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Introduction Corn grain is one of the main sources of energy in the dairy cow diets; about
70% of corn's weight is due to starch. The starch granule is the basic unit of starch in corn
endosperm and is a part of the starch—protein matrix. Its digestibility is influenced by the starch-
protein matrix, granule morphology and size, as well as the degree of granule crystallinity and
extent of granule damage. Cereal starch digestibility in ruminants is improved by an average
of 10% by the application of heat, moisture and pressure during the steam flaking process.
Depending on the processing method, the digestion site shifts from the rumen to the intestine,
which is a significant factor in determining the rate of nutrient absorption that influences animal
performance. Surface-active, foam-forming properties can increase water penetration and,
consequently, the digestibility of processed grain. The most significant physicochemical
property of surfactants is their ability to reduce surface tension, which is known as their
interface activity. Low surface tension in rumen fluid may expedite food absorption and
digestion. The main aim of this study was to evaluate the effect of various surfactants on
nutrients content and appearance specification of steam-flacked corn grain.

Materials and methods In the present study, a steamed-flaked (SF) method was applied to
processed corn grains. During the steaming, grains did not treated with the surfactants (CON)
or treated with 1% Tween 80 (TW80),1% sodium dodecyl sulfate (SD), 1% Alum (AL), and
1% extract of Laurus nobilis (LN) as surfactants. The ethanolic extract of Laurus nobilis (Ln)
was provided by dissolving 100 g of dried and ground Ln in 500 mL of 96% v/v ethanol/water
and shaking for 72 hours, then, the plant extract was prepared using evaporating method. Non-
treated or treated corn grains were then steamed for approximately 35 minutes at 96 °C.
Scanning electron microscopy (SEM) to achieve the best scanning quality of starch granule
structure and surface in processed corn grain with the surfactants through steam-flaked were
taken. The samples were assayed at 25 kV accelerating voltage and 2500x magnification.
Physical properties (Giger-Reverdin, 2000) and chemical composition (AOAC, 2012) were
then examined. The Robertson and Eastwood, (1998) method was used to calculate water
holding capacity. According to Aghajani et al. (2012), the grain density was calculated as the
ratio of the grain's mass to the sample's particle volume. Crude protein and carbohydrate
fractionations were carried out (Higgs et al., 2015). Protein fractions reported as NH3 (Al),
soluble protein (A2), insoluble true protein (B1), fiber-bound protein (B2) and indigestible
protein (C). Carbohydrates were divided into five fractions including A4 (water soluble
carbohydrates or sugar), B1 (starch), B2 (soluble fiber), B3 (digestible fiber), and CC
(ingestible fiber).

Results and discussion Scanning electron microscopy (SEM) analysis displayed that the
processed corn grain using surfactants had larger surface starch granules than the SFC. All
physical properties of the processed corn grain were significantly influenced by the chemically



and physically procedures applied (P< 0.05). The highest bulk density was shown in LN (P<
0.05). Flaked corn grain treated with Tween 80 (TW80) had significantly (P< 0.05) higher
volume compared with those of the others. The CP content of LN was higher than those of
SD, TW80 and AL. Furthermore, the NDF content in SD was higher than that of LN and AL
(P< 0.05). The total carbohydrates, non-fiber carbohydrates, digestible fiber and Indigestible
fiber fractions of the processed corn grain were affected by the surfactant (P<0.05). The total
carbohydrates and non-fiber carbohydrates fractions in LN were lower than that of the TW80,
SD and AL. Digestible fiber and Indigestible fiber fractions were greater (P< 0.05) in AL than
SD.

Conclusion All processed grains showed a different starch granule structure and surface
compared with that of CON. Our findings illustrated that treating corn grain with the
surfactants, applied in the present study during the steaming, improved the physically and
chemically properties of the grain. Various alterations in carbohydrate fractions were traced in
processed corn grain with the surfactants through steam-flaked procedure. The grain treated
with extract of Laurus nobilis illustrated a reduction in both non fiber carbohydrates and
soluble fiber concentration.
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326 )y o @l Slojl ol & s S (a8 1l 3 25 ¥V oY e ] ond (Sl slo )b 3 (gl odgi p
sl o5 py aisly 85 )15 (alosl 5)90 255 (lagls 5 Slas py cilies (gl 0395 p 2 53U aalejl 0 o
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Table 1- The effect of steamed and/or steamed-flaked on percentage of starch granule types of processed corn
grain used various surfactants

O,3 alwlds Joil )5 gyl

ka4 “
il glales type of corn starch granule

Experimental treatments A g5 ki ol 3, B g5 clis ol 3, C g5 aolis ol 3,
A- starch granules B- starch granules C- starch granules
(> 15 um) (5-15 pm) (<5um)
CON 8.9 90.7 0.4
LN 9.0 915 0.5
TW80 8.5 91.1 0.4
SD 9.1 90.6 0.3
AL 8.8 90.9 0.3
Steamed CON 9.3 90.4 0.3
Steamed LN 8.7 90.6 0.7
Steamed TW80 8.7 90.9 0.4
Steamed SD 8.9 90.7 0.4
Steamed AL 8.6 91.0 0.4

o9 Lo (591 Joe (g &0 ails (TWBO g 5y ol b ot (5,97 Joe Sy 50 ails (LNl oss (SUgy )3 ails (CON :ciglosl (slo o™
Cosd 3l 8 ails (Steamed CON g1 L oss (550 Joe (Sgn )3 ails (AL wlilgus Jausdgd s b oy (591 Joe (Sgo 5,3 ails (SD A+
A g boad (550 oo oy 3,50 o,d ails (Steamed TWB80 gy 555 olS 5y o5lac b osds (5,51 Jos 00y 33,10 58 wils « (Steamed LN
oL osd (551 Joe oty 3,lu ,8 wils (Steamed AL « wlidgu Jowsgs mdