Capacity Test { Amount)

A dry pad was placed on the clean glass plare,
and drops of blood were added to the center
of the top layer until the pad began to leak
from the sides or bottom. The total amount of
blood absorbed before leakage was measured
and rmecorded (Foster and  Montgomery,
202 1a; Shanmuga o1 al., 2023).

Absorbent Capacity Test (Weight)
limmediately following leakuge, the saturated
pad was weiphed, dand the weight was
recorded. Thas messurement was used 1o
calculate the shsorbency of each pad (Foster
wned Montgomery, 2021h).

-

Figure 1: Rensable Pad Saturated with  Figore 2: Saturated Rensable Pad Weighing

Rlood
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Ligquid Strike-Through Test

Sterile  gloves were worm 10 maintuin
hygiene. Each dry pad was placed on the
clean glass plate; and a single drop of blood
was carefully applied 1o the center of the 1op
layer using a synnge. The stopwaich was
started tmmediately upom apphication, The
watch  was  stopped  when  the  hlood
pencirated through to the wop laver of the pad.
The time taken for this process was recorded
for each pad, and the procedure was repeated
for sll puds {Bachra et al., 2021).

Wet Back Strike-Throogh Test

Following the same mnitial steps as the Ligud
Strike-Through Test, 10 ml of blood was

Figure 3: Liquid '-:lrlke-thmngh Test

STATISTICAL ANALYSIS

Descriptive  statistics were  computed 1o
sumimarize  the central  tendency  and
dispersion of absorbency measures. This
ncloded  calculating  means,  standand
deviations, and ranges for the absorbency
index of different pad types. The recorded
data, including time for stnke-through and
weights of dry and saiurated pods, were
compiled into a toble for amalysis. The
average and standard deviation for strike-
through fime and absorbency index were
calculated for each pad type based on
materinl  combinmtions.  Data  trends  and
sienificant  differences.  in absorbency
between various materials were analyzed. To
determine whether there were significant
differences  in  absorbency among  the
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evenly distnbuted and allowed (o saturnie the
pad for 5 minutes. After this period, a second
drop of bood was added w the pad, mnd the
time taken for it (o penetrate the saturated pad
was recorded. This procedure was repeated
tor all poads (Bachen er of ., 2020; Foster and
Montgomery, 2021b).

Caleulations

The abserbency index was calculaied wsing
the formuli

Absarbency Index

] (Tumd amaunt of liguid absorbed (ml)
- v pad (g)

Weight of dr

Y I
Figure 4: Wet Back Strike-through Test

different pad types, inferential stagistics
(ANOVA) wos  performed.  Post-hoo
compansons using Tukeys HSD {(Honestly
sgnificant Difference) test were conducted
1o identify which specific pad 1ypes differed
from ane another.,

Ethical Considerations

Ethical approval with NHREC Approval
Number: NHREC/BUK-HRECAR1/10:231]
was obtained from the Health Research
FEthics Committee (HREC), Bayero
Umiversity, Kano. The research adhered 1o ull
estublished ethical standards for the use of
hinlogical materials, All used peds and
human hlood were disposed off according 10
proper luboratory wiste disposal protocols o
ensure safety and environmental protection.
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RESULTS

Table | tughlights the absorptive capacity of
various menstrual pad designs, comparing
differcnt top lavers and absorbent cores,
Among the tested combinations, the pad with
d Coton wp loyer and Bamboo Fleece core
exhibited the highest [uid absorption,
reaching 207 ml. In contrust, the pad with a
Bamboo top layer and Bamboo Fleece core
had the lowest absorbency at 55 ml. The
disposable pad, used as a benchmark. showed
an absorption capacity of 66 ml, which is
notubly lower than that of the reusable pads,
The datn reveal that pds mcorpomting
muterials such as Coton + Bamboo Fleece
and Cotton Fleece + Bamboo Fleece exhibit
the highest absorbency indices of 7.0 = 0.3

amounts of blood absorbed (190 ml and 207
ml, respectively) compuwred  to other
combinations. On the other end of the
spectim,  the  pads  with  the  lowest
dhsgrhency indices are Bamboo Fleege
Cotton Terry and Bamboo + Bambaon Fleace,
with indices of 24 = 0.2 and 2.5 = 0.2,
respectively,  Despite  having  substuntial
amounts of weight shsorbed, these pads
perfurm  less  efficiently  in  terms  of
absorbency index.

When compared to the disposable pad, which
has an absorbency mdex of 6.0 £ 0.2, the top-
performing reusable pads such s Coton +
Bamboo Fleece and Cotton Fleece + Bamboo
Fleece  exhibit  shightly higher indices.
indicating that they can absorb and retain

umd 69 = (.2, respectively. These pads  liguid more effectively.
demonstrate superior performance, with high
Tahle 1: Total Absorptive Capacity
SN Pl Dry Wer Weaght Weaght Amormi Absorhency
Welghtigy (gt SD Absorhed gl Abworbed frulex
= 50 [}
I Bunbon Fleeoe A5+ 005 In5+1.2 20 +1.0 ][R 24+02
Cutton Terry
i Coran Fleece » Colion 44 = 06 2Al=15 197 = 1.2 89 = 20 41=03
Temry
: Cottan + Cotton Terry 43 =015 2= 1.3 22 =14 7= 1.8 4.4 =02
4 Bambeo + Cotion 36 =07 I8l = 14 145 = .1 13l = L& 603
Tairy
5 Cortom Flinnel = 41 £ 0.6 2x13 i3 145« 1.7 35012
Coton Terry
b Bambod |Flesce « A1 =08 135412 ia=1.1 Yls14 Jb=02
Bunboo Fleece
T Crittom o+ Bamboo T=04 28 =1l 19l =14 1901 = 1.5 TH =3
Fleece
B Cooton Flesce = A0+ (Ln e W e 207 # 11 L FES R 69+02
Bamboo Fleece
9 Bumboo + Bamboo 2104 Bi=10 67 =09 =11 25=02
Heece
I Curtiiin Flammnel = =05 1832 = .l 159 = L0 145 = 1.5 H.3=03
Biumbon Fleece
1 Bumbwws Fleece = 12=056 68 =12 i36=1.1 2= 1.6 3902
Wamboo Wadding
12 Coton Fleece - RIS 1352 1.1 142 1.0 95+14 31202
Rumboo Wadding
13 Cotton + Bamboo i+ 04 0t +12 P70+ 1.1 17« |5 A5=03
Wadding
14 Banbess + Banibis 506 IR7T=13 I62s12 IS0 = 1.6 Gl =003
Wadding
15 Cotton Frannel + 9 +05 M=+ =+ 1.0 B9+ L5 i=03
Bumbwox Wil
1A [.'m.Fu.‘nhI: Piul I I +0d B2= 10 Kl =08 A= 13 Afl=02
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The Levene's statistic, indicates a p-value of
| OO0 sieross all measures, sugzesting that the
vanances i absorbency are ¢qual across the
different pad types. This supports the validity
of the ANOVA results, as the assumption of
homogeneity of variunces is mel. The
ANOVA  itself reveals a  significant
difference in absorbency between pad 1ypes.
with an F-value of 128474 and a p-value of
000, which indicates that ot least one pad
tvpe differs significantly in  absorbency
compared (o others.

Post-hoo compansons using Tukey's HSD
west revenl specific differences between pad

wypes. The test reveals distinet groupings of
pad types based on their absorbency levels.
The lowest wshsorbency pads, such as
Bamboo Fleece + Conon Terry and Bamboo
« Bamhoo Flzece, [l into the inital subsets,
with values ranging from 240 (o 250, The
highest absorbency is observed in Cotton +
Bamboo Fleece, Cotton Fleece + Bamboo
Fleece, Conon Flannel + Bamboo Flesce,
Bamboo + Bamboo Wadding with values
ranging [rom 6.00 to 7.0, indicating these
combinations. have sigmbicantly  supenor
shsorbency compared to others, ncluding
disposable pads.

Tahle 2: ANOVA
ANOVA
Absorbency Index
Sum of df Mean Square F P-value
S{juares
Between Groups 113.218 15 7548 128474 0.0001
Within Groups 1.RE0 32 {159
Tonal | 15,008 a7

The hquid stnke through test (Figure 5)
presents the ime taken for blood 1o sirike
through varous reusable menstrunl  pad
combinations.  Notably, the combinations
with the lowest strike-through times, such as
Cotton + Bamboo Wadding (1.5 seconds)
und Cotton Fleece + Bamboo Wadding (2
seconds), indicate that these pads offer rapid
absorption, which can significantly reduce
the nsk of leakage and discomfort. These fast

strike-through  tmes  sugpest  thmt  these
matenals quickly contun liqmd, providing an
immediate bamer and mamtuning  user
comfort

Un the other hand, combinations with higher
strike=through times, like Bamboo Flecce +
Bamboo Wadding (477 seconds) and
Bamboo Fleece ¢ Cotton Terry (346
seeonds ), show slower absorption rates.

LIQUID STRIKE THROUGH TEST

ol W
& 00
P 1 1]
E ) - - — - — — — —
= ; i & o '.'9:"
PP ES "'&t* P ELLLETS LS
N E‘- ¥ q._._f o {"":F ﬁé‘q‘“"ﬁ\ o I'-.'g!f“
'l.:",:-. A .'T it o - . A o,
] oF ;,‘FE* & _vd:“#':' j“[:lﬁ' .
FAD COMBINATIONS
Figure 5: Liguid Strike through Test

Rayeru Jowrnal of Medicel Laboraiory Science, BIMLS

.5



Rajah eval. (20243 BIMLY, #2153 - 192

The Wet Back Strike-Through Test resulis
reveal that pads with Cotton Fleece +
Bamboo Wadding (0.3 seconds) and Cotton
< Bamboo Wadding (0.5 seconds) show the

the Bamboo Fleece + Bamboo Fleece
combinatian, with a much slower penétration
time of 141 seconds, indicates poor
performance in terms of absorbing liguid

fastest  penctration  Umes.  significamly  once  saturated,  potentially  leading 1o
oviperforming  others,  including  the  increased leaknge and discomfort.
disposahle pad o 0.6 seconds. Conversely,

WET BACK STRIKE THROUGH TEST

Cottan Flanngks Bamibon wWidsing
Cotbon+ Baméog Wadding
Bamboo Fleere « Hamboo Wadding
Bamibone Ramboe Mesce  »

Coltay = Bamfi Firede

Contnn Flanmil=Catton Terry &

PAD COMOINATIONS

Cofhen « Cotton Termy  ®

BEmbod Mesce = Cotton Terry =

Figure 6: Wel Back Strike Through Test

DISCUSSION

The aim of the present study was to evaluate
the sbsorbency of various biodegradable
muterinls for reusable menstrual pods, with u
focus on their performance in low- und
middle-income  communities. Our findings
demonstrate that pads imcorporating a Cotton
wop Liver and Bumboo Fleece core exhibit the
highest absorbance rate. up to 207 ml of fuid.
The ANOVA mesults indicae significan
differences in abhsorhency among the tested
pad types. Post-hoc comparisons using
Tukeys HSD twest further reveal distinet
groupings of pad types based on their
absorbency levels. The highest absorbencies
were observed in Conon ¢ Bamboo Fleece,
Cotton Fleece + Bumboo Fleece, Cotton
Flannel + Bumboo Fleece, and Bamboo 4
Bamboo Wadding, with indices runging from
6,00 1o 7.00. This is in line with the stady by
Foster and Monigomery (2(2la, 2021b},

Rayeru Jowrnal of Medicel Laboraiory Science, BIMLS
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which identified Bamboo wadding as having
the highest absorptivity index (7.86), which
aligns with our findings that Bamboo +
Bumboo Wadding exhibits high absorbency
(6.0 = 0.3). However, our study also shows
that some combinations of top pluyer with
bumboo  wudding- Cowon +  Bamboo
Wadding (5.5 = 0.3] and Baumboo Fleece +
Hamboo Wadding {39 = 0.2}- had lower
absorption index than reported by the 2
studies of Foster and Montgomery (2021a,
2021b). This discrepancy may be attributed
to viscosity and charactenstics of the gelatine
solution used for testing. In our study, human
blood was used, which has a higher viscosity
and more complex propermes compared 1o
blood substitutes used in other studies. This
difference may influence the sbsorbency
outcomes, as natursl blood can interuct with
the materials diffecenily than synthetic
substitutes.
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The use of human blood provides a more
uccurite  representation of menstrual uid
condinons, but it also introdoces vanabhty
that can affect results.
Similarly, the study by Shibly er o, (2021)
reported that commercial pads and material
blends like Cotton with Viscose exhibited
competitive absorbency, Our results support
this observation, s the absorbency of some
reusable pads, particularly those with Cotton
- Bamboo Wadding, maiches or even
exceeds that of disposable pads. Notably, our
data show that the Cotton + Bamboo
Wadding  combination  has  a  ligher
absorbency index than the disposable pad
(6. + 0.2), highlighting the potential of
rensable options (o provide effective and
sustainable alternatives,
Additienally, our findings regarding strike-
throwgh times reveal that the wp-perlorming
reusable pods, such as Cotton + Bambon
Wadding (1.5 seconds) and Cotton Flegce +
Bamboo Wadding (2 seconds), demansirate
luster ubsorption compared (o the disposable
pad (3 seconds), This quicker absorption
redoces the risk of leakoge and enhances
comfort, aligning with Shibly e al's
ohservanon that commercinl pads perform
well in terms of absorpion speed (Shibly ef
al., 2021),
Comversely, Foster and Montgomery (202 1a,
2021b) reported a low absorptivity index for
Cotton terry cloth, with values of (1,84 + 0,15,
In our study, the highest absorbency index for
Cotton terry was observed in Cotton Fleege +
Cotton Terry (4.3 = 0.3}, while the lowest
was in Bamboo Fleece + Cotton Terry (2.4 =
2), This discrepancy may be attributed 1o
differences in material prepamation, testing
conditions, or measurement  fechnigues,
Notably, our study used real blood obtmned
from & blood bank, whereas the swdies by
Foster and  Montgomery  utilized  blood
substituies.  These  variations  in flud
characteristics  could  sigmficantly impact
ahsorbency melsiurements, Such
discrepancies  underscore  the need  for
standardized  testing  mcthodologies 1o
enhance comparability and provide a clearer

Rayeru Jowrnal of Medicel Laboraiory Science, BIMLS

understanding of the factors influcncing
matenal performance.

