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Table 1- Pectin extraction yield of skin and cap of pumpkin by microwave

Treatment  Temperature Time Ratio of sample to pH yield of skin yield of
(°C) (min) solvent (W/V,%) (%) Cap(%)
1 80 10 20 2 7.15 55.8
2 80 15 20 2 9.3 9.9
3 80 20 20 2 11.15 12.16
4 80 30 20 2 12.38 13.38
5 90 10 30 1.5 18.1 22.1
6 90 15 30 15 194 19.8
7 90 20 30 1.5 20.46 21.25
8 90 30 30 1.5 21.24 24.3
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Table 2 -Amount of galactronic acid in selected
treatments of skin and cap of pumpkin

Skin Cap

Amount of galactronic 8.04+0.47°  46.6+0.37°2

acid

Values are reported as mean + standard deviation, same
letters are no significant difference (p<0/05).

ua\,.ra Q‘}e.n XX QLA.:D:» A:u.u‘ \S:\:'JJJ:SYK o Hd
bl Sidus 51l (pl Olhee 4 58 5wl o LIS
LYoV Oblan 5 sib) el Spalls Jala 0255
anie Jlo (5500l 5 SLsslsa Gledle L G e s
SSoosSYE 770 Jlaa wl 655y Lol 4wl
(VO L 5alss PH 5 7Y s (S0 cod 4880
5 Sy o8 O Oliae €@K L8 pss 9s e
P<-/:0 plaus o el o ol e SMWAL g
A pesla woju Bl SIS S s S (el
o el Sl alsla 5o Cgy OIS 4 s
Laas, Sl s sl aloaial glagsss Ja ool b
(Y-VY) ohlKaa 5 Lo by oallal ol
S b sa goated o5 (b (o508 sla S5

o olaS gy HlaS A 5 SANS Hlas A fps
835L (2L 58 gy sl slaS ) 5 puS SIS
C Gloals Ve culi s jo «S A Slas casisls I,
o /S8 /¥ ol 4 BBa Y oae 4 %4
S Gaal GATe Hlad lgie 4w sael G
LOYEY lols KNS 5 7 YV/YY ol S cae
S olsie 4l Les o) Gl s loaial su3ls
b line LSS pLatll oo age slay sl )
52 s oly) Bleu S (BLIS 5SSl
A+ °C 5 Los Gasl53l b (Yo )+ olSan 5 (gls € Y- 1Y
ol il GalBd) 5SG elhanal sasl A °C o
me58 g daness) Loo (il 38 L eloatl susl (il 53
Sh ool enha il Gbla 4 Ylaal (\raa sl
O o JU) Gl o Jlis @ 5 Pls 5o w,S0
5 By cudd Pa Al 4 wela 0S5 alyd 3
S ol (Yoo LSaa 5 Ve p lKan
L palias dhal) gloadal glos aiials ol l88as
835k Ole) (IS8 b &S (g5 ks wols oAt sulbs
OB855¢ 03 (YN OLSes 5 o) wbiee Rl 50
gloaial sudl loaial pley cae Glisl b sals
09 gloaial 83l Gusidn S ok il il
los gloaial Hlenily (cd S o) e @ds Y )
soliical PH = Y31 «S el ool pd 5 i pH =YV/0
G bgise Gub lapH Lo wd s sudl Guss YU ol
o575l wels sobe Jobas s lga s wand 56
PH 4o 130 ol gloaial Pla o 655 ole
a3 il Somb glhdtal s sad sulitl
oy (WAY aa 5 goladl) sl Jsba o)l g
Sl S g e 5o ilealdl of Jlos
OlSaa 5 ol (YAOY LKaa 5 L) s aalea
o0 dela sule YU glacbile 5o wo S (5,15 (YY)
Oz Saelins Jobad (65185 oo 4 (alsaial Jslae
Bhee GRS asa JESI Glhee (Jslae 5 sols sole
2B b sols Jhagd mli (YF ohiea 5 olk)
Gil38 G sy ol adsllas (Y+1F) olLKaa 5 olsbe

