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Resumen

<$%#IV.20/#%FB.%$3%.R2;388096%4.%F0I;3%061#$BI$.%3%D3;20;%4.%8K183;3%4.%63;36V3%(Citrus sinensis), 2.60.6*
4#%8#@#%F063$0434%$3%./3$B38096%4.%4#1%/3;03I$.1%8#@#%1#6%$3%8#68.62;38096%4.%W804#%X$#;H?4;08#%S%
$3%8#68.62;38096%4.%Y0D#8$#;02#%4.%Z#40#%.6%;.$38096%3$%;.640@0.62#'%Z.%2;3I3V9%8#6%2;.1%60/.$.1%D#;%
8343%/3;03I$.%L+'!%[%&'+%[%&'!Q%4.%(%S%L+'! %[% ' !%[%\'! Q%4.%8#68.62;38096A%;.1D.820/3@.62.'%>3;3%$3%
.RD.;0@.6238096%1.%.@D$.9%B6%401.]#%F382#;03$%  % %8#6% $3%B20$0T38096%4.%B6%DB62#%8.62;3$%S%8#6%B63%
;.D.208096'%^.%$#1%;.1B$234#1%1.%#I2B/#%GB.%.$%@3S#;%;.640@0.62#%1.%$#7;9%8#6%.$%2;323@0.62#%_%8#6%B6%
;.640@0.62#%4.$%&&'_%`%4.%F0I;3%061#$BI$.%3%&'!%(%S%3%\'! %`%/a/%%4.%YX$%S%(3X$O%;.1D.820/3@.62.A%S%.$%
@.6#;%;.640@0.62#%FB.%4.$% '\%`%3%60/.$.1%06F.;0#;.1'%

Palabras clave: (3;36V3A%8?2;08#1A%F0I;3%061#$BI$.A%F0I;3%1#$BI$.A%K804#%8$#;H?4;08#A%H0D#8$#;02#%4.%1#40#'%

Abstract

bH.%30@%c31%2H.%.R2;3820#6%#F%061#$BI$.%F0I.;%F;#@%#;367.%D..$%LCitrus sinensisQA%c02H%2H.%30@%#F%311.1*
1067% 2c#%/3;03I$.1%1B8H%31% 2H.%8#68.62;320#6%#F%HS4;#8H$#;08%3804%364% 2H.%8#68.62;320#6%#F%1#40B@%
HSD#8H$#;02.%06%;.$320#6%2#%2H.%S0.$4A%2H;..%$./.$1%c.;.%8#6104.;.4%F#;%.38H%/3;03I$.%L+'!%*%&'+%*%&'!Q%364%
(%L+'! %*% ' !%*%\'! Q%8#68.62;320#6A%;.1D.820/.$SA%F#;%2H.%.RD.;0@.62320#6%3%4.1076%c31%B1.4%N382#;03$%
  %c02H%2H.%B1.%#F%3%8.62;3$%D#062%364%3%;.D.2020#6A%#F%2H.%;.1B$21%2H.%H07H.12%S0.$4%c31%#I2306.4%c02H%
2;.32@.62%_%cH08H%S0.$4.4%3%;.2B;6%#F%&&'_`%#F%061#$BI$.%F0I.;%2#%&'!%(%364%\'! `%/%a%/%(3X$%364%YX$%
;.1D.820/.$SA%364%2H.%$#c.12%S0.$4%c31% '\`%32%$#c.;%$./.$1'
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108096%@K1%.GB0$0I;343A%@.6#;%8#62.604#%83209608#%
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;.640@0.62#%4.%.R2;388096%4.%F0I;3%061#$BI$.%3%D3;20;%
4.%$3%8K183;3%4.%63;36V3%(Citrus sinensis)A%.6%FB68096%
4.%$3%8#68.62;38096%4.%W804#%X$#;H?4;08#%LYX$Q%S% $3%
8#68.62;38096%4.$%H0D#8$#;02#%4.%1#40#%L(3X$OQ%.6%.$%
D;#8.1#%4.%$3%.R2;388096'%%

Materiales y Métodos

E$%2;3I3V#%4.%.R2;388096%4.%F0I;3%061#$BI$.%1.%;.3$0T9%
.6%.$%J3I#;32#;0#%4.%gB?@083%4.%$3%<=>%4.%567.*

60.;?3%4.%=$0@.62#1%4.% $3%:60/.;10434%>.;B363%:6096%
L:>.:Q'%

Materia prima

J31%8K183;31%4.%63;36V3% FB.;#6% ;.8#$.823431%.6% $3%
80B434%4.%J0@3A%D;.8013@.62.%4.%$#1%@08;#%D;#4B8*
2#;.1%4.%VB7#%S%TB@#1%4.%$3%F;B23'

Extracción de fibra

>3;3%$3%.R2;388096%4.%F0I;3%4.%63;36V3%1.%D;#8.4.%3%
$3%;.4B88096%4.%23@3]#%S%$3%3D$0838096%4.%K804#%8$#;*
H?4;08#%S%4.%H0D#8$#;02#%4.%1#40#'%<$%D;#8.1#%D3;3%$3%
#I2.68096%4.%F0I;3%061#$BI$.%3%D3;20;%4.%$31%8K183;31%
4.%63;36V3%1.%@B.12;3%.6%$3%F07B;3%&'

 

(0.5; 1.0 y 1.5) N 

Materia prima 

Selecci�n y acondicionamiento 

Lavado (H2O) 

Lavado (HCl) 

Blanqueado (NaClO) 

Secado 

Reducci�n 
de part�cula 

T = 100 ¼C 

(0.5; 2.2 y 3.5) Con. 

40 Ð 45 ¼C 
Figura 1 – Flujograma de 
obtención de fibra insolu-
ble de Cáscara de Naran-
ja (Citrus sinensis)
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Concentración del HCl

J3%B20$0T38096%4.%YX$%%20.6.%$3%F063$0434%4.%.$0@063;%$3%
D;.1.6803%4.%8#@DB.12#1%.R2;3]#1%4.%$3%F0I;3%061#*
$BI$.%8#@#%D;#2.?631A%/023@0631A%@06.;3$.1A%7;3131A%
.28'%J31%40F.;.62.1%8#68.62;380#6.1%GB.%1.%3D$083;#6%
D3;3%$3%.RD.;0@.6238096%FB.;#6%L+'!%[%&%[%&'!Q%(%%;.*
8#@.6434#%D#;%-3@#1%L ++!Q'

Concentración del NaClO

J3%B20$0T38096%4.$%(3X$O%FB.%D3;3%.$0@063;%$3%D;.1.6*
803%4.%8#$#;362.1%D;.1.62.1%.6%$3%8.$B$#13%2#@364#%
8#@#%8#68.62;380#6.1%3%./3$B3;%.6%D#;8.623V.1%4.%%
/a/%L+'! !%[% ' !%[%\'! Q'

Diseño experimental y análisis estadístico

NB.%B134#%B6%401.]#%F382#;03$%  *+%8#6%4#1%DB62#1%
8.62;3$.1'% J31% /3;03I$.1% 064.D.640.62.1% FB.;#6h%
8#68.62;38096%4.$%YX$%S%8#68.62;38096%4.$%(3X$O%
(/a/QA% 23$%8#@#%1.%#I1.;/3%.6% $3% 23I$3%&'%J31%#2;31%
/3;03I$.1% 8#@#% 2.@D.;32B;3% &++% iX% S% 20.@D#% &+%
@06%FB.;#6%8#612362.1%D3;3%2#4#1%$#1%.613S#1'%<6%
$3%23I$3% %1.%@B.12;3%$3%4012;0IB8096%4.%$#1%.613S#1%
4.$% .RD.;0@.62#'% J#1% 36K$0101% .1234?1208#1% FB.;#6%
;.3$0T34#1% 8#6% .$% 1#F2c3;.%Zb=b5Zb5X=% M'&% LZ232*
1#F2%568'%:Z=Q'

Tabla 1 – Diseño experimental

Niveles HCl  (N) NaClO  (%)

1 &A! \A! 

+ &A+  A !

*& +A! +A! 

J31%@B.12;31%4.$%Y0D#8$#;02#%4.%Z#40#%L(3X$OQ%1.%D;.D3;3;#6%3%D3;20;%4.%(3X$O%8#@.;803$%8#6%B63%8#68.6*
2;38096%4.%!' !%L@a/Q'

Tabla 2 – Codificación de los ensayos para la extracción de fibra insoluble

Ensayo HCl NaClO

1 *& *&

 1 *&

3 *& 1

4 1 1

5 + +

d *& *&

M 1 *&

P *& 1

, 1 1

&+ + +
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Resultados Y Discusión

Rendimiento de fibra insoluble 

J#1% ;.1B$234#1%4.$% ;.640@0.62#%4.% F0I;3% 061#$BI$.%

Figura 2 – Fibra insoluble de Cáscara 
de Naranja (Citrus sinensis)

1.%@B.12;36%.6%$3%23I$3%\%.RD;.134#1%.6%7;3@#1A%
1.7B04#%4.%$#1%2;323@0.62#1%;.1D.820/3@.62.'

Tabla 3 – Rendimiento de la fibra insoluble a partir de cáscaras de naranja

Ensayo HCl NaClO Rend. (g) %

1 +'! +'! &A_, dA&M\+

 1.5 +'! +A!d  A\ ++

3 +'! \'! &A P !A\+\+

4 1.5 \'!  AMd &&A_\_!

5 1  ' ! &A  !A+!__

d +'! +'! +A,& \AMM+&

M 1.5 +'! +AP_ \A_P+&

P +'! \'! &A&, _A,\+&

, 1.5 \'!  AP_ &&AMd!,

&+ 1  ' ! &A_\ !A, __

J31%F;B231%S%/.;4B;31%8#6%8K183;3A%23$.1%8#@#%$3%
63;36V3A%8#620.6.6%@K1%F0I;3%GB.%.$%VB7#%.R2;3?4#%
4.% U1231'% =10@01@#A% $3% F0I;3% .12K% 7.6.;3$@.62.%
8#68.62;343%@3S#;@.62.%.6%$3%8K183;3%S%83D31%
.R2.;0#;.1%4.%$#1%/.7.23$.1%LY.;6K64.T% ++MQ'
=67B.;3%L ++MQ%;.D#;23%GB.%$31%63;36V31A%D#;%$#%7.*

6.;3$A%20.6.6%B6%8#62.604#%4.%F0I;3%4.%\A,%7%@0.62;31%
GB.%.6%.12.%831#%.$%8#62.604#%4.%F0I;3%3$836T36%B6%
@KR0@#%4.% 'P_E% $3%/3;038096%DB.4.%1.;%32;0IB043%3%
$31%401206231%/3;0.434.1%S%3$%D;#8.1#%4.%.R2;388096'%
<6%$3%F07B;3% %1.%#I1.;/3%$3%F#2#%4.%$3%F0I;3%.R2;3?43%3%
D3;20;%4.%8K183;3%4.%63;36V3%(Citrus sinensis).
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Figura 3 – Superficie respuesta en 
función de la concentración de Na-
ClO y la N del HCl

Análisis estadístico 

<6% $3% 23I$3% _% 1.% #I1.;/3% $#1% ;.1B$234#1% 4.$%
36K$0101% 4.% /3;036T3% D3;3% .$% 401.]#% GB.% B20$0*

T3@#1%8#6%;.1D.82#%3$%YX$%S%$3%X#68.62;38096%
4.$%(3X$O. 

Tabla 4 – Resultado del ANVA

F de V SS gl MS F P

(1) HCl +A!dM& 1 +A!dM& & A P\ *

(2) NaClO  A M,& 1  A M,& _,A\d\ **

1 by 2  A&\ & 1  A&\ & _dA&M, **

Error +A MM d +A+_d 

 

Total SS !A !!_ ,  

<$%=("=%4.% $31%/3;03I$.1%B20$0T3431%@B.12;36%B63%
40F.;.6803% 10760F08320/3A% .$% .F.82#% 4.$% YX$% .1% 107*
60F08320/#% @0.62;31% GB.% .$% (3X$O% 20.6.% @3S#;% 40*
F.;.6803%10760F08320/3'% 564083%GB.%8343%B63%4.% $31%
/3;03I$.1% .12B403431% 20.6.6% 06F$B.6803% 40;.823% .6%
.$%;.640@0.62#A%31?%23@I0U6%$3%062.;388096%4.%.1231%
4#1%/3;03I$.1%@B.12;3%B63%40F.;.6803%10760F08320/3A%
8#@#%1.%#I1.;/3%.6%$#1%;.1B$234#1%@#12;34#1%.6%

$3%23I$3%\A%4#64.%$#1%@.V#;.1%;.640@0.62#1%D.;2.*
6.8.6%3%$#1%60/.$.1%@3S#;.1%4.%$31%/3;03I$.1%064.*
D.640.62.1'%

<6% $3% 1BD.;F080.% ;.1DB.123% 4.$% .RD.;0@.62#% LN07B;3%
\Q% 1.%#I1.;/3%GB.%3%B63%8#68.62;38096%4.%\'! %`%
4.%(3X$O%S%3%B63%8#68.62;38096%4.%&'!%(%4.%YX$%1.%
DB.4.%#I2.6.;%B6%@.V#;%;.640@0.62#'%
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^.%38B.;4#%8#6%$3%F07B;3%4.%1BD.;F080.%;.1DB.123A%1.%
DB.4.%#I1.;/3;%GB.%3%@.6#;%8#68.62;38096%4.$%(3*
X$O%%L+'! %[% ' !Q%S%3%B63%8#68.62;38096%4.%+'!%[%&'+%
(%4.%YX$%1.%#I1.;/3%;.640@0.62#1%4.F080.62.1'%

Conclusiones

 

E$%;.640@0.62#%.12K%40;.823@.62.%3F.8234#%D#;%$31%
4#1%/3;03I$.1A%4.@#12;364#%31?%GB.%3%B63%8#6*

8.62;38096%4.%&'!%(%4.%YX$%S%3%B63%8#68.62;38096%4.%
\'! %`%/a/%4.%(3X$OA%1.%#I1.;/3%;.640@0.62#1%H3123%
4.$%&&%`'%j%3%8#64080#6.1%06F.;0#;.1%8#6%;.1D.82#%3%
$#1%60/.$.1%1.%#I1.;/3%+'!d%`%4.%F0I;3'%
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