CONCLUSION

This study demonstraes that biodegradable
materials, particularly the combination of
cotton and bamboo fleece showed superior
Whsurbency, outperformuing the disposable
padd in absorbency. Furthermors, Bamboo
Fleece is more elfective as 4 core layer than
i top laver due to its slower absorption rates.
This study provides valunhle insights inio
optimizing  reusable  menstrual - pads,
showeising  their  superior  performance
compared 1o disposable  pads  and
highlighting their potential for more effective

and  eco-friendly  menstrual  hygiene
stlutions,
RECOMMENDATIONS

Bused on the findings of this research, several
recomimendations can be made o improve
the design and performance of biodegradable
menstrual pads, To improve the design and
performance of biodegradable  menstrual
pads, it is recommended to optimize material
luyering by using Bamboo Fleece us a core
layer for us supenor absorbency and Cotton
of Cotton Fleece as 1op layers for quicker
ahsorprion and reduced leakage. Pnontizing
matenals like Bamboo Wadding for core
layers  further enhances  performance,
Standardized testing procedures should be
adopted to ensure consistent and rehable
results, while the envirommental ympact of
tiodegradable muerials should be evaluated
throughout  their  lifecycle.  Lastly,
incorporating user feedback into the design
process  can improve  comfort  and
practicality, ensuring the pads meel users'
needs effectively.
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‘Abstract
Menstrual pads are essentiol hygiene products used to manage menstrual flow, ensuring
mﬁnmmmmm&umm Reusable menstrual pads are re-gaining
cost-effective alternative to disposable ones. This study
' lﬂﬂﬂﬂfﬁrhudﬂnﬂmﬂnﬁhmmnm
load of reusable menstrual pads. A total of 26 samples from reusable menstrual pods
were collected. The participants were directed to follow specific washing protocols as
highlighted in recommendations by UNICEF {washing with water only, detergent only, bar
soap only, detergent and disinfectant and detergent, disinfectant, and ironing). Samples
Mmmmmjmmﬁmmﬂtmmmmmmﬁnl
microbial mn:; Pn:m-l‘m it wmm mﬂlﬂl‘t:
on a
btined i o .uiuﬁﬂﬁudh s:.siaq; LRI abia
mmmﬂﬂmﬂiﬂrmmmmmﬂhﬂwhtﬁﬁﬂﬂmﬁm
a count of = 100¢fuiml. Hmw%#mmlmmwmpfﬂﬂiﬁﬂ
M[Md}iﬂ-fm._ RMPs washed with Viva and Dettol
| , dried, and then ironed showed no significant growth or very fow microbial
_mmll to other cleaning methods (p-values: mesophilic bacteria, p = 0.009;
m.'ﬁr,p-mﬁﬁl anaerobic bacteria, p = 0.026; and Staphylococcus spp., p = 0.001), The
predominant isolates are Staphylococcus species (26.9%), Lactobuacillus species (26.9%),
Candida species (19.2%), and Fusobacterium nucleatum (23%). The study revealed that
EMWMﬂH Hmwm mﬂﬁmm
thase cleaned with a detergent
to no microbial contamination, m#ﬁuﬂﬁimﬂhdntﬁrmu#rﬂuﬂﬂfw
ensuring hygiene and safety.
Keywords- Bacterfal burden, Cleaning methods, Disinfection, Fungal load, Menstrual

fme!uu mmm

INTRODUCTION

Menstruation 15 & naturai and healthy oycle in
fertile women and girls from puberly to
menopause, with approximately 1.8 billion
women glabally experiencing it monthly (Anaba
ef al., 202!). Emsuring optimal hygiene
practices during menstruation is essential lor
preventing associated infections (Warashinta et
gl., 1021). However, a staggering 500 million
women and girls worldwide lack access to
memstrual hygiene facilities, including safe and

hyghenic menstrual management
materialsianaba =! ol., 202%). Additionally,
managing menstruation effectively and

hygienically can be a significant challenge,
especially in low-income settings (Hennegan et
ol ., @077},  Limited scocess 1o clean water,
sanitation facilities, and appropriate menstrual

products often leads to negative health
conseguences, hinders education opportunities,
and reduces overall well-being (UNICEF, 2020).
Providing safe and respectful ways to manage
menstruation (often refermed to 25 Menstrual
Hygiene Management or MHM} 15 essential Tor
women's overall health and well-belng (Hand e
al,, 123). Hawing access to safe and dignified
menstruation 5 a fundamental right for all
women and girls (UNICEF, 2020). UNICEFs
vision is a world where every girl can go about
her daily activities - learning. playing, and
taking care of herself - without the added
stress, shame, or restrictions associated with
menstruation due to lack of information or
supplies. (UNICEF, I020). Growing evidence
based on low- and middle-income countries
shows that many girls are not able to manage
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their menses and associated hygiene with ease
and dignity{Asumah et al., 2022; Kumie et ol.,
2082).

This deprivation 15 even more alarming for girls
and womean in emergencies.

Properly managirg mensiruation involves the
availability of absorbent materials and the
provision of safe, accessible, and private
sanitation  facilities aloneside  culturally
appropriate information on menstrual hygiens
management (MHM)(Hand et af,, 2023), Despite
giobal advancements 1n  menstrual health
awareness and the proliferation of products,
marny women in resource-limited settings still
rely on reusable menstrual pads (RMPs) due to
their  cost-effectiveness and  environmental
sustainability (Shibly £t al,, 2021).

RMPs are a type of menstrual product worn
externally to the body In the underwear, to
abtsorh menstrual flow and held in place usually
by snaps. They are made from natural or
synthetic materfals (UNICEF, 2000). The
materials used in RMPs, such as organic cotton,
bamboo, and other eco-friendly fabrics, are
gentle on the skin, highly absorbent, and free
from harmiul chemicals often found In
disposable pads. After use, they are washed,
dried, and re-used (UNICEF, 2010). RMPs are
re-gaiming popularity as a sustanable and cost-
effective alternative to disposable options.
These pads are designed to be durable and can
be used repeatedly over a long penod, which
makes them an economical choice for women
and girls, especially in low-income countries
(World Bank Group, 2023).

Despite  these benefits, the potential for
microbial growth on RMPs raises concerns about
user safety and infection risks. The unigue
environment crested by menstrual blood and
the potential for improper cleaning practices
coutd lead to the proliferation of bacteria and
fungi, potentially causing urinary  tract
infections (UTls), yeast infections, and other
health complications (Anderhell & Sundberg,
2019),

Additionally, the use of RMPs poses potential
health risks if not propedy  managed.
inadequate washing and drying practices can
lead 1o the proliferation of bacteria and other
pathogens, potentlally increastng the risk of
urinary tract infections, vulvovaginitis, and
other reproductive health ssees (Anderhell &
Sundberg, 2019), The impoctance of evaluating
the microbial safety of these products cannot
be overstated, particularly as thew use is
advocated as & sustainable option in both
developing and developed countries (UNICEF,

2020},
Recert studies have revealed significant

knowledge gaps in the proper care and

E-TSSN: 2814 - 1422; P-I55N: 2416 - DdeX

microbial safety of reusable menstrual pads
(RMPs}, emphasizing the lack of research on
effective cleaning methods to reduce microbial
growth and health risks, particularty in low- and
middle-income countries [(Asumah =& al., 2021
Parikh & Wamar, 2021; Pednekar er af,, 2022;
Hoaburgh er af., 2020). This study addresses
these gaps by evaluating microbial burden,
infection risks, and the effectiveness of
cleaning methods for  RMPs,  providing
actionable guidelines to promote safer use and
suppart menstrual health eguity.

