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8 10 85 135 30
9 10 30 240 30
10 10 85 30 5
1 10 57.5 30 30
12 3 85 240 5
13 3 85 240 5
14 10 30 30 5
15 3 85 30 30
16 10 30 30 5
17 10 57.5 240 5
18 10 30 240 30
19 6.5 71.25 135 175
20 6.5 57.5 240 17.5
21 3 85 30 30
22 65 30 135 175
23 6.5 85 240 30
24 3 30 30 30
25 10 85 240 175
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Table 1- Levels of independent variables used in
optimization of Roman nettle seed mucilage
extraction

Independent Symbols  Range and levels
variables
-1 0 +1
pH A 3 65 10
Temperature B 30 575 85
(°C)
Time (min) C 30 135 240
Seed to water D 1:5 1:175 1:30
ratio
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Table 2- Experimental settings of the independent
factors used for Roman nettle seed mucilage
extraction

Exp. H Temperature  Time Water to

No. P (°C) (min)  seed ratio
1 10 57.5 135 17.5
2 6.5 57.5 30 17.5
3 3 57.5 30 5
4 3 57.5 135 17.5
5 10 85 30 5
6 3 30 240 5
7 3 57.5 240 30
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Table 3- Proximate analysis of Roman nettle seeds

Components Amount (%)
Moisture 6.02+0.05
Ash 6.80+0.01
Crude oil 28.30+0.45
Crude protein 19.0£0.67
Crude fiber 30.5+0.06
Carbohydrate 9.38+0.30
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Table 4- Obtained results for extraction yield, protein content, emulsion stability and color indices of mucilage

Exp. No Yield (%)  Protein (%) Emulsion stability (%) b* a’ L*
1 8.63 10.10 5 18.45  19.79 40
2 11.03 12.87 35 2293 16.42  46.51
3 12.01 15.79 35 2242 1589  47.83
4 10.22 16.44 35 20.46 1546  49.48
5 7.50 15.39 30 19.44  17.82 4567
6 11.81 1531 50 2271 1565  48.76
7 9.19 17.14 35 2280 1565  48.77
8 16.78 18.24 5 22.86 18.06  45.05
9 9.80 16.10 35 19.19  16.98 47.66
10 7.76 15.37 30 20.17 16.70  45.64
11 11.61 2.80 0 20.38 16.46  45.28
12 9.03 1531 35 20.98 1543  49.61
13 8.78 1531 30 19.92 1544  50.07
14 9.63 14.94 30 21.32 1597  46.30
15 7.05 15.50 40 2011 1544  49.69
16 9.20 14.53 35 19.65 16.58  46.92
17 12.11 14.88 35 20.66  16.28  46.29
18 9.58 15.75 35 20.97 1560  48.59
19 11.37 14.86 35 20.93 1545  48.73
20 12.06 14 35 19.68 1561  47.71
21 7.02 15 40 19.68 15.68  49.81
22 5.85 15 30 2210 1554 4741
23 9.47 15.14 35 19.37 1584  48.30
24 7.78 15.75 40 21.34 1568  49.01
25 9.03 16.80 2.5 19 17.32  45.18
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Figure 1- 3D plot for the interaction effects of pH and water/ seed ratio (a) and effect of temperature on mucilage
extraction yield
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Figure 2- 3D plot for the effects of (a) pH and time (b) interaction of time and water/ seed ratio and (c)
temperature on protein content of mucilage

BE LA&:\:\:J‘);‘ C::\.DL‘) ;J-‘J-@—H-l J:J..\ “© Saal OSA.A
@it\l (sl:u.u“) B ‘).a.b‘.; @t\:\ J-lj-ll—.‘ @‘:\.‘3 pH LERE=
65536 (Y1) 5lSan 5 SL3LIS L 5 sk 1K

Slsine 5 oled 5 PH e Ll 31 Y Ui s
280 ) as cicdl su suls LES 30 g0 (S g 5
sline ol o LB UK o 5 T A
@olaline 5k 4 Somly LaPH 5o 5 so (A5 55
il 8 ool il e obls sLapH ) i (p<-/-0)



