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Abstract

Producing bioplastics from agricultural waste is a promising solution for reducing reliance on
traditional petroleum-derived plastics, while achieving environmental sustainability and
recycling agricultural waste. In this work, bioplastics were extracted from pea waste. A Central
Composite Design (CCD) was applied to optimize the production process, with two main
independent variables: pea waste mass and glycerol mass. The design aimed to study the
combined and interactive effect of these two variables on the main responses. Five main
responses were measured to evaluate performance: biodegradability, water absorption, moisture
content, water solubility, and porosity. Statistical analysis using analysis of variance (ANOVA)
revealed that porosity was the most robust model (R*> = 0.9786). Both pea waste mass and
glycerol mass acted as highly significant factors (p-value < 0.0001). Biodegradability was
primarily influenced by pea waste mass (p-value = 0.0397), reaching its peak. At 80.92% when
its mass was maximized and glycerol minimized, glycerol acted as the dominant plasticizer,
significantly influencing water absorption (p-value = 0.0007) and moisture content through
nonlinear quadratic interactions. These results demonstrate that while the mass of pea waste
provides a biodegradable basic structure, glycerol concentrations must be precisely calibrated
to balance the material's hydrophobicity with its structural integrity. This work contributes to
the circular economy by transforming pea waste into a value-added material, while reducing

environmental and economic costs compared to conventional methods.

Keywords: Bioplastics, Pea Waste, Glycerol, Composite Central Design (CCD).
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L) Al LIV
Lo Ll 13 oo 0S5 Ally cplelal CCD (g5Sall CSiall mianail) dlad e alaieY) &
Pure ) 2l (a aill Uaill 508 Glaal (1007656362 8 dujaill) Jlaall ol (B 2 la35 ells 3
ol alasiul Adbany) dallaal ULl s3a puadins LS qeiliill 4ilas ) 48all 3y 35 (Error
e b LS ol 2isai o Joeand G dad) cpaiall il slDesign-Expert

(LIV)Jsaadl

il L) we @Sl Gl aaaill dad 1(11V) )50l

1 dia 2 yicia R1 R2 R3 R4 RS
Run  APea  B:Glycerin  jagy  Lalais s dpalsall  daghyl
mass mass slond) oLl elal) (%) (%)
(%) (%) (%)

1 0.2 8 64.92 28.78 29.27 11.66 3.95
2 0.6 6 69.18 33.38 43.24 24.28 5.29
3 0.6 6 69.18 33.38 43.24 24.28 5.29
4 1 8 7094 30.88 3444 17.18 7.14
5 0.6 6 69.18 33.38 43.24 24.28 5.29
6 0.0343146 6 7193 2985 40.21 16.12 4.67
7 0.6 6 69.18 33.38 43.24 24.28 5.29
8 0.6 3.17157 7397 3835 42.16 24.28 9.47
9 1.16569 6 7281 2881  35.55 26.09 5.26
10 0.6 6 69.18 33.38  43.24 24.28 5.29
11 0.2 4 60.34  42.68 42.27 21.74 5.09
12 0.6 8.82843 7253 2656  36.95 11.47 6.54
13 1 4 80.92 38.15 40.82 23.94 7.89
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Aolead) Jadl (%)= +69.18+3.48A -0.9296B-3.64AB+0.7125A%+1.15B?
slal) Galaial (%) = +33.38-0.4876A -4.73B+1.66AB-0.9675A%+0.5950B?
slall (lusd (Yo) = +43.24-0.3588A -3.34B+1.66AB-3.18A2-2.35B?

Laalicall (%) = +24.28+2.73A -4.37B+0.8300AB-1.80A2-3.42B?
dighl) (%) = +5.29+0.8530A -0.7542B+0.0975AB-0.2794A%+1 .24 B?

Jemaiall Tosedl) llaia) a Cpn Alial) o agle Joaniall bl = 3saill e 1ol
Slany) zalipl) Adanlsy amloll z3saidll Cipla (o dadgiall dusedll Cililaial) adiy Lt lgile
Gl o ad) L)

Aad gally dasal gl (s Aiall 3.V

pii DA e (Sl eSpal) avanail) z3gai daia o (380l dsaguyll @yhall aladinl o
Baga o duadd) cllanny al dedgially ol cluall) G BaloyVly el aojsll degh

Gllainyl 8 dadgially Lwyadl) adll G Al maasg 5 el g clawdly
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60



LadUlly pdlad) &) el
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Actual

easlsnl) JIatll AlE) Lsedd) llaia) 8l dad gidly L yaall sl oy 38 :(1.1V) (i
e ((B)iludls «(D) slall (8 sl ds «(C) dughayll dps ((B)slall (abiaial dus «(A)
el (s il Baga
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Ayt (%) o) cblann dadgiall andll (2. 1V)J gl