MATERIALS AND METHODS

Study Design

This study employed an fn vitro (laboratory
based) approach to evaluate the microbial
burden associated with RMPs and assess the
effectiveness of different cleaning methods in
mitigating microbial growth.

Study Population

All participants in the present study were
healthy women 18-45 years old who resided in
Kano, MNigeria, had a menstrual cycle of 21-30
days, and were menstruating (day £, 1, or 4 of
the menstrual cycle) at the time of sampling.
The study excluded pregnant or lactating
women, women with a history of pelvic
inflammatory disease or recurrent UTIs, and
women using any vaginal medications within
the past month. Informed consent was
obtained from all participants before sample
collection.  Participant confidentiality was
ensured throughout the study. Ethical approval
with NHREC Approval Nurmber:
NHREC/17/03/2018/5HREC /2024 /4838 was
obtained from the Health Research Ethics
Committee (HREC), Ministry of Health, Kano
State.

Sample Collection

Participants were recruited for sample
collection and were provided with detailed
information on washing and drying techniques
for the RMPs., They were instructed to follow
specific washing protocols as highlightad in
recommendations by UNICEF (2020, A total of
26 samples were collected and analysed from
the participants of the study. Five {3} samples
were collected from each participant. The
samples collected mcluded RMPs washed with
water only (WWO), washed with Vivo detergent
anty (WD), washed with May bar soap only
[WBS), washed with Vivo detergent and Dettol
disinfectant (WDD), and washed with Yive
detergent, Dettol disinfectant, and fironed
{WDD-1) after drying in the sun. A sample of
un-used RMP served as the control for the
study. The samples (used RMPs) were retrieved
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from participants to analyze any microbial
présencad on the pads.

After cleaning, participants were instructed to
handie the pads with clean hands and store
them in sterfle ziplock bags provided by the
researchers,  Participants washed the pads
using the specified cleaning methods after thedr
regular menstrual cycle.  Ressarchers then
retrieved the washed and dried pads for
microbial analysis. This standardized collection
protocol ensured consistency and reliability in
sample handling, allowing for a thorough
investigation of the effectiveness of different
cleaning methods in  reducing  microbial
contamination on RMPs,

Sample preparation

The samples were assigned unmigue dentifiers
and processed immediately to  minimize
microblal overgrowth,  Each sample was
aseptically removed from its sterile mplock
bag, immersed in 100 mL of buffered saline
solution, and sonked for 2 minutes. The
concentrated eluate was divided into several
allquots, and the analyses were performed
using the membrane filtration technique
(Briancesco o ol., I018)  Eight different
groups of microorganisms/bacterial specles
were investigated, as hightighted by Brizncesco
et al. (2018)., Thus, the membranes were
incubated on various agarized media for the
detection of the following microbial
parameters;

.

Figure 1: Samples soaked in sterile peptone water

Data Analysis:

The number of colony-forming wnits (CFUs) on
each plate was used to calculate each sample's
total bactenal and fungal counts. Statistical

E-TSSN: 2814 - 1422; P-I55N: 2416 - DdeX

The microbial analysis involved binchamical and
malecular technigues to accurately identify the
species  present. The microbial analysis
invalved various organisms incubated under
specific conditions to determine colony counts.
Mesophilic bacteria were cultured on Plate
Count Agar at 36°C for 72 hours, with total
colonies counted. Fungi (molds and yeasts)
were incubated on Sabouraud Dextrose Agar at
25°C for 7-10 days, and mold and yeast colonies
were enumerated, Anaerobic bacteria were
incubated on Plate Count Agar at 36°C in
anaerchic conditions for 72 hours,  Colifarms
were  identified on  Chromogenic E.
coll/Coliform (C-EC) medium at 36°C for 24
hours, with blue colonies counted, Escherichia
coli colomies, both blue and fluorescent, were
similarly counted wsing & Wood lamp.
staphylococous spp. were dentified on Baird
Parker Agar at 36°C for 48 hours, with black
colonkes counted. Candida alblcams  was
cultured on Biggy Agar at 36°C for 48 hours,
with dark brown colonies enumerated. Finally,
Pseudomonas  aeruginosa was. grown  on
Pseudomonas Agar at 36'C for 48 hours, and
green-blug  colomies  were  confirmed
biochemically under a Wood lamp by identifying
fluorescent and reddish-brown colonies,

Figure Z: An overmight cultured plates
{Nutrient and Heated blood agar)

analysts was performed to compare the
micrabinl counts (and potentially the identified
soecies) between RMPs cleaned with different
methods.
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Table 1: Result of Microbial Analysis of Reusable Menstrual Pads

“PRODUCT CODE MESOPHILT MOLDS ANAEROBIC  STAPHYLOCO
c CFLUY/ BACTERIA ccus
BACTERIA P CFLY SPP,
CFu/ RMP CFu/
RMP RMP
Al-WWO 100 5 10 <1
531-WwWo =100 10 <50 3
Fa-Ww0 *100 15 <50 5
M5-WW0 *100 10 <50 5§
B2-Ww0 =104 15 <50 b
A1-WD <50 <1 <1 <1
53-WD <50 <] < <
F4-WD =100 <1 50 <1
M5-WD <100 <1 <50 <1
BZ-WD =100 1 <50 1
A1-WHS <100 <1 <1 <1
B2-WBS *100 5 €1 <1
53-WBS *50 <1 L8] <1
F4-WBS =100 5 <1 <
MA5-WES 100 <1 <1 <1
A1-WDD <50 < < =1
B2-WOD <1 <1 <1 <1
53-WDD <50 < <1 <1
F4-WDD «100 <1 < <1
M5-WOD <1 < <] <]
A1-WDD-I NG <1 <1 <1
B2-WDD-1 RG <1 <1 <1
53-wBD-1 < <1 <1 <1
F4-WDD-| <1 <1 <1 <1
M5-WD0-| KRG <1 <1 <1
Un-used RMP <50 < <] <
Un-used BMP NG <1 <1 <1

sterilized by autoclave

" CFU: Colony Forming Units  NG; No Growth

The analysis reveals significant varlation In
micrabial growth based on the cleaning method
ised, A large proportion of the pads (53.3%)
showed no significant microbial growth when
cieanped with effective methods such as
detergent,  disinfectant, and droming,
demonstrating the importance of proper
cieaning techniques. Pads cleaned with water
exhibited consistently high microblal counts,
especially (or mesophilic  bacteria, often
exceeding 100 CFU/RMP. Detergent cleaning
alone resulted 1n a reduction in microbial load,
though some samples still showed elevated
counts. Bar soap yielded intermediate results,
with microbial levels lower than water-only
cleaning but still retatively high.