Ve Jlo /Y ojleuds YV sl / olie mlio (sloingly 4 i

...SJJ”»I ‘).tb) (8 yon> V¥

S el 3 b ge (BaS (a3 B s b T )
cuelh dils 4 fee boslies LapiSgn s eda
ol 9 oo HIB WIS e Gy seliied 5ol
Lsre b 5o 5 adl Gl jan b 5 () saeal 5ol
S ad peddie Bawse 5o OfBsn Gl ©
ohalS &els oLl glapH o 3dawge gladl
OBlS (al by fa g oo SManu o 5o (S 55 (5] S
YL glapH o lag s gol (goluly o g sgdie
Ol 5w sa 53 SRS A 5y (s sime il 4 Ylatal
bl 5o oSl T el o sgdin 4] ol Lads g
sl L slapH 5 s Gl @ ol cas 51
oo & wBl sad soliiul Pcge At
Shsse b sad g snadsel solaly Ll 51 s
080 S ssdi e saalie YIS 0w asalsa
ol 5 S gloaial dase Hu les Gl
il g e HSB &) o 4 T b 0 S & el ol
38 5 S S0 Ol 4 Gl see 1) s ol &S
Ol asls 358 age (JoShge HBALL 5o il
bl 5 ans8 Olee Gl ol cd (SHla 5
BalS aliws cpl 5 0a S lay A Sliwse A0d3
5 S sS) el wala Jlat 1) Sl sel ol
gloaial by a5 ¥k (V-0 ab (K
2856 0T 3 sk ags ¢y gl gl (Ml 5 58 3an 5o
Ot aal s s 4 il g5 e Vlaial oS el 4itly e
Sasse b olran Sl glaallll cooa (S
(Y VU GLKan 5 Aacaa VAAY LulHIS 5 L, 8) wals
GBI (Y++8) Olan 5 5melS gl sal aalllas o
s cose 4ol e 5 ole) plhatal glos S w
Ol sol 5olly alS 5u (P<+/+0) sulu e 53l

e €80 Ly $ca o ) s g

sl Sadgsma 15 ol dads S oMl (g5
B8 Gl sie S se 50 (i g5 slad S 5o

ool 5 YL lapH o S s gloadusl (IS b 4
8503 ¢ sime b 5 go loaial 4 52k 8BS
SOl ol s LlEe 51 ey ol aalgd JSlaa
obas (Y JS&) Sbewge Slss slsiae » obed
il Shie gloaiad ol Ghul3il b oS s
Fdob bl 5 asly (il 38) 5N ge 5o (855
Culed 59 5 SIS @l s Gl W, gloated Ble) Gadk
Sels 53 Gl 4 OF s (Bl 0 s e el Lo
OV Jado S sud Pnge 59 figs Oliee Guals
5 el bame L9 sy Sld cala ISl Yiaial
S5 6 Low il 8 b ol 3V e 51 0 Sids oA
9 2alS S5, dhse 5o (B Olee (pre aa
s Ao B plhaial les o idus (RI58 L Gy
wbiee Ol lane 05 55 (5] siae ol Sl
Solul p T GliSeays g Lagudie 51 ooy
gl 9o

ches 53 pus a0 Jae (G ol ol b LLS ) 5o
A Sisad oy b (P</00) s e 0 Jlaial
b ) s asse slasaiie Gu Ol ad Hlo dne
Sola Ol sol soMuly 2 Gl 4 OT s 5 Lo pH
4P/ 0) witeua HISHI0E Hlabae sk 45 5Mhies 5o
Joliie 51 50 5 0l 4 OF e 5 pH Lilsie 31 s 5Mle
86 5 PH ass dasu 586 Gley 5 gloaial sles
feoly ol @m0 Gl & O Gad a8 a0
pod 4ans dalas (0 Jgaa) (P</-0) Wog Ll Sae
ol Ballas & sl 5ol (55l s (51 ool insty

dbies 25
Emulsion stability= 32.14-9.06 A—5.12C-5.57 D-
5.20 AD- 5.68 BC -14.22 A? +10.42 D?

ol PH sl b € aase ol ¥ S
o 5 058 (oS Il Sl g S5 Su L G gl 5!



V-0 29) 855 &b Dlowge (93)Slas 5 plord (S5 (olss 9 gl el plosl) iluain
Galgading Juo (gaea S ol b g puilyylg 38 @l -0 Jgaa
Table 5- Analysis of variance (ANOVA) and regression coefficients of the predicted model
Source Extraction yield Protein content Emulsion stability L* a*
Coefficient P- Coefficient P- Coefficient pP- Coefficient P-value Coefficient P-
value value value value
Model - 0.015 - 0.043 - 0.0016 - 0.0017 - 0.011
Constant 10.75 - 13.81 - 32.14 - 47.54 - 16.18 -
A 0.69 0.173 -1.68 0.007 -9.06 0.0001 -1.77 <0.0001 0.77 0.0007
B 0.26 0.597 1.40 0.020 2.60 0.115 0.32 0.388 -0.11 0.582
C 0.10 0.833 0.31 0.557 -5.12 0.007 -0.23 0.583 0.28 0.202
D -0.30 0.569 -1.06 0.087 -5.57 0.007 0.17 0.667 0.027 0.894
AB 0.38 0.492 151 0.025 2.46 0.181 - - - -
AC 0.91 0.113 0.57 0.333 -2.19 0.222 - - - -
AD 142 0.022 -1.01 0.103 -5.20 0.011 - - - -
BC 0.31 0.564 -0.016 0.978 -5.68 0.006 - - - -
BD -0.075 0.888 1.83 0.008 1.49 0.392 - - - -
CD 1.16 0.056 0.16 0.789 -1.01 0.568 - - - -
A? -0.59 0.639 0.60 0.659 -14.22 0.004 - - - -
B2 -0.78 0.542 -2.10 0.145 0.83 0.837 - - - -
c? -2.46 0.019 2.66 0.018 3.17 0.289 - - - -
D? 2.50 0.109 0.69 0.663 10.42 0.045 - - - -
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Introduction: Urtica is a genus of flowering plants in the family Urticaceae. They have a long history
of use as medicinal plants (Dickinson et al., 2003). The main varieties of the Urtica genus are Urtica
dioica L., Urtica urens L., Urtica pilulifera L., Urtica cannabina L., Urtica membranacea Poiret,
and Urtica kiovensis Rogoff (Bodros and Baley 2008). Roman nettle (Urtica pilulifera) is widely used
in folk remedy to treat hypertension, hyperglycemia and inflammation of some organs while the seeds
of this plant can be considered as a potential source for mucilage extraction. Given that in recent
years, many studies have focused on finding new hydrocolloids and investigation of their
physicochemical and functional properties, the aim of the present study was to optimize the mucilage
extraction conditions from Roman nettle seeds in order to achieve maximum extraction yield and
optimal physicochemical and functional properties of this hydrocolloid.

