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Background and Objective: Grape and fig syrups, as rich sources
of natural sugars, polyphenols, and minerals, possess antioxidant,
anti-inflammatory, and hematopoietic properties. These natural
compounds have potential applications in the food and
pharmaceutical industries due to their effects on improving anemia,
boosting the immune system, and increasing energy levels.
However, turbidity in fruit syrups remains a major challenge in
terms of consumer acceptance and industrial processing. This study
investigates the performance of biosorbents derived from citrus
peels (orange, lemon, and tangerine) in removing turbidity from
these syrups using the adsorption method.

Materials and Methods: For this purpose, citrus peels were separated
from the edible portions, dried, ground, and sieved. To evaluate the
structural and chemical characteristics of the adsorbents, FESEM,
EDX, FTIR, and BET analyses were conducted.

Results: FESEM imaging revealed that lemon peel exhibited a
dense structure with particle aggregation, whereas tangerine and
especially orange peels showed a porous and uniform morphology.
BET analysis recorded a higher specific surface area for orange peel
(10 m?/g) compared to the other adsorbents. FTIR spectroscopy
indicated that active functional groups such as hydroxyl, carbonyl,
and phenolic groups were more intense in orange peel than in lemon
and tangerine peels. Under identical operational conditions, orange
peel adsorbent achieved 65.5% turbidity removal from fig syrup and
36.8% from grape syrup. This performance difference was attributed
to the nature and composition of turbidity-causing compounds in
each syrup. Subsequently, the effects of operational variables—
including contact time, adsorbent dosage, gelatin concentration, and
solution pH—on the turbidity removal efficiency of fig syrup using
orange peel biosorbent were examined through a one-factor-at-a-
time approach. Under optimal conditions (60-min contact time, 0.2 g
adsorbent, 0.009 g gelatin, and acidic pH), the highest turbidity
removal rate for fig syrup (70.4%) was recorded. The use of natural
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gelatin as a coagulant aid enhanced the interaction between turbidity
particles and the adsorbent; however, excessive gelatin led to
reverse turbidity.

Conclusion: These practical findings can inform the design of
effective operational strategies to improve the visual quality and
consumer acceptance of plant-based syrup processing. Overall, the
results demonstrated that orange peel bio-adsorbent is a cost-
effective, eco-friendly, and efficient option for clarifying plant-
based syrup, paving the way for sustainable industrial methods in
food product processing.
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4 Energy Dispersive X-Ray Spectroscopy (EDX)

¥e

=S5 L el g N5 Sl sl
LoV s by ¥V don Y ey
L CusdS S 5 cablid o VL JulSl
PH s 48 Gla Sy 5o (pmoes 31 054
ol ol ) s it asls 5 oS0 ]
o leBlid gl ol €S Olsea S 5
5 ol o S e [NV ] s b me 5SS
G Gy 3l cacalllae Sy 53 (T2Y0) 0,0
Sl gl A aeS e D3l Ol b
delass S eslinal Lo st 6 el 51508 5 S,
AL s RSM) ol e ) b (s3leing
o Jal 15 .25 S ool O350 oo 5 Les 8 S
i oo (4235 53 555 10V 53l S Sl ax 55 00)
oS J 3 DyslS 5 K do s 00/F Gl
o310 (o s Ao 3V LS WSG p als
Sl 5 Sl ralS e g B b oS
J.:WLi olaasOlEs @l:d R Sy s J ge
Sro el oLl kS 55 53 sad Sy VL
Y] el alS
P$y S S gl lg
Sl 25 53 OLS o G gy O3 5w e
Sl e mle ol Sl eslanal Ol ke oS 53
Sl 88 monils e 5 Hos Rl Olssan
S Sl s A b sla )
S, Gl 1) b glaoils S s
Slad e 5150l (I olS 5 5 S S5l
dol s s Laol 5,8 Jl= cpl b lesls ol T
o S0 S Slrege Glae pd (Gleblis
S L ol asn ool 5wl a3 318
Cmgy S ol s gaoilr 5 Ses L5
D) 5 el Glae s 5l S G s S e

