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INTRODUCTION 

QR$! $834%2*94&,/8! /N! P,/43&,>$! 2*P2&483$2! R42! P$3/7$! 48! ,7%/+&48&! &//9! N/+! &R$,+! %+/&$3&,/8! 48(!

($9,>$+S! ,8&/! R*748! 2%$3,N,3! 2,&$2I! &/! %+/7/&$! R$49&R! 48(T/+! %+$>$8&! 48(! &+$4&! (,2$42$2'! QR,2!

&$3R8/9/US! R42! P$$8! V,($9S! $6%9/+$(! ,8! %R4+743$*&,349! N,$9(2I! P*&! +$3$8&9S! N//(2! 42! 34++,$+2! /N!

7,3+/!48(!848/2&+*3&*+$(!P,/74&$+,492!R42!(+,>$8!&R$!4&&$8&,/8!/N!&R$!N//(!23,$83$!48(!&$3R8/9/US!

WX/*,8I!DHHFY'!Z%+4S!(+S,8U!,2!&R$!7/2&!*2$(!&$3R8,[*$!,8!7,3+/$834%2*94&,/8!%+/3$22$2!(*$!&/!,&2!

+$94&,>$9S! 9/V! 3/2&I! %+43&,349! R48(9,8U! 48(! %4+&,39$! N/+74&,/8! [*49,&S! WXR4+24994/*,!et al.I! DHH\Y'!!

]4&$9S! ,&! ,2! ,7%/+&48&! &/! N,8(! 8$V! 49&$+84&,>$! 74&$+,492! V,&R! U//(! 2%+4S! (+S,8U! &$3R8/9/U,349!

%+/%$+&,$2! 48(! $NN,3,$83S! ,8! &R$! P,/4>4,94P,9,&S! /N! 43&,>$! 3/7%/*8(2! 48(! 3/7%4&,P,9,&S!V,&R! N//(!

3/7%/8$8&2!48(!R*748!P/(S!WZ48U*482+,!^!_*U*2&,8I!DHH`Y'!

C+/&$,82! R4>$! P$$8! 2R/V8! &/! P$! 4&&+43&,>$! ($9,>$+S!74&$+,492! (*$! &/! ,&2! N*83&,/849! %+/%$+&,$2! 48(!

8*&+,&,/849! >49*$! WBR$8! et alI! DHH`Y'! C+/&$,82! N+/7! &R$! 9$U*7$2! 2$$(2! %$4! WPisun sativumY! 48(!

3/V%$4!WVigna unguiculataY!R4>$!P$$8!&$2&$(!,8!&R$!$834%2*94&,/8!/N!&/3/%R$+/9!48(!423/+P,3!43,(!

W__Y! ,8! %+$>,/*2! 2&*(,$2I! VR,3R! 2R/V$(! &R4&! &R$2$! P,/74&$+,492! 4+$! %/&$8&,492! 74&+,3$2! N/+!

7,3+/$834%2*94&,/8!PS!2%+4S!(+S,8U!,8!&R$!N//(!,8(*2&+S!WC,$+*33,!et alI!DHH`I!DHH\!48(!C$+$,+4I!et 

alI! DHHEY'! QR$! V$99! %+/3$$($(! %4+&,39$! N/+74&,/8! 48(! __! +$&$8&,/8! V42! 4&&+,P*&$(! &/! &R$! 2$$(!

2&/+4U$! %+/&$,8I! >,3,9,8I! %+$2$8&! ,8! %$4! 48(! 3/V%$4! %+/&$,8! ,2/94&$2! WC$+$,+4! et alI! DHHEY'! QR$!

%+/(*3&,/8!/N!%+/&$,8!,2/94&$2!V,&R!R,UR!47/*8&2!/N!>,3,9,8!,2!&$3R8/9/U,3499S!>,4P9$!W@48U$9!et alI!

DHHaY!48(!R42!P$$8!4(4%&$(!N/+!%,9/&!2349$!2&*(,$2!W*8%*P9,2R$(!(4&4Y'!!

__!,2!48!$22$8&,49!RS(+/2/9*P9$!>,&47,8!,7%/+&48&!&/!748S!%RS2,/9/U,349!$>$8&2I!$2%$3,499S!,8!&R$!

48&,/6,(48&!($N$82$!2S2&$7!4U4,82&!/6,(4&,>$!2&+$22!Wb47,9&/8!et alI!DHHHY'!0*&!__!,2!>$+S!,82&4P9$!