The maost effective method for microbial
reduction was the combination of detergent

and disinfectant, which lad to significant
reductions in micrablal growth, with most
samples showing mesophitic bacterial counts
below 50 CFU/RMP. Adding froming to this
cleaning meéthod resulted in minimal to no
miicrobial growth, with several samples showing
no significant growth [N5G), Indicating near-
complete olimination of microbes.  Molds,
anacrobic bacteria, and Staphylococcus =pp.
were either undetectable or showed extremely
low counts (<1 CFU/RMP} with this method.
Unused pads exhibited low microbial counts,
typically under 50 CFU/RMP, and pads steritized
by autoclaving showed no significant microbial
prowth, confirming the sterifization methods
effectiveness in eliminating microbes,
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Table 2: Chi-Square Test Resufts fn;i_! Dependent Variables

E-FSSN: 2814 - 1422 P-ISSN: 2616 - a8

Dependent Yariable

Mesophilic Bacterla Pearson Chi-Sguare

Molds

Anaerobic Bacteria Pearson Chi-Square

Staphylococcus spp. Pearson Chi-Square

Test “Value df Asymptotic Significance (p-valug)
32,500 16 0.009
Likelihood Ratio 15.467 16 0,003
Linear-by-Linear Association 16,138 1 0,000
N of Valid Cases 25
Pearson Chi-Square 16,667 12 0.009
Likelihood Ratio 17474 11 0.007
Linear-by-Linear Association 10,446 1 0,001
N of Valid Cases 5
2323511 0.026
Likelihood Ratio 26.B81 12 0,008
Lingar-by-Linear Association 13.863 1 0.000
N of Valid Cases 15
19,048 4 0.001
Likelihood Ratio 16.979 4 0.002
Linear-by-Linear Association 9,143 1 0,002
N of Valid Cases 45

The Chi-Square test results show that the cleaning methods sienificantly impact mesophilic, molds,
anaerohic, and Staphylococcus spp growth, The p-values for the different microbial types are as
follows: for mesophilic bacteria, p = 0.009; for molds, p = 0.009; for anaerobic bacteria, p = 0.026;
and for Staphylococcus spp.. po= 0.001. These pvalues indicate that the null hypotheses, which
sugpested no difference in microbial growth across cleamng methods, are rejected for all four
microbial types because the p-values are less than the significance level of 0.05. Therefore, the
cieaning method significantly influences microblal contamination levels, emphasizing the
importance of selecting effective cleaning methods to reduce contamination and enhance the
hygiene of reusable menstrual pads.

Figure 3: Dendrogram of Microbial Species |

Pads
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The dendrogram lllustrates the hierarchical
clustering of microbial species identified from
reusable menstrual pads based on  their
similarities and frequency of occurrence. The
y-miis  represents  the rescaled  distance
between clusters, indicating how similar or
dissimilar each cluster is. The first significant
separation occurs with Loctobacillus, which
forms s distinct  cluster. Motably,
Loctobacilius had the highest occurrence,
appearing 6 times -across the samples,
highlighting Its dominance in the microbial
community, As the clustering progresses,
Veillonells and Clostridium, which appeared
once each, farm a group with other species,
such as Baclllus, which also appearsed once,
These patterns suggest shared microbial
chiaracteristics among these species despite
their lower frequency of occurmence,

The clustering also highlights species with
moderate  frequencies, For  instance,
Staphylococcus and Candida, each identified 5
times, merge in later stages of the dendrogram
with species like Pseudomonas oeruginosa,
which appeared 4 times, indicating potential
co-occurrence or environmental similarities. At
the same time, less frequent species such as
Fusobacterim  nucleotum and  Mobiluncus,
each dentified 3 times, form a distinct cluster,
suggesting a shared ecological mche an the
reusabie pads.

DISCUSSION

The effectiveness of different cleaning methods
revealed significant varfability n microbial
presence.  Pads washed with detergent and
disinfectant and then ironed exhibited sither
minimal Gactenal colonfes or na  microbial
growth, demonstrating the superiority of this
mathod In eliminating microorganisms.  In
contrast, other cleaning methods, such as
washing with water only, detergent only, or bar
soap only, showed varying degrees of microbial
persistence. This result suggests that the
combination of disinfectants and  heat
treatment (ironing) provides an  effective
strategy for reducing microblal contamination,
The implications of these findings are crucial
for promoting proper hygiene practices,
especially in low-resource settings, to minimize
health rsks associated with reusable menstrual
pads. Comparisons with previous studies, such
as Veeh et al. (2003), further support the
effectivencss  of advanced cleaning and
sterilization techmgues in managing micratial
contamination,  However, studies such as
Briancesca et al.  (2018)  highlight the
limitations of relying soleiy on conventional
cleaning methods, emphasizing the importance

E-TSSN: 2814 - 1422; P-I55N: 2416 - DdeX

of educating wsers on  optimal cleaning
practices. These findings underline the need
for further awareness and the standardization
of hygiene protocols to ensure the safe use of
RMPs.

Comparatively, studies examimng microbial
lpade in other vaginal products, such as
tampons, have shown varying results but
emphasize the importance of adhering to
stringent hyglene standards during production
and use [Briancesco ot of, 1018; Veeh &t al,,
2003), For Imtance, previous research has
highlighted the presence of §. aurews bofilm on
tampons, demonstrating the potential for
blofilm formation and the importance of using
advanced detection methods like fluorescent in
situ hybridrzation (FISH) and PCR to accurately
awseds microbial presence (Vesh et al., 2003).
These insights highlight the need for continued
vigilance in monitoring and improving hygiene
practices associated with menstrual products to
mitigate heaith risks effectively.

Species of fungl/mould species such as Candida
and  Aspergillls  were implicated in
opportunistic infections affecting the female
genitals. Species of the Mucor genus are
filamentous fungi found In the soil, plants, and
decaymg fruit. Usually, they do not cause
diseases as they mostly do not  survive
temperatures as high as 37°C. The microblal
lpads of the sample, as obtained by colony
count, generally remained lower than the limit
set by the FDA throughout the study and can
pose little or no health risk to the product
users(US Pharmacoposia, 2016).

The Chi-Square analysis confirmed a significant
relationship between cleaning methods and
microbial contamination levels (p < 0.05 for
mesophilic bacteria, molds, anaerobic bacteria,
and Staphylococcus spp.).  For Instance,
mesophilic bacterial contamination (p = 0.009)
was most effectively reduced by the
combination of detergent, disinfectant, and
ironing, while molds (p = 0.009) and anaerobic
bacteria (p = 0.024) showed similar patterns of
reduction, These statistical resolts validate the
critical role of proper cleaning practices in
enhancing RMP hyglene and reducing health
risks associated with microbial contamination.

The hierarchical clustering illustrated in the
dendrogram further enriches the discussion by
highlighting the ecological relationships and
frequencies of the identified microarganisms.
Lactobacilius was the mast freguently accurring
species (6 occurrences),  highlighting its
dominance in  the microbial community,
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In contrast, less freguent species ke
Clostridium and Velllonella {1 occurrence each)
clustered with others swch as Bacillis and
Fusobacterium nucleatum, suggesting shared
environmental niches. The co-oCcurrence of
moderate-frequency species like Candida and
Staphylococcus (5 occurrences  each)  with
Pseudomonas  aeruginosa (4 Occurrences)
underscores the potential for synergistic growth
under suboptimal cleaning conditions,

The study's findings emphasize the oritical need
for education on effective RMP cleaning
practices, especially in resource-limited
settings. Integrating detergent, disinfectant,
and ironing into routine cleaning protocols can
mitigate microbial risks, promaoting the safety
and acceptability of RMPs as a sustainable
menstrual health solution.

CONCLUSION

This  study  highlights the  microbial
contamination rsks of reusable menstrual pads
(RMPs) subjected to varous cleaning methods,
identifying diverse bacteria and yeast,
including patentially pathogenic species such as
Staphylococos and Pseudomonas aeruginosa.
Pads cleaned with water, detergent, or bar
soap showed wvarying levels of microbial
contamination, indicating these methods may
be Insufficient for optimal hygiens, In
contrast, washing with detergent and
disinfectant, especially when combined with
ironing, significantly reduced microbial loads,
demonstrating the effectivenpss of  this
approach, These findings provide valuable
insights into improving menstrual hygiene and
safety, contributing to menstruating individuals
overall health and well-being,
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Sustainable menstrual solutions: a scoping review of novel
eco-friendly materials for reusable menstrual pads
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nf unbypiemit manerials foe messtraal blood eollecro puan
et il vl gk Ak o infections, Lonited liératone exisis
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This waneg utten ends up m landhll, warer bodos and ather
raniral envionmment, postip & seherantal coological threar
The poduction and dinposal peocosses of dhose producm
reloiar preenhoune prasen and polltanes, cxcerbating ena-
mnmenil degredation,

Therefome, there v g pressne oeed for susmikaahle,
biodepradable. con- fiendly matonals for meastrunl produces
thue can sddress these isves and provide dignified and
hypienic solonoos. The development and wrlbzagon of ecoe
friendly musesials for revsable menstrual pads (RMPs) present
1 promising sltzrmatve. Given the crincal need for improved
MITM pevudusces in TMTCs, this sooping review eaplores the
mowel eco-fnendly marermls used in the prodeeon of B3P
The sutioasale fit poniducting this seeping revies |y o shilress
the jap in the liereture nygneding the full range ol mensitl
(ressluiers wvailabili anald thetr susalifiy for use by EMIC The
review will help iform pulicy decmons, resouroe allocanon
et priowgran clevideiperesnt marned at dnaped g MHM m thise
moponn. By focusing on et fnendly matemab the revirw
alsiz albpre with obal sustminabiding. godls wnd he Prroaclis
apends of providing weppon for MHM i schools and
CEMEIEHLIHEREL

A scopiag reviewris parncularly approprate forthis toplc s
ix albows for o Droad camieiion of the ceisting evidoneon
oowel maresinls for RMPy, deanfying hey conceprs, pgaps and
revesrch priorities Thiv method provdkles 2 cnprchienklve
understanding of the curfenn indsespe of MHM producs
urid theit poteitinl W impeove the lives OF wosticn aml girls
m LMICL The finchings from this revscws will oonessbure o
the agreng, efforts o enhanes memarmal healih and bygene
wlabadly, prometing pendee equaline snd ermpasee o wesmen
anil giels o manage theis menstruation with dignity, safcty and
ot

A prebmmory seamch of MEDLINE the Cochrne
Dntahase of Setemete Revicws, Jonnna Brige It
evidenee avtithe atid PROSPERD v conducted amd no
currentor uiders S Tematc TEVIEws Of ST FEVIews 6o
the gl were ldenifued, The ohjectdve oF this souphg review
& aneess the svtent of the Biernmre dn matedad/Ghncs
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Review questions

1 What rwved eon-fricndly mbettals i ddegpmie fe RMPs?
(Comeept: novel, ceo-fromdly materialy, pogulaton: maie-
prals jor RAPR)

2 What are the propertices of novel con-bnemdly matenals
e BMP? Commupin: propenies of maesialy, RMPs;
population: novel marerais)

% What in the reported envirommental imipoct (g biodegtm-

ahiliny) of these novel matenads oompased to conventonal

matcraalst (Concep envisonmental impacy, boodegrad:
ahility pogelationt; nove! und e ommnal mitesial,)

Methods

The presmcod for ehis seopimg revico s regirterod in PROS
PERCY fumbér CRELMASIIBY finpey) S gorka
ek peogerymeplay_record phpl D-=C RG4S [05E),
This review adheses i the Paderred Reporting e for
Sratematic Reviews amd Mets Analvies exrension for Scopng
Revdeun," This sooping teview’ sy (o expliore thie ferdscape
of novel eoo-frendly materials weed for RMPa. A scoping
review i hdeal for providmg o comprehenine overview of
exikting evidence, eluchlating bey conepn and ileasifying
nonearch gapa Unlike sysiematic. mevicws, which focis o
ihe igadity of stmfies, seoping roaeas am o Gifer o Tromd
persprective on - the avallable fevatere rogeedless of snady
apeeliry.” Seopang reviews ean fulfll sevesal alijectives: they can
exarnine the breadth, divernioy and nature of the evidence on o
igtven togrics ainess {he need for g ysiematic review; i
findings from 3 heterogencoms body of knowdodes; and
Wenfify gaps in the lnemre o nfierm fusure nesearch, This
spproach i uscful lor bypotheis geocration and puiding
furmre pesearch efform.”

Search strategy

A threcstep sesrch seriegy wa emsploged W Jocaic hath
publihed and enpublicherd snsdice for the scomng ceview
on moeel, coo-tnendly. materab wsal mo RMTS An minal
limited search was conducred seps several key electronic
databanen, inclodicgy PebMed, MEDLINE, Cochranc liboarny,
Scopos, AJOLL Geople Schidar, Web of Scimee, Worddande
saicnee, Stioneepov and Glisbal Health datbase This mimmi
explomation, smed = idennfy selemne keywonds amd inces
berima b e exin g liseratiee.

The levwords wnd mdex rermn pleaned from the wmnial
wearch informed the developrmesit of & comprehensive search
strateyry tallosed] ger each databmse. This smateiry combined
cvripiilled vosgaludury (Bl MeSH et in Pulided) wish Key-
worrils refaned to the meget populaion, concepts and interven-
tirms. Promlean opesanons [AND, OR, NOT) were srategeally
iwsex] o mshine the seach il and epsure ey capriural
rellevanit wrudics

Thie sesiredy weas pot hrnited 1o decremic databases alope
The reterenoe lists of all mcladad studics wene mencoloom |y
scrrwnen] i liletiiy addbonal slevamt amcles, Furbermarn,
the feview explored gy litcramure soeeces such o conference
peceodings, theses, dsertation and relevant webmnes (eg
manufacmeres websites, NOG) reports) to porentally ancover
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unpubliished srudies. The seurch focoed on sroclos wien i
Furhish benupage

