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Optimization of pectin extraction from lemon peels
using response surface methodology

Eng. Manar Raed Ali*'

(Received 30/7/2025 . Accepted 3/11/2025)

O ABSTRACT @O

Based on modern trends in environmental protection and the growing interest in the
concept of recycling and the utilization of all forms of waste, this research introduces an
approach for the recycling of lemon peel waste resulting from food and industrial use,
transforming it into a material with added value in the food and pharmaceutical sectors.

This study focused on determining the optimal conditions for pectin extraction from
local lemon peels using citric acid as the solvent. A series of experiments were performed
using various extraction conditions: pH (1.5, 2, 2.5), temperature (70, 80, 90 °C), and
extraction times (60, 90, 120 min). These parameters were used to develop a quadratic
equation based on the Response Surface Methodology (RSM) utilizing the Box-Behnken
design. The validity of the model was confirmed through Analysis of Variance
(ANOVA), and the significant effects of the individual factors and their interactions on
extraction efficiency were investigated at a 95% confidence interval.

The pectin extraction yield ranged from 5.3% to 28%. The lowest yield was
obtained under the conditions: (pH=2.5, t=60 min, T=80 °C), while the highest yield was
achieved under the conditions: (pH=1.5, t=90 min, T=90 °C). Consequently, the
extraction factors (pH, T, and t) significantly influenced the pectin yield from these peels.
The RSM results identified the following optimal conditions for pectin extraction: an
extraction temperature of (87.79 °C) at a pH of (1.5) and an extraction time of (98.55
min), resulting in a maximal predicted pectin yield of 30.17%. Furthermore, the predicted
values obtained using this model closely matched the experimental values within the 95%
prediction limits (PL95%}) for the response (20.07-35.49%). The experimental results
under the optimal conditions were found to be close to the model's predicted values and
were contained within the (PL95%). Therefore, the mathematical models developed can
be deemed successful and suitable for accurately predicting pectin yield within the
experimental performance range.

Keywords: Lemon peels, Pectin, Response Surface Methodology, ANOVA analysis,
Box-Behnken design,
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4.10 134.40 1 134.40 88.81 <0.0001
2.99 71.34 1 71.34 47.14 0.0002
-1.70 11.56 1 11.56 7.64 0.0279
-0.2750 0.3025 1 0.3025 0.1999 0.6683
0.2525 0.2550 1 0.2550 0.1685 0.6937
-3.29 45.54 1 45.54 30.09 0.0009
| B2 | 1.54 9.97 1 9.97 6.59 0.0372
-4.34 79.17 1 79.17 52.32 0.0002
10.59 7 1.51
0.5333 3 0.1778 0.0707 0.9726 not
Significant

10.06 4 2.51
502.06 16
N
1.23 R? 0.9789
16.74 Adjusted R2 0.9518
7,35 Predicted R2 0.9517
] Adeq Precision 24,0170

o S

PH axiall AL daidll 05 () Joaal) 8 daiasall (ANOVA) il e 3Ly clilian] aga yuiial

Oas (X2)phall dapdl Lailly W coadlannyl siles (pH) o ke 3D o ) ( X)
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A (YY) bl el chysiall o3a c dalag) ABle 35a ) Ju 1y cAinge al g ((X3) DY)
il Dy Hhall days 4y (PH) 5o padiaind dale aal Nl ((p>0.1) Laeal @l Jelill cyil o
Al ddile g8 Jelill clyil L padlana) o)
tObwaliad) A1y aladialy oadAILY) BeliS ady -0
S Gl (gl el e Galiiidl i Sl aadaad e Ailanl dadall Gaead Gl e
(X1,X2,X3) chpaiall il Jag il aaasl (Design expert V1) dbbaal clibd) Juad maliy aladil
O s 35 (V) el ) (D) af il Lo 2l Ji) dall yaals (D) Gluain¥) dlly abaes PIA (g
((Y=D)asls (sl Glusainal Ly (X3) 5 (X2) 5 (X1)bysiall ad Juadl
Vs ¢( X3=98.55mineX1=1.5 Xo=, 87.79°C) : IS il ally ¢ LYl Jal) e Jx Al
(%30.17) a5 (y) Aol L5055 dad Sl o
tolial) Cig Bl dauay g agaill (e (38T 0-0
el bl Jlae oy (pmb)ll #35all (IS 13) Lad 3aad (ANOVA) ol Jidas padiiy
Aaadll G sy a2l z3gall oF N Jsale g AaDlal paeg galill zisas uds cre IS
(¥) dsaad) 3 e LS (V) i) silad a2 350l (ANOVA) (il aladiad o5 o[V €] s (<5
zasall (F) dad of WS zisaill san daedle ) (R?=0.978) zisaill yaail) Jales dad i
el (F=.0707+) dad Jilas sy o P>+,+0 )and J5 Leiw cpgn zisall of ) el Lee ¢(36.08)
AVl gl 3l Alasind AlKa) (e deedlal
Oleaia) Al e Al i) zigall daia e oailly oz dsalll LU Dlef milull @
Cag lll ) Ko D alatinly L) cusal et liaa (e Gl i o) gl 43S (Y=D)
=Yoo V) AadU (%90PL) all duals o G (Y4,Y%) oiSH dle Jawgie angy ol
(%30PL) b slsinay z3sall s Aadgiall pill (p A il Cagplll b il il (%Yo, €9
sl o3 Ui b oSl dilas gnll Ay daals dnalyll z3laill (6% o oKay
talua gilly cla bl -1
ralalinuyiY -1
OIS e Jpanll pand) jrads Gsalll H5d8 Creadnl v
e dsmanlly (i) vle e adanl) dalse il as dadall ddee P G @ v
g il Juadl b jee dslasind e (Sa 73l
oAU i) Jagpill die edall sda (e 5K padlainl dile el e Joaall o v
chu dagie phadiuly il Asdall Llee P e @lldg ((pH=15, T= 97.79 °C, t= 98.55 min)
Aolaauy)
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