b iy LUl s cpl 3 ol ol b



Ol Ko g dw (5551 Sl gy [ v g 3 GBOBa 51 3kw] U il 0gao & g (21955 595

5 Laol 05 5 ole CoeS sl o)
ssbie 4 3 eslizad EDX 5JUT I e gad Sl
il b (53 Shos glores 5 b
fro¥eer cml 03 90— ;3 FTIR L;’U—*’U’-:-l’
5ot o s bl ol s el
Jos 5 a5l e gl e ol
Barrett- ladits wlul 5 03525 58 abs-odo
Brunauer-Emmett- s Joyner-Halenda (BJH)
Jas Belsorp o&Kws 3l eslizul L 5 Teller (BET)

el 0 4 S 6 g ul3 L 5iS sl Mini2
L Sloosm o plsio)gaS Ol (2L
sl oste i dem s slailr Sl sl
S5l o i 253508 Al B s ol 5 Shas
s O oot WS i Sl e el
O S L il pd b g 5800 o Jylons )
VO Sods am g o> S Wbl L SNF /004 g Sl
R A LI
L I8 e Cs) ) 3l S pasile
Cola ¥ Oley s an s o353l O 0 1, (S0
o Laoilar wwolg oo 8 5 bl e
G 5ol I Jadoee 31 o Aol s
ol 3 JslS (g3lwlitr 51 Olne) Jpam
Tooorpm o Lo a 235 Yy ol a baaSgal
T ET S S B AR S IR
DS Bl Dliee 4 gl Hslae a4 il 3
JAe a5 oSl oS -
el PYO MM 50 J5b )3 5 Pg instruments t80+

03 5l eslax

s S Bl o33l awlowe g CA_9J§
o3 esla il 5y 50 (V) adslee calises slail>
Mrlcs g

Co— G
x 100 M)
Co

R(%) =

)

sosn Ul Slas s 05 Lses 5 sy 13k
Az S 15 eslaxal

Cidisre DS 1o G gy i) 3l (5lwoslel
b i 53 aS B 5 (S e el
o 5 o Sl oluld Sl s cenl sl oslina]
Sl el G adslesle Olse 4 0T S5
oo by sl b s s S eslital ol
U s 8 i gl s sl S ol a5 00 gles
(e 39 4 S S b Laol oo b
Sl 1 5ol 5,58 Cds 4 el S slacaa sy
Sty S eIl 4 B s esls e
55 esliul eslel Lacdlr cpl walsl 53 s LS
sl e ol

5 oSl e i 1 Uare gos 0 pd J ghons (55 lmeslal
ool &S ol s g edd Al el el
5 oble Glls leams Ll s, suS
sl o S VOIVY 55500 e o) 0350 (VL S0
el Sl Sy o rj:l s men a5 (VAVY
G b 30T K a3 50 S Sl
Sl oenl 5as 8 ks lade DT L o5leG,
e ST 31 sl Ul o5 555 S0l 00
e 5 Oldallie g a6 L A el s
3550 S (i Dladsd 53 el pl) Dlallas
O S s ¢ a3, 508 dul 3 s eslinal
ot 35Sl e 33 a Sy 5 s S S
SaS w5 ki OT L 3l 3l eslizad L ol
s S eI 0 S s S oS
iy SO Ol gas e b Sy,
Sl Sls a5 S5 se s sk
FESEM JUST 5l eai esll ow slacsils
oSws 3l LT ol ol Cogr s S eslinad
528 <L MIRA 111 Jus TESCAN LS

G 4l Ol A3 4B S e e S Goseer



VEF OF 0)lows IV 093 (2l Blgo (5,IeS 9 (55],8

o 3 S S iy Sl esliad b s ibesl
s =1, (One-Factor-at-a-Time, OFAT) (oL}
e oty Jis slasiie S 6 3 S
S sl bl Sl O dadr sl oLl
L) Slregoe oo 5l )5S G iyl b 55 5
Aol o gl a8 Dl i 03 sdows o e

Aas e O o Sladlas s

adslcdale 554Gy Co Vslas ol j3 a8
Eobey 5> Sloosme ol CBlE 5 Slro g o o2

RO
o ol S a4 i Slhes gla, S oluag
Silwaag el o ped 21550, 508 55 003l Sl
el 5l s Sl 0T Sles sl el

)l L_Q‘A._GM AI_..»“) LJ_i‘ BE NG| )b)j;'-ﬁ L;YL’

Sk l i giluang Cgr S Gla b Sl Y Jsde

Table 1. Details of key parameters for optimizing operating conditions.