4U4,82&!R$4&!48(!/6,(4&,/8!48(!R,UR!($U+4(4&,/82! +4&$!74S! &4c$!%943$! ,8! N//(!%+/3$22,8UI!74c,8U!

+$9$>48&!&R$!$834%2*94&,/8!N/+!2*3R!4%%9,34&,/82!WC,$+*33,!et alI!DHHFY'!QR$!3/83$8&+4&,/8!/N!423/+P,3!

43,(! ,8! &R$! 2%+4S! (+S,8U! N$$(! 2/9*&,/82! 74S! R4>$! 2&+/8U! ,8N9*$83$! />$+! %+/&$,8! 2&+*3&*+$! 48(!

2/9*P,9,&Sd!VR,3R! ,8&$+N$+$2! ,8! &R$!%+/3$22!S,$9(2! 48(!%4+&,39$! N/+74&,/8'!e/+$/>$+I! %+/&$,82! N+/7!

(,NN$+$8&!2/*+3$2!74S!%$+N/+7!(,NN$+$8&!P$R4>,/+!/8!2*3R!3/8(,&,/82'!!?*+&R$+!2&*(,$2!4%%+/43R,8U!

&R$!,($49!%+/%/+&,/8!/N!%+/&$,8T423/+P,3!43,(!,8!&R$!%+/(*3&,/8!/N!7,3+/%4+&,39$2!PS!2%+4S!(+S,8U!,2!

8$$($(! ,8! /+($+! &/! 2*%%/+&! N*&*+$! 4%%9,34&,/82! ,8&/! N//(! 2S2&$72'! QR$! 4,7! /N! &R,2! 2&*(S! V42! &/!

$>49*4&$!&R$!,8N9*$83$!/N!%+/&$,8f!__!+4&,/!48(!&R$!&S%$!/N!%+/&$,8!2/*+3$!W%$4!/+!3/V%$4YI!/>$+!&R$!

(+S,8U! %+/3$22! S,$9(! 48(!7,3+/%4+&,39$2!7/,2&*+$! 3/8&$8&I! 2,J$! (,2&+,P*&,/8I!7/+%R/9/US! 48(!__!

+$&$8&,/8'!

 

MATERIAL AND METHODS 

 

Materials'! C$4! WPisun sativumY! 48(! 3/V%$4! WVigna unguiculataY! %+/&$,8! ,2/94&$2I! CC;! 48(! BC;I!

+$2%$3&,>$9S!V$+$!%+/(*3$(! ,8! 94P/+4&/+S!2349$! N+/7!0+4J,9,48!2$$(2!/P&4,8$(! ,8! &R$! 9/349!74+c$&I!

433/+(,8U! &/! &R$!7$&R/(!/N!@48U$9!et al'! WDHHaY!V,&R! 2/7$!7/(,N,34&,/82'!__!V42!4!(/84&$(!PS!

0_Z?<!b*748!)*&+,&,/8!W0+4J,9Y'!
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Formulations of feed solutions'!?$$(!2/9*&,/82!V$+$!%+$%4+$(!V,&R!"ag!/N!&/&49!2/9,(2!WQZYI!P42$(!

/8!&R$!%+/&$,8!3/8&$8&!/N!&R$!,2/94&$2I!($&$+7,8$(!PS!&R$!]/V+S!et al!W"EG"Y!7$&R/('!QR$!3/4&f!3/+$!

+4&,/! V$+$! Df"I! "d"! 48(! "fD! N/+! $43R! &S%$! /N! %+/&$,8! ,2/94&$! WCC;! /+! BC;Y! 48(! __I! +$2%$3&,>$9SI!

&/&49,J,8U! 2,6! N$$(! 2/9*&,/82! ,8! &+,%9,34&$'! ?,+2&9SI!__!V42! (,22/9>$(! ,8! (,2&,99$(!V4&$+! 48(!7,6$(!

V,&R!%$4!/+!3/V%$4!%+/&$,8!,2/94&$!2/9*&,/82!V,&R!48!=9&+4&*++46!QDG!;h_<]4P/&$3R8,c!4&!iHHH+%7I!

*8&,9!R/7/U$8,J4&,/8'!!

!

Microparticles production'!?$$(!2/9*&,/82!V$+$!,77$(,4&$9S!(+,$(!,8!4!e,8,!Z%+4S!#+S$+!0j3R,!0<

DEH!W0j3R,!]4P/+4&/+,*72!Q$3R8,c!_XY!*8($+!&R$!N/99/V,8U!3/8(,&,/82f!,89$&!&$7%$+4&*+$!"iH!kBI!