The key acatch mems weed for PUBMED  dotbase
are Pwomen” OF ‘s’ OR ‘menza’) ANDDY (eco-friendhy
marenah” OR ‘plant based fben® OR ‘novel mamnaly’ O
‘chath"CIR ‘el OR prscuct’ OR ‘sherhenst OR Saninny’
AND ['rousable meastronl peds” OR *rocpelable menstroal
pail’ OR ‘sosteinalle mensoual pad” OR “Jispesiable mem:
strund puds” OR ‘meostrusl peds?),

Study screening and data charting
Thie sty seroomng sl duta charting proccion wem cim-
ducted systemarically to cnsire 3 comprehensive and unhi
sncrd selediion of rehevant sl The il scich simiten
penerated o list of bem that were seeened For duphcafon
Afice removing dupbeais, the semammg tems were sib-
jected to @ detaifed screening process hased on therr tdes
anil abimmets, Two nesearchers (AR mndd FT) independently
scroened the ddes aad sbsmacts of the amdelés tsing the
Covidence software, veriton 204 Arodes they cleady did
not meet the (nclbsnn corens were excloded ot this stpe. In
eases whire there wun uncertaingy abour un artele’s elahil
ity B wan ndvaneced i the full-ext review smge o furthes
vl

Fidl-tewy amncles were then revicwed w0 determne dheir
ehygslvlaty basax] om |1rn’¢'l't1u'11 eriterta, ol the Gicas o
mvel erofriendly marenaln foe RMPs and thelr propersies
annl envinonmental mmpact. Additsenally, other meshod, such
a comon sewrchigy and sereening of  nebevane wohaim
anil organeational  weporss, swere emplayed 1o ddesiify
sihiioana] noodien Dam from the Incloded aoslies aere
extracted snd charted wning o sndandioe] form o cnaure
constsiency sl comprehensiviness o caprunng rebomnr
i faar et .

A dhats-charrmg Form wus desveloped docment miathiie],

wrody’ coniry, your of stody, sudy desigs, stdy purpose
and e, findings relmed v the wricle’s objecoves & qualivy
avsesarnicnt was cartive out isieg the fobos Huplons Nuoesing
Fuvrdenve-Baned  Pracoice Ruting Scale Qualiny  rabngs
include & Bomon nomeral 0 salpn 8 ey of oadence
aml ® lener W wnieaie the spasding we lagh (A, oo (R oo

v (L33,

Data (terms

The i fcus woon the maienal wpe (e himbon fiber)
il ies propermes (baorbeney, comfor) compared in eomven-
tiwtal matetisls, Favvdnmamestal impac, chiding blidegrnt-
abiicg, was abser assessod Finally, the neview hooked for any
availabile dats o oeer expinenes and scesptalidlity of thew
ocw maicealy

Eligibility criteria
The following ore the crieria weed w seleer the sradies o be
pacuabon] i the ppy

1 Sruches thar mvesngare novel sto-fnemdly matenaks used

for R P

il Resennch artieles prshlinhed b e Faglish lanpuage

bl Soudses that compare eco frendly marenal with conven:
tiwriad hsponalily monstrisl padn

w Astcles repoming on the propemes and environmental
mrpred of newel cencfrimdly matenali wed for RAP

v Aoy imdy with Information on use, sty effective
ey, OFcmEY, ot efcctivinoid, cavitiemmenial migec,
adoption of soceprabiiity of RMPS (cohors, rrigls or
erns-arctional stiafies; qualitucive, spsentitasive o mis
methiod stodses).

Results

The rescarchers pencruted the inirial 431 ftema. Afrer remos
ing duplicates, 429 jtemn were screencd by ofle and ahstracr by
rwo ecsearchers (AR, FT) mdependentdy, excluding 363 ard
les upingrthe softumme Comidence, versson 2024 Thirty smd-
bCy wWete m@ihﬂﬂ#ﬂummmﬂ:m&ﬂm
Toenmy-nine studies wene assessed fraretighilioy ond 17 snxlies
weie exclisded hased on weongy ooimomes (8 = 2}, wrong
miterventiom (@ =) and wrong study dieign (v = 9]

Foery cighr additional srodies weee Jdenrilied theomgh odher
miethls iwludinge welwites (0 = 15, organbeaticons (s = 1)
and estatiom searching (o= . Taclve reporss were sowjthe
i remieval, exght were mscsad for cligiblity. and fonally,
tourwere inchichod i the review (i 1), Sovteen stadbes were
tichubed in the Gnal senthesis, Dt chariing s susmanenl in
Tatde 1.

AT 16 somfies focosad o6 ||.T|.!|1I:iF.|1r'|g differeni mutch-
ths/fabricy ured for RALPL Six srudies were expermmental
tesentches, one was puntitative descriprive, wvin wen
reviow articles and ta were mimed methiod researchen This
pranciy of evidence dlesdy derponsrtuion’s teed for taiepech
on move] marerinls for RMPs

Quality appraisal

Acupiality aawesatniene wak carried dust mmgilh:juhm Hinphine
Nursing Evidence -Basod Practicr Rasog Scale” Fight artscles
m this seoping revew wers Teved [ evidenee [expermental
sy, mandomreed: comeedled traks (RETT) of momedd math-
osds hesdgm that ancludes only & Lovel 1 k] omd iral-
iy A (high quality), mesning the tescarch wan consistent
with generalizable reaults; seffocicm samiple aiie for the mrody
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e strch-baged bioeplastie shisen'” and poly lsetic acd
(PLA) fiber, which s desived from comn erarch.”

Properties and environmental iImpact of novel
wro-friendly materials

The scoping review tevealed severl key' propenicy of novel
pov-imendhy. medermals ol in TP, higﬁ.[ﬂ'!fl.llg it
ahworpuve, sntmicmbial end strucrunld advanmges

Bamboa
Bamlss whdiding exhibiv un eacepnionally high absorptiviey
itlen ol T.M_ 1.,_|;mﬁ|_'|,|1|]'! HI_IPI'H:,T'IHH!iﬂF it lwer uu_l,riiﬂl..
wiech a comton wery cloth (L8, hemp choch [14), linen
(L37) il even commencal amimey pads G387 Bambioo
fiber m mine tines more ahsorhent than, cotten antd aeary
twice s pbacelen: ws @ stgdinl waniery pad The
miaressal™s steucher, Hlled swith sdtiple micro-hikes nsul
mues-gapy, vof onby cahances alnorbeney buy alio i m
rechucing nelor ™" Bambeono fibers e biodegmeable, elasti,
ertvirnhmentlly Freidly, atifungall baotorostine, antilac-
testal, bygreacopic, ypodlenmnic and namral deodimises,”
Barrihews fibces are cffecove spna bacrerns, sach s Eooli,
Meathdrplacesrwit naredel nnd: Bacilhos sp oy well se fungl, such m
€ il e

A undque bio-agenr kniin 1 ‘Bamben Kun® has heen
Wiscvwvered within bamshon fher This ageat mbiluts baceral
provath, smparting antibaceeral propertics o bamboo-based
matenals, therohy enbraging their suirabilivg fos sanitiry prod-
wern ' T bas o navaesl untibacserinl, antifungal and sntisearic
gualitien.

Hemp cloth

Hemp tiher o o bodegrasdable, confoendly, mobore
petiacilide, ane-statie, sulateon, warmih seiettbon, and-17Y,
anti-mddew and anttbectenal” 1t wan (vand out tht hemp
filtwer alwwed sctivity s Fhadvindbior d, 8, amimii ard
€. wilticans.”

Banuna fiber

This s 3 bindegrudable agro wasie that s rcouibile, maono.
earpic, replanmble and ponmine nanad qualites, sich as UY
prertie, st slvampstion s ant-amsdant properiics.”
Baimns pads ave eormpletely lidegridaile und decompose
campletely within one year” The amousd of CO2 et
fremm e dlinprsabite simeary, pad s =004 kg COI, whle
the amau of G2 liberared frm hanona fiber is estrmmied
us b <000] kg G2 "M

Polyerhylenc and polyppylene
Dalvethylene snd pobprepylene e vsed foe the botsom and
e bovers of RMPs, ropectivels. These materials provide
ngcesnary waterpronfing snd yeuetsral Intcpsity, ensuring the
r.l:llll 11 4 L‘-ﬂk-‘[‘lrrllrlr anil 1||.|1‘|Il|:h:|”

Jute fiber

Jute fber o seeyelable, 1000 hlidepradable s envbron.
wenrlhe friendh” It is evremelr abaorhent,'’ ciuses no
skint irritntinn, have antismits propertio dwudating peopirc
and manstiere regain of ~1A7%%" Juee fiber can alworh
up to 20 of water under hih bumidity and cottalm
B1-T1% eellishwe, 14-20% besweelluloses and  12-175%%

et

X trifarciata fibers

The fibers of 5, fefundes, when microencspuulated with TRoss
danncena, prasess patent antrmacrobial properties. Thoy une
effective agaftst sarom mcroorgammems, Inchading = o,
Prcuiclamunisis sp and Canchicda sp This uckds i cares Liyer ol

prvnection and hegene o memstoal produices =

Konuf fiber

They ane hiosdupraduble, esvimnmentally Friendly aned pre.
dammnandy masde ap of ceflolme (15-57%), hemicellulires
21,55, g (B 305) amnd petcin [3-5%) .

These finedings are particukary releane m manoficnrens,
heilibenre profomionaly ind ewviremiental advicates. The
wic of thoe materals i help crote vasamble monsoal
prochices, roduce ermonmental impoct and provade afer,
milare conifod falde cgathonin far e .

Adbdinivmally, mesearchoens are encinrggiid W etnduet fue-
ther sfulios, partioulardy RCT, o evaloute the horg-zerm
pertormance and potenmal healeh benetit of these matenaks
i AP Fisally, rescarch im the cost-eifediveness, Tong-
tierm dorshiliny and life cyele amessment of these materink
i erucssl for o compichenstve undentandmg of then ovenill

IEpacE.
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Discussion

Tl Frrnlioggs. fromn this senopeing reviei pioviske & compehien-
wivie enerview of vanous ceo-frcodly rnenads ldensidicd for
RAMPS e thietr promential o moplaee comveninmml dwposbic
piste, These moteriaks, imehadimg bambeon, banana, organic car-
pon fbeers and othess, ober signifiane envitomaeneal honetin
comparcd o traditionad deposable pads, which arc lepely
composed of non-bindegradebie materisls and contmbare m
suhstanna environmental pollunon.

Previous studies have highlighted the envimsmental hax-
ards posed by disposable menstruil products. Por instance,
Yaclow" noved vhar convennimal disposabile pads, which eoa-
pitkr gt 40 SOOA00 sear o devompuse, leacing o maskive
wante management challenges and envirommental eontaming -
b, Cilptumale and Aoy disessed dhe impreper dispal of
mcastrasl wints i Nipeau, emiphastzng the pressng occd foe
suntaderabibe alteriatives b matgare erivironeental apl ik
heahth ke

The matertals idetified o thie mevaew eahiboe sevesal eoo-
frendly propernes. For immace, bamboo and hanana fihom
ure it ooy bigghigradabde fuot gl pospess srtmiprahiad
properties, which can enhance the bygene and safeey of
menitrual producm.” The tord lives of srunsbly pads made
from marerials dke hemp, comon pery doth snd bamboo
ki ifemnstruie I-upn‘jm' ahwnrlserioy aml |:E.l.'ril'l:ll.l.ll;'_|.| aihich
ure crirical foie effective metsmual mangement” ' Thete
mpgtenils dlso neduce the echeneg on smthetic filers, hereby
decreasmyg vhe carbon fogpring ssocieed with rhetr produc-
vt il djspesal |

Companng these hndbags with previous research, emmpha-
sirod the proswong scccptoser wnd bencfius ol nousalie
menstrizal products in Ghasa, highlighong ther potennal
w mnprove messeal bypene and roduee covironmennl
impact.’ Van Eik o ol furdier ondersosied the plobal shit
toward reusshle menstrual products, ponng el posinve
mpact o0 menstrual health managemenr and eoviconmenial
wustairrabsility,”

Conclusion

This scoping, review b fughlsghiced 4 gawn of novel, cos-
fricmally muterials used i RMPs, citegotined wo o, e,
and booom bvers to roxmize eomifoerr, absoebenoy and
water repelience. These marennly, meluding bambon, ke,
bansna liber, atpanic cotma and othees, ofler sipnificent
achvanmpey over madmonnl degpmable pade by reducioge
eavirmmenis! impact ind enhancing usct expencnce throwyh
superior absorbency und snnmicrohial propermies

Himewer, the Hndings alen seveal gaps in high-qualiy
meidence, particularly  peganbing  wser  eapericoces and

eoenpechenstve Bfe cycle ssscssments of these oo fneodly
treaterrals, W lile thee idennfimd matemals show pnsmise, fisther
escarch s docoyuary m vabdate therr cfficacy, safery: and
sccepinhify actos divene populthions. Systemaiic eviees
and randomired conreolled trinls are reoommenshed v provido
mbnmt eyidence on the performance and sismismahilicy of
thiese materizis

Strangths and limitations
Dine of the pomary strengrhs of this scopmg reves if it
pltmocnng namee it i the et sndy o comprchenanly
examine and categonze te oovel, eoo-foendby materials umed
in RMI% By svvrematicnlly idennfring wnd sonthesaring expr
I sesesrch, this review provides o valushle fandation for
fumre Mvestigatnns in this pelstively weanloned ses. The
veview's detsiled classification of matenals bised on their spe-
citse fumctions within the i layerad strocmre of reunable pads
nffers orimieal insighis for borh sesenrchers and manufacrunemns
smitig by develop mote sustabnaile sl effeetive menainial
Iwgene prcalocis

e scopmyg eevaew process Fus aevers] Tmmmnone Faly,
|1'u: Tevicw was nlni.h'q:rll:'l'l I::,' the 1.1IJ||I-'|'_!|' el Lo ol the
svulable liveratune, with & notalle pavciry of Baghe-levd evi-
dence, soch g0 RCTs and metsanalveen. The relmice on
vaniers study deagpnd, meludmg expcremental, descrprve and
meview arbiches, ntroduces heverogzoony. that can n.ﬂ'u:! the
tiobstnes of the cunelissins

Supplementary data

Sapplementary data snoavadabie ar vhe favmedof. Pl ffralih
wanline.
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