03 gd>ee d=ly ﬂb%
Range unit Parameter
Yot w el ol
Minute Connection time
I 05 G il Lk
Gram Amount of biosorbent
V8= /aYY t£ oSY5 ke
Gram Amount of gelatin
- — sk pH
solution pH

el & I e e s
S il Olpse JE 5 (K0l ped s
S O GLls o Gy 51 Jool O3
L&y gy w505 50 L anglie 3 05,05 5 oS
S 505 3 S ol J= 5 ol il e S0
Josbsine s gl (S,U 5 JLi e
gy 4 gas 53 Josls ol 48 555 e odtalie
Slaas goi Jltlo o ol S 5ede JWS
Gz (Koo 5 sed Sy 1 ol s
ol S el e BB sla Sl a8
O3 g3 e e dis B Cansy dgad 3
o il e IS e AL W sa
S et el 35 5 il
3 el 3, Shee ULl Il 5y gy e
ol ol b Do o b pelan Dl T3
— 23S o33l Jleast Ll 4 e el )l &S

..»dea O3 ol b s s

Yy

NaOH (slad sles 51 J gles pH V“l“ Cm
doa il ples 53 s a8 o Y 5e SCHCH
o M G s anil 8 ol Jelss b
e CBsay Lot s bl s Ses e
S B a3 Sl o b 5l sl
5 S ol gl ane bl b (il Lol i

NUY il Al b S Ole) s

bleoy o s
st § (§l—2 3> FESEM/EDX 3]
Sz S ol s glailr (55T 550
FESEM 5JUT bu 5 J5 5 5 50,0 csed LS
35 el Yer 505, Y gla slS 5 L I
O\P&ﬁjwwvjjbw‘amﬁb‘(\)%

IS 5 5550 b olseal odan lls LS e



Ol Ko g dw (5551 Sl gy [ v g 3 GBOBa 51 3kw] U il 0gao & g (21955 595

D ga e A S5 0 i 53558 Osmen
S b Ol e 1 I 5 (S0 e oy
53 0LLS izman Codls Lo S L olS o] lie
Dy horn polis 5 DS 5 s pampde oS o
ass a3 EDX LT ol 55 il 5 oS (o o0
23 obe ol oS Sl Slade Lo 4 ol (S
i 538 oy S a3l OLS o oy S S
obe sam il 035 oS sl (pl el
38 0 i ol Sbe 5 olS el 51 S
LS i,y s 4 Ll e Ol 52l ey i &S

5oL el (bl ¢ me sl 5l s SU s

JJLv elcf .k.sz JJM b‘)ﬂrSuJ}LL

}g;_:,am_duu,,_ngDxJ-guT@u

Ftd 3 b Sk e 53 s e jole oS
wr g bl sl SOV K 5 OS 0 Cys
LS 5 5 bies LS o Gy S0l o
S S 5 S b o e e
ol bl 3 el lulid ole 10wl s
5 oS obe Lot Bilas cl o Ladp
s AL 5 ol ) & il 03]
etia 4 S jshilea das o SIS e S L
gy i gad a2 () EDX LT ol e
22 OS5 S pobe VL Ao)s Lge LS s

wt.9%
53.09
45.92
i 050
0.49
100.00
SKp
S Ka
PKB
P Ka
A keV
5 "ﬂ
Ka
SKp
S Ka
PKp
i keV
L |IH
D Ko
SKp
§ Ka
PKp
& o keV
‘Iv 10

WS o G gy 5 ool ) bl EDX 56T 5 FESEM  olas -V 503
Figure 1. FESEM images and EDX analysis of biosorbents derived from citrus peel
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Figure 2. FTIR spectroscopy of biosorbents obtained from citrus peel.
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pore diameter size distribution diagram of biosorbents derived from
citrus peel.
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Figure 5. Effect of contact time on the turbidity removal process of fig syrup using orange peel biosorbent.
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