sudl Gloae Y L Y ) pbe 4wl cus



Voo Jlo /Y ojlods ¥V als / plie mlio sla yinghy d puis

oly (bj g (g gAY

Gl 4250 L) Gy Gl il da 50 b (855
OEer 5 b)) Bedipe a4l (7 00 ) S
slachle [ gaa 5o Wb il da 0 b (a5 (Y- -V
-9 aas e J5 Sl uly slapH Lo 5 Sa (YL
09 Ombly ol dane b 05Sy H J5 JSas Sulla
s e by ssda o PH O oy dels
sLOs vy Ll wnlipe cose Sa Sal i
O 55 Gl U5 JSES gl S wile Bad5k g0
Oseilosa 5 GSA Y- F Pl 5 Sasl) cal el
1o ssel G G sanalea il a0 Gl (Y- V
o AwlaS s 3 alela 4o S dad ga
sl S wesy)  GaelSdi il s aal
09 gkl oo sad glAdll OiS (JanS e
ool cius 2l 3k .l sad suls GLas ¥ Jgas
G bgre OarelSad il (g0 (YL Y e )
(FY/Y) lsls 508 congs 3 sad glLAT) sd s
© brre G b solosine B &€ S s
6l 5L slos 5 ssliid (P<+/-0) cubls SaYS
S apdipe HorslSady il da o RAS o £l a5
o L) e YU labes Lo S olo)sia) Juls @
S0k gloaial Jslae PH 4a 58 (Y40 (Ka
Gromk GeelSibi il s Jels 055y aalb
S osk L (Yo O 5 (gly) oty aalsa
oo 31 LT o € laghaiad 31 Juola slagsis
ol st suliiead Gul PH 5 ¥k oloy 5 YU
oo ol aols Pl OaawlSad il 4
snd soliial £lAtal gl € ool i Lyl
@lOootel 5 uuAS e ca balpd Gl
Slaoo b GSy (V08 GllKaa 5 gls) ssd (o0 085S
Sheanab oo Ssliie glas p,lS Glola olais g yiul
Jids @ Jgmmne ol 3 suel cis & 085S 55 ol
L oY oo wd s sl OF el 00 Gus Omb
culio Sl (LIS 4 labise 5 a5 Jie oS S
(Y A) Solan 5 slal (Y1 s a5 glg) el
S WS GLIS S0 o O 0SS gl L
58 gloaial by Gyl pH 5 Loy 5806 55 s gdle
rola (1855 s pe GRAIS 1 (155 JauS sie Ol 5se

o0 ose 1y A Huds S ) aliae glass
09 aal S g, SV loae ciinls Gl 5 ooy H158
5 Oslile sl g5 oy o Akl slagSy
5 deal g8 Ol gl sl 7 £+ /Y-VVIA diols
Jole Gasiage 1 (WA (ol 5 oLl (5 sSe) PH
Ole s 8asS Pore sl S, sSYE wans
OS5 oAt sl suldinl o) g0 il 4y 8 il
aalsa Sidus el S SSYE wn e wlls S
58 3l s gkl B (YT olKan 5 L) us
Aol 1 olwgols mlis o soldiil cubls olgls
Wl golag,ls cava o saldinl oy g0 S 1)
LY 5 JeaSsie 5 ST PV 5 538 Sal g aaa 5l o
a5T s eal) pralyl) wal il sl S, 5K
OSen 5 Lo (hagsy b pala Ghagly (Y07 ois
(YT oLlSan 5 L) wols collas

OgaeulSads yicul da o (g 5

5 Saen gy Sl s gloAdl ISy ) saenlSd sl a0
sals GLES Y Jgan 5o catie slajles ouS SIS

CZ.\-A-M‘ sl

N oudd gl Akl (1355 ( gaaulSads il da o - ¥ J gaa
3l 51 9uS SAMS 9 St g3 Ao sla jlass

Table 3- Amount of estrification of extracted pectin
from selected treatments of skin and cap of

pumpkin
Skin Cap
Amount of 44.3+0.752 41.46+0.28°

estrification

Values are reported as mean + standard deviation, same
letters are no significant difference Cap (p<0/05)
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Table 4- Stability of pectin emulsion (0.5%) of skin and cap of pumpkin in different times

Pectin Emulsifying activity on the first day Emulsifying activity on the tenth
Source Ceof storage at 4 and 23 Ceday of storage at 4 and 23
Emulsifier activity (%) 4°C 23°C 4°C 23°C
Skin 38.2+0.76 ° 90.2+£2.1 44 77.3+1.2582 85.2+1.87°¢ 49.241.01¢
Cap 35.2+0.12 a 82.4+1.770 72.2 +1.44BP 78.4+1.73¢ 42.32+1.24Cb

Values are reported as mean + standard deviation, same letters are no significant difference Cap (lowercase letters in the

column and uppercase letters in the row) (p<0/05).
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Table 5 -Rheological models of pectin solutions of skin and cap of pumpkin in different concentrations

pectin solutions of skin of pumpkin pectin solutions of cap of pumpkin

Concentration of Pectin Flow Correlation Apparent Flow Correlation Apparent

Solution Model index coefficient  viscosity Model index  coefficient  viscosity
(WIV %) (n) (R? K (Pa.s) (n) (R?) K (Pa.s)
0.1 Newtonian 1 0.99 0.0145 Newtonian 1 0.93 0.0172
0.5 Newtonian 1 0.95 0.0149 Newtonian 1 0.94 0.0176
1 Newtonian 1 0.92 0.0151 Newtonian 1 0.95 0.0182
1