7$42*+$(!/*&9$&!&$7%$+4&*+$!"HH!kB!<!EH!kB!48(!2/9*&,/8!N$$(!+4&$!`!7]!7,8
<"
'!QR$!(+,$(!%+/(*3&2!

V$+$!3/99$3&$(!48(!c$%&!,8!($2,334&/+2!*8&,9!94&$+!4849S2,2'!QR$!%+/3$22!S,$9(!V42!3493*94&$(!,8!(+S!

P42,2I!3/82,($+,8U!QZ!/N!N$$(!2/9*&,/82!48(!&R$!%/V($+!7422!3/99$3&$('!

!

Microparticles characterization.! QR$!7,3+/%4+&,39$2!V$+$! 4849SJ$(! 42! 3/83$+82!7/,2&*+$! 3/8&$8&I!

__! +$&$8&,/8! WbC]BYI! %4+&,39$! 2,J$! (,2&+,P*&,/8! W942$+! (,NN+43&,/8Y! 48(! 7/+%R/9/US! W23488,8U!

$9$3&+/8!7,3+/23/%S!<!Z5eYI!433/+(,8U!&/!C,$+*33,!et al.I!DHH`'!

!

Statistical analysis'!_849S2,2!/N!>4+,483$!W_)lm_!<!/8$!V4SY!V42!*2$(!&/!>$+,NS!(,NN$+$83$2!,8!&R$!

7,3+/%4+&,39$2!7/,2&*+$!3/8&$8&!48(!__!+$&$8&,/8! +$2*9&2! &R$!post hoc! &$2&! 9$42&! 2[*4+$!(,NN$+$83$!

W]Z#Y!V42!*2$(!&/!,($8&,NS!&R$!%/22,P9$!(,NN$+$83$2'!QR$!2&*(S!4(7,&&$(!H'HG!42!2,U8,N,3483$!9$>$9'!

!

RESULTS AND DISCUSSION  

!

;&!V42!%+/(*3$(!8$4+9S!aHH!U!/N!$43R!%+/&$,8! ,2/94&$2!V,&R!N,849!%+/&$,8!3/8&$8&!/N!4%%+/6,74&$9S!

H'aGU'79
<"
'!Z%+4S!(+S,8U!%+/3$22$2!R4(!4>$+4U$!S,$9(2!+48U,8U!N+/7!aG'\!n!F'i!g!WC"<D__Y!&/!Gi'`!

n! D'H! g! WBD<"__Y! W?,U'! "_Yd! VR,3R! 348! P$! 3/82,($+$(! 24&,2N43&/+S! *2,8U! &R$! 2%+4S! (+S,8U!

&$3R8/9/US'! QR$! 7,3+/%4+&,39$2! %+/(*3$(! V,&R! BC;! 42! 3/4&! 74&$+,49! 2R/V$(! P$&&$+! (+S! %+/(*3&!

+$3/>$+S! &R48!CC;'!l8! &R$!/&R$+!R48(I!8/! 2&4&,2&,349! (,NN$+$83$!V42!($&$3&$(! 3/83$+8,8U! &R$! 3/4&f!

3/+$! +4&,/'! QR$! 2%+4S! (+S,8U! %+/3$22! S,$9(2! 4+$! ,8N9*$83$(! PS! 748S! N43&/+2! +$94&$(! &/! &R$!

,82&+*7$8&49! %4+47$&$+2! 48(! &/! &R$! N$$(! 2/9*&,/82! %4+47$&$+2! W@oI! "EEiY'! QR$! (+S,8U! +4&$! /N!

%4+&,39$2!,82,($!&R$!2%+4S!(+S$+!,2!39/2$9S!+$94&$(!&/!&R$!%+/3$22!S,$9(2'!QR$!7/,2&*+$!3/8&$8&!/N!&R$!

(+,$(! %+/(*3&! ,2! 48! ,7%/+&48&! %4+47$&$+! &/! $>49*4&$! &R$! $NN,3,$83S! /N! &R,2! %+/3$22! Wp49&/8! ^!

e*7N/+(I! "EEEY'! QR$! 7/,2&*+$! 3/8&$8&! /N! 7,3+/%4+&,39$2! 4+$! %+$2$8&$(! /8! ?,U*+$! "0I! VR,3R!

($7/82&+4&$2!&R4&!&R$!,83+$42$!,8!__!3/8&$8&!/8!N$$(!2/9*&,/82!9$(!&/!R,UR$+!7/,2&*+$!+$&$8&,/8!,8!