) QY 2 iia R1 R2 R3 R4 R5

dail)  galaial  olgd )
RUN A:Pea  B:Glycerin daalucall  Agghpll
mass mass ¢l el sl (%) (%)

(%) (%) (%)

1 0.2 8 70.27 27.11 33.07 1113 455
2 0.6 6 69.18 33.38 43.24 24.28 5.29
3 0.6 6 69.18 33.38 4324 2428 5.29
4 1 8 69.96 29.45 35.66 18.25 6.45
5 0.6 6 69.18 33.38 4324 2428 5.29
6 0.0343146 6 65.68 32.13 37.38 16.82  3.52
7 0.6 6 69.18 33.38 4324 2428 5.29
8 0.6 3.17157 72.80 4126 43.27 24.28 8.84
9 1.16569 6 7553 30.76 36.36 2453 594
10 0.6 6 69.18 33.38 4324 24.28 5.29
11 0.2 4 64.85 39.88 43.07 21.53 6.25
12 0.6 8.82843 70.17 27.88 33.82 11.27 6.70
13 1 4 79.10 3559 39.04 25.33 7.76

(ANOVA)cubidl) Jilas 4.TV

b Aiadll il (Sl Syl panaill Aol Gy ililanadl dlosy) dalled)  loss
Jalsall Jais Sl 5alad) L6 (sae Jsaall elais (ANOVA) culall Julsas (3. 1V)Jsaal)
«(0.1653) zisaill p-value dad il Cus cAaicad) sald) danii ulul yi5e 2 gl
Alaia] o2 Jial ) s Y 8 el 23saill o ) Lale s Laa ¢(0.05) 00 ST 2
Jsaall pm ey wag ¢ Jlatll deju o 35 Guti ol (AT i Jalse dlia o 5l (JalS I
(F-value =6.36) 4d s (p-value =0.0397) dasis (gsinal) msll Jalall o (A) £WLI AES ¢
dgmadall Clhyadsd) Lo e 15 WY i) Llee gy Aalal) dugaad) 5alal) 83l o iy Law ¢
Al jall o3 3 5l (ggine A ppmdall 0S5 o L iy Kol U8 (pn gl AL
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Llle Bale (ppudal) daalal) Lalill 405 ¢(32.61) las dille F-value dasds ( p-value=0.0007)
e Jgow Lae oML 3 0l oDl o liliall ma aialsy ol 1A €Ll daydig dadadl)
Auillig R? Aol Tadg (%84.02) Lia 7 3galll 48y cialy 25 cala (<o (aliaial) iy slall il
«(p-value = 0.0117) dass (gyinall alall z3gaill jedal Cum elal) 3 Anbisdl ol didas )
Jsaadl 138 & bl dpalad) 028 5315 8 (p-value = 0.0053) Lyasa 53 cpopmlal) Caad Cam
on e ¢(0.05) (e il p-value ais (AZB?)cpmdally oY3L e O dmu il 2l Lgina s
2513 Lalall e Barme aw @llin o e 3 cdien (Sl SleS Al "driaie A" 3gag
cebd e U< Lnlied 2agis salall A gl aolg Hl) et Wjglas

B35 38y g e eyl o Taales Tiloan) (oW1 iy dabisall bl (ulas ) dally L

Las ¢(0.9786) el laa daitize R2 5 ¢(0.0001) o il cilS 2 3saill p-value dad Cam (Aaila
i) Jelsall paen 8ol daabue o 85a0 Clpiddl e (%97.8) chin zisall of i
bl iy F-value (157.92) dad el cppulall das un (Al Lgine CilS daan il
AES Lagin Olsill 2ang Cum a2l WL (graddad) JSagll GaleS opulall dae G Jasyy (63
alll Al dojenall Gl ) aang

(p-value =0.0112) Usite diginn z3saill jglald dugha )l Ayl alial) Jabas ) dpesilly Wl
(p-value =0.0310) ¢pymdally (p-value =0.0187) WLl e JSI iS¢ (R*=0.8366) s
1 Lyds (p-value = 0.0044) Gopdall sl anal) 530 2 aaY) (Slg (gpina Jaa il
Bine Dby (ppudal) dila) vie s dad i i dasne ot IS8 Dighayl) a5 Y gpndall o
53aS laeS Ala) wie (S0 ey Tading sall (e elad) ol Y Aoy Loghal) 2% cAlasgic )
5Ll t oy Lae (goh b Ciaay 38 ) Ligaylly Ll daniie Balall raesd 38 Gppuslal) (g 13
doshll a5 g€ Baly Gl ¢lgiiy Jasiye (A3l ele o (g5t YL Ll gl 6 AL
celogll dmpra ol dukay i b axdiidi ald) clS 1Y) Aald blae age bl 138 cgalall 44090
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> sl Jlaill L6 ) Sllaiul Gued AaiuY (ANOVA) calill Jalas
(%) Aalsdl 5 ¢(%) slall (A Gl sdl) Al (%) Ao sha )l A (%) slall (aliaial dsid (%)
(ANOVA) ¢plal) Julas
Aoload) Jlatl) 11 Adasy)