2 Newtonian 1 0.99 0.0158 Newtonian 0.99 0.0188
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Figure 1- Flow behavior of different concentrations of pectin solution of skin and cap of pumpkin extracted by
microwave: A: 0.1%, B: 0.5%, C:1%, D:2%
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Figure 2- FTIR spectrum of pectin extracted from pumpkin cap ranging from 400 to 4000 cm*
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Introduction: Pectin is a complex sugar soluble and it use widely as a gelling and stabilizing agent,
texturizer and emulsifier in the food industry with increasing production and processing of fruits
and vegetables, is created many byproducts. Pumpkin skin and cap, often discarded as waste, are a
valuable source of pectin. Therefore, its use for pectin production, in addition to producing a
valuable product, can be beneficial from the aspect of economically and environmentally and it also
reduces problems related to exclusion of waste. The use of acidified hot water with mineral acids is
a traditional and widely used method of pectin extraction. The use of mineral acids not only causes
corrosion of equipment and apparatus; it also follows environmental damage. Also this method be
time- consuming and it reduces the quality of produced pectin. Therefore, it is necessary to replace
this method with a better and newer method that minimizes the problems arising from it. The use of
microwave waves has been one of the new methods of extraction that recently, it has received the
much attention of researchers. This method has many advantages compared to traditional methods
such as shorter process time, lower consumed solvent, higher production efficiency, producing
higher quality product and spend of lower cost. The use of microwaves is one of the new methods
of effective extraction of certain compounds. This method has many advantages over traditional
methods, including a shorter process time, less solvent consumption, higher production efficiency,
higher quality product production and lower cost. Purpose: In this study, pectin was extracted from
the skin and cap of pumpkin by microwave waves and then its yield and physicochemical properties
were compared.

Material and methods: In this study, the cap and skin of pumpkin were cut and crushed and was
exposed to sunlight for 4 days to dry against air flow. Then was grinded the dried cap and
uniformity powder was made from it. The obtained powder in packed containers, keep away from
moisture. Extraction of pectin from pumpkin skin and cap using microwave done at 80 and 90 °C,
with power of 20 watt and times of 10, 15, 20 and 30 min, pH 1.5 and 2 and ratio of sample to
solvent 20 and 30 % w/v. Determination of galacturonic acid content of extracted pectin by
colorimetric method, degree of esterification by titration, emulsion properties, rheological
properties using rotational viscometer and FTIR spectroscopy to determine the presence of
functional groups (such as OH, C- O- H, C- O- C gropes) to confirm the quality of extracted pectin
was performed on selected treatments with higher yield. The results were analyzed based on a
completely random design by ANOVA and in binary comparisons of t tests. Data analysis was
performed at 5% confidence level using software of SPSS 16.

Results and discussion: The treatment obtained at constant power of 20 W, 90 °C for 30 minutes,
30 % w/v, was determined as theselected treatment, its extraction efficiency was 24.21 % in
pumpkin skin and 3.24 % in cap. The extraction efficiency of pectin has been increased by
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increasing the temperature from 80 °C to 90. The extraction efficiency increased by increasing the
extraction time, so that the highest extraction efficiency occurred in 30 minutes. The extraction
efficiency for pH= 1.5 is more than a condition that was used of pH= 2. The extraction efficiency
increased by increasing the ratio of solid to liquid from 20% to 30%. The percentage of galacturonic
acid in pumpkin skin and cap was 38.04% and 46.6%, respectively. The cap pectin has a higher
purity than the pumpkin skin pectin. According to the degree of obtained esterification for the
samples, pumpkin pectin is a low ester group. The highest degree of esterification was in the
extracted sample from pumpkin skin (44.3). Using higher temperature for extraction reduces the
degree of esterification, this is due to the pectin de- esterification at high temperatures. What ever
the pH of the extraction solution be lower, the resulting pectin will have a lower degree of
esterification. Emulsion stability of pumpkin skin at 4 °C on first day and tenth day was 90.2% and
77.2%, respectively, indicating high emulsion stability, which indicates the high stability of the
emulsion. But emulsion stability at 23 °C on the first day of the tenth day is 85.5% and 49.2%
respectively, that indicates a decrease in emulsion stability at higher temperatures. The extracted
pectin solution from the pumpkin is not different at different concentrations, so that pectin had
newtonian behavior (flow index (n) equal 1) at four concentrations of 0.1, 0.5, 1 and 2% w/v and
the viscosity remains constant with increasing shear rate. The obtained solution from cap pectin has
a higher viscosity than obtained pectin from pumpkin skin. The reason for this viscosity difference
can know presence of structures with higher molecular weight in the cap pectin. Because
compounds with high molecular weight have more ability to absorb water and create viscosity. The
suggested model in this study was the newtonian model because for all samples, R? had a value
above 0.9. That's mean, this model had the ability to predict 90% from changes in rheological traits
related to the studied samples. FT- IR results showed that the peaks of extracted pectin from the cap
and skin were different together. That can be concluded that the produced pectin from the pumpkin
cap has different structure from the extracted pectin from the pumpkin skin. The cap pectin has
structurally more similar to the standard pectin.

Conclusion: Therefore, from this kind of agricultural waste can use as a promising source in pectin
production for provide the needs of the food industry.
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