Materials and methods: The U. pilulifera seeds were purchased from a local market in Chaharmahal
and Bakhtiari Province, Shahrekord, Iran. The seeds were identified at Medical Plants Research
Center. Then the seeds were manually cleaned to remove all foreign matter and stored in a plastic bag
at refrigerator before to analysis. At first, proximate analysis of seeds including moisture content,
crude oil, crude protein, crude fiber and ash content were determined using the AOAC official
methods. Total of carbohydrate was determined by difference. Then, using the response surface
method (RSM), the optimal conditions for extracting Roman nettle mucilage were determined. D-
Optimal design analysis of the effects of four independent variables, including water to seed ratio
(1:5-1:30), temperature (30-85 °C), soaking time (30-240 min) and pH (3-10) was studied on
mucilage extraction yield, protein content, emulsion stability and color indices of extracted mucilage.
For emulsion stability determination at first, 0.5% solution of mucilage was prepared at 70 ° C. The
solution was then cooled and kept at 4 ° C for 24 hours to completely hydration. Oil-in-water emulsion
(20% by weight) was prepared and then the emulsion was placed in a hot water bath at 80 ° C for 30
minutes, centrifuged at 1200 g for 10 minutes and finally stability of emulsion was calculated. Color
indices including lightness (L*), redness (a*) and yellowness (b*) were measured by Hunterlab model
Color flex (US).
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Results and discussion: According to the obtained results, increase in temperature to a certain extent,
water to seed ratio and pH had a significant effect (p<0.05) on mucilage extraction yield. Increasing
the water-to-seed ratio allows more polysaccharide compounds to be hydrated due to the availability
of sufficient water, which increases the thrust force to remove mucilage from the seed. Mucilage
extraction yield increased at higher pH which can be due to the release of protein materials and easier
release of mucilage. Ttemperature showed a quadratic effect on mucilage extraction yield, so that
with increasing temperature to a certain extent, first the amount of mucilage extraction increased,
which can be due to the decrease in the viscosity of mucilage attached to the seed and also higher
mass transfer rates of soluble polysaccharides at higher temperature. However, a further increase in
the extraction temperature showed the negative effect and reduced the extraction yield. This may be
due to breaking and hydrolysis of the mucilage structure due to thermal stress in the aqueous medium.
The most important and significant factors (p <0.05) on protein content were linear effect of pH,
linear effect of time, effect of pH-time interaction, effect of water to seed ratio- time interaction and,
quadratic effect of extraction temperature. At lower pH, the protein content of mucilage was
significantly (p <0.05) higher than alkaline pH. In general, extraction of mucilage at higher pH and
shorter time will lead to extraction of mucilage with minimal protein content may be due to the
solubility of proteins in the alkaline pH range. Increasing the water-to-seed ratio also reduced the
amount of protein in mucilage, which is probably due to the possibility of more solubility of the
protein in the agueous medium. Among the studied variables, the linear effect of pH, temperature and
water-to-seed ratio showed a significant effect on the stability of emulsion containing mucilage (p
<0.05). In addition, the interaction of pH and water to seed ratio as well as the interaction of extraction
temperature and time, the quadratic effect of pH and the quadratic effect of water to grain ratio were
also significant on the changes of this response. Since the presence of proteins with hydrocolloid can
show a positive effect on the stability of the emulsion, therefore, the obvious decrease in the stability
of emulsions prepared with mucilage extracted at higher pH is probably due to the lower protein
content in these samples. What is clear is that when higher water-to-seed ratio and higher pH are used
to extract mucilage, it will lead to the weakest emulsion stability. Increasing the water to grain ratio
in the extraction stage can lead to the removal of more impurities from the grain and their entry into
the mucilage, and thus have a negative effect on the stability of the emulsion. In the study of changes
in L* and a* indices, it was found that pH was the only effective variable and with increasing pH, a
significant decrease and increase (p<0.05) in lightness and redness indices were observed,
respectively. Based on the numerical optimization method, optimized conditions for extraction of
Roman nettle seeds mucilage were determined in terms of pH of 4.23, soaking time of 239.9 min,
soaking temperature of 45.79 °C, and water to seed ratio of 1:5. Under the optimum conditions,
extraction yield, protein content, the highest emulsion stability and L* and a* indices were 11.08%,
14.55%, 50%, 47.59 and 15.05, respectively, which was in good agreement with the predicted values.
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