Source Sum of Squares DF Mean Square F-value p-value
Model 168.30 5 33.66 2.21 0.1653
A-Pea mass 96.91 1 96.91 6.36 0.0397
B-Glycerin mass 6.91 1 6.91 0.4535 0.5223
AB 53.00 1 53.00 3.48 0.1045
A2 3.53 1 3.53 0.2317 0.6450
B2 9.24 1 9.24 0.6062 0.4617
Residual 106.70 7 15.24
Lack of Fit 106.70 3 35.57
Pure Error 0.0000 4 0.0000
Cor Total 275.00 12
R?:0.6120
sl Jalaia) 12 dlaiuy)
Source Sum of Squares DF Mean Square F-value p-value
Model 202.10 5 40.42 7.36 0.0104
A-Pea mass 1.90 1 1.90 0.3465 0.5746
B-Glycerin mass 179.02 1 179.02 32.61  0.0007
AB 10.99 1 10.99 2.00 0.2000
A2 6.51 1 6.51 1.19 0.3122
B2 2.46 1 2.46 0.4486 0.5245
Residual 38.43 7 5.49
Lack of Fit 38.43 3 12.81
Pure Error 0.0000 4 0.0000
Cor Total 240.53 12
R2:0.8402
slall B Gligdl) :3 dulaiud)
Source Sum of Squares DF Mean Square F-value p-value
Model 198.36 5 39.67 7.04 0.0117
A-Pea mass 1.03 1 1.03 0.1827 0.6819
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B-Glycerin mass

AB

A2

BZ
Residual
Lack of Fit
Pure Error
Cor Total

Source
Model
A-Pea mass
B-Glycerin mass
AB
A2
BZ
Residual
Lack of Fit
Pure Error
Cor Total

Source
Model
A-Pea mass
B-Glycerin mass
AB
AZ
BZ
Residual
Lack of Fit
Pure Error
Cor Total

89.43
10.96
70.54
38.32
39.46
39.46
0.0000
237.83

1
1
1
1
7
3
4

12
R% 0.8341

89.43
10.96
70.54
38.32
5.64
13.15
0.0000

Laalucal) 14 dulaiy)

15.86
1.94
12.51
6.80

cg\jj\ J..aﬂ\

0.0053
0.2060
0.0095
0.0351

Sum of Squares Df Mean Square F-value p-value

63.95
61.53
157.92
2.85
23.37
84.00

< 0.0001
0.0001
< 0.0001
0.1353
0.0019
< 0.0001

Sum of Squares Df Mean Square F-value p-value

309.28 5 61.86
59.51 1 59.51
152.74 1 152.74

2.76 1 2.76
22.60 1 22.60
81.25 1 81.25

6.77 7 0.9672

6.77 3 2.26
0.0000 4 0.0000
316.05 12

R?: 0.9786
dghyll :5 Llaiuy)

22.49 5 4.50

5.82 1 5.82

4.55 1 4.55
0.0380 1 0.0380
0.5430 1 0.5430
10.71 1 10.71

4.39 7 0.6278

4.39 3 1.46
0.0000 4 0.0000
26.89 12

R2: 0.8366;
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7.17
9.27
7.25
0.0606
0.8649
17.06

0.0112
0.0187
0.0310
0.8127
0.3833
0.0044
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Comdall A0S ) LlSs daialy A€o ADle dag Cus celdl Galaid e claudlll 50
A Ay el s (%28 (ss) Wobsies ol ) deail slall Galiaial duns cuaias|
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Water absorption (%)

B: Glycerm mass (g)

Water absorption (%)

as
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(%) sl (abaia e (B) copuldall 455 (A) oYL AL a0 0 (3.0V) Jil)

Qs A e (B) Gupmalal) A5 (A) oWl ABS (e IS 456 (401V) S elad

ged e BT (%44 et lgd s el o Baadl il (ggaal) anSll (%) slal) B
e 0.650.4 oW AN ()6 Ladie Taaty o gopiial) S (e dimbiia ) dausic il
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iy ¢ gl paldll bl #3gall PIa (e Sl puaiall Ladgiall iall audl) padlasinl

Jalas o iy 3y cunatll Cag Bl (it it LSl tlean) maanctll cililus sl ans

e il ) apaas 5 Gy e 3l ¢ o zase sn LS (] (Laedlall) GlisiY)
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’ R
0.2 1 4 8 60.34 80.92
A:Pea mass = 0.468071 B:Glycerin mass = 4.39979 Biodegradability = 68.6305
26.56 42.68 29.27 4324 11.47 26.09
Water absorption = 38.0387 Water solubility = 44.6214 Porosity =24.7117
O
Desirability = 1.000
305 947 Solution 1 out of 100
Moisture = 6.40164
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