7,3+/%4+&,39$2'!C+/P4P9S!&R,2!/33*++$(!P$34*2$I! ,8!43,(,3!7$(,4!%+/&$,8!7/9$3*9$!74S!P$!%4+&,499S!

*8N/9($(!$6%/2,8U!RS(+/%R,9,3!47,8/43,(2!+$2,(*$2!N4>/+,8U!,8&$+43&,/82!V,&R!&R$!V4&$+!7/9$3*9$I!

42!($7/82&+4&$(!PS!C$(+/24!et al!W"EE\Y'!

!

QR$!__! +$&$8&,/8! ,8!7,3+/%4+&,39$2! ,2! ($7/82&+4&$(! /8! ?,U*+$! "Bd! ,&! >4+,$(! N+/7! FG'D! n! D'"!g!

WB"fD__Y!&/!ii'a!n!\'E!g!WC"f"__YI!VR,3R!348!P$!3/82,($+$(!24&,2N43&/+S'!QR$!N/+7*94&,/82!V,&R!

9/V$+! 47/*8&! /N! __! WCD<"__! 48(! BD<"__Y! 2R/V$(! 2,U8,N,348&! 9/V$+! 3/+$! +$&$8&,/8! 48(! 8/!

2&4&,2&,349! 2,U8,N,3483$!V$+$! /P2$+>$(! P$&V$$8! &R$! &V/! &S%$2! /N! %+/&$,8! ,2/94&$2! ,8! &R$! 3/4&f! 3/+$!

+4&,/2!Df"!48(!"f"'!b/V$>$+I!&R$!3/+$!+$&$8&,/8!V42!2,U8,N,348&9S!(,NN$+$8&!P$&V$$8!C"<D__!48(!B"<

D__'!0$2,($2I! 2,U8,N,348&! ($3+$42$! ,8!__! +$&$8&,/8!/33*++$(!V,&R! &R$! ,83+$42$!/N!__!%+/%/+&,/8!

W"fDY!VR$8!BC;!V42!*2$(!42!3/4&'!QR$2$!+$2*9&2!2*UU$2&!&R4&!&R$!3/8N/+74&,/849!3R48U$2!/8!%+/&$,8!

7/9$3*9$!PS!,8&$+43&,/82!V,&R!__I!74S!P$!(,NN$+$8&!P$&V$$8!&R$!&V/!&S%$2!/N!>,3,9,8I!N+/7!%$4!48(!

3/V%$4'!C+$>,/*2!2&*(,$2!R4>$!%/,8&$(! &R4&! &R$!%+/&$/9S2,2!%4&&$+8!/N!>,3,9,8! N+/7!%$4I!(,NN$+$8&9S!

N+/7!3/V%$4I!74S!%+/7/&$!R,UR$+!__!+$&$8&,/8!WC$+$,+4!et alI!DHHEYI!48(!R$+$!,&!,2!/P2$+>$(!&R4&!,&!

/33*+2!2%$3,499S!4&!R,UR!3/83$8&+4&,/82!/N!__!,8!&R$!N$$(!2/9*&,/82'!
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;8! &R$! 4849S2,2! /N! %4+&,39$! 7/+%R/9/US! ,&! V42! >$+,N,$(! &R4&! &R$! &S%$! /N! %+/&$,8! ,2/94&$2! (,(! 8/&!

,8&$+N$+$! /8! &R$!7/+%R/9/US! /N!7,3+/%4+&,39$2'!l8! &R$! /&R$+! R48(I! &R$!7,3+/U+4%R2! /8! ?,U*+$! DI!

2R/V2! &R4&! 3/4&f! 3/+$! +4&,/! ,8N9*$83$(! &R$! %4+&,39$2! 7/+%R/9/USI! VR,3R! V$+$! ,83+$42,8U9S!

4UU9/7$+4&$(!V,&R! &R$! ,83+$42$!/N!__!%+/%/+&,/8'! !QR$!%4+&,39$2!%+$2$8&$(!4! 2%R$+,349! 2R4%$!48(!

+/*UR! 2*+N43$2! WN,U'! D<_I! D<0! 48(! D<BYI! V,&R! &R$! $63$%&,/8! /N! C"<D__! 48(! B"<D__'! QR$2$!

3R4+43&$+,2&,32! 4+$! 3/77/8! N/+! N,97! N/+7,8U!74&$+,492! 9,c$!%+/&$,82!VR$8! 2%+4S!(+,$(! Wp49&/8!^!

e*7N/+(!"EEEY'!

!

!

!
!

!

!

!

!

!

!

!

?/+7*94&,/8! #"H!W!7Y! #GH!W!7Y! #EH!W!7Y!

CD<"__! H'FF!n!H'H"! i'EG!n!H'\a
P
! DD'\G!n!H'"G!

C"<"__! H'`"!n!H'Hi! "a'H\!n!D'\\
(
! D\'iG!n!F'EG

(
!

C"<D__! F'\\!n!"'ia
4IPI(I$IN

D"'FH!n!D'Gi
!4IPI(I$

FG'E"!n!`'HD
4IPI(I$

!

BD<"__! H'Ga!n!H'HH! i'iD!n!H'"D! "i'EF!n!H'Da
$
!

B"<"__! H'FF!n!H'HF! "H'EF!n!H'"a!! D\'iG!n!"'HH!

B"<D__! "'HH!n!H'Hi! "i'EE!n!H'"H
4IPI(I$

! FH'Ha!n!H'ai
4IPI3I(I$

!

 

Table 2 – Size distribution of ascorbic acid particles produced with pea and cowpea protein 

isolates by laser scattering (X ± SD). 
a 

different from P2-1AA (p<0.05); 
b
 different from P1-

1AA (p<0.05); 
c
 different from P1-2AA (p<0.05);  

d
 different from C2-1AA (p<0.05); 

e
 

different from C1-1AA (p<0.05); 
f
 different from C1-2AA (p<0.05). 

 

l8! Q4P9$! "! ,&! ,2! /P2$+>$(! &R4&! &R$! 7,3+/%4+&,39$2! V$+$! 74,89S! ,8! &R$! 7,3+/! 2349$I! 49&R/*UR!

2*P7,3+/8!%4+&,39$2!/33*++$(! ,8!"Hg!W#"HY!/N! &R$!247%9$2!4849SJ$('!C4+&,39$!2,J$2!($3+$42$(!V,&R!

Figure 1 – (A) spray drying yield, (B) microparticles moisture content and (C) ascorbic 

acid retention after spray drying of P2-1AA, P1-1AA, P1-2AA, C2-1AA, C1-1AA and 

C1-2AA. *Significant difference between proportions; #Significant difference between 

legumes. 
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Figure 2 - Representative electron micrographs of spray dried P2-1AA (A), P1-1AA 

(B), C1-1AA (C) and C1-2AA (D). 
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&R$! __! 3/8&$8&! /8! N$$(! 2/9*&,/82'IQR$! R,UR$+! 3/+$! +4&,/! W"fDY! ,8(*3$(! &R$! N/+74&,/8! /N! 94+U$+!

%4+&,39$2! 48(! &R$! ,83+$42$! /N! 2,J$! (,2&+,P*&,/8'! QR$! /P2$+>$(! 7/,2&*+$! 3/8&$8&! WQ4P9$! "Y! /N!

7,3+/%4+&,39$2!74S!P$!+$94&$(!&/!&R$!,83+$42$!,8!%4+&,39$!2,J$I!%+/%/+&,/8499S!V,&R!&R$!,83+$42$!,8!__!

3/8&$8&!/8!N$$(!2/9*&,/82'!

 

CONCLUSIONS 

 

_23/+P,3!43,(!W__Y!7,3+/%4+&,39$2!V$+$!%+/(*3$(!N+/7!(,NN$+$8&!N$$(!2/9*&,/82I!>4+S,8U!&R$!&S%$!/N!

9$U*7$! W%$4! /+! 3/V%$4Y! %+/&$,8! ,2/94&$! 48(! &R$! 3/4&f! 3/+$! +4&,/'! ;8($%$8($8&9S! N+/7! &R$! &S%$! /N!

%+/&$,8I! &R$!"f"!+4&,/!4%%$4+$(! &/!P$! &R$!7/2&!$NN,3,$8&! ,8! +$&4,8,8U! &R$!43&,>$!2*P2&483$I!48(!P/&R!

%+/&$,82! %+/(*3$(! %4+&,39$2! V,&R! 2,7,94+! 2,J$! (,2&+,P*&,/8'! b/V$>$+I! &R$! 3/V%$4! %+/&$,8! ,2/94&$2!

N*+8,2R$(!P$&&$+! %+/3$22!S,$9(2! &R48!%$4'!e/+$!(4&4! 4+$! 8$3$224+S! 3/83$+8,8U! &R$! 2&4P,9,&S! /N!__!

/>$+!4!%$+,/(!/N!&,7$!48(!&R$!+$9$42$!7$3R48,272!VR$8!,82$+&$(!,8!4!N//(!74&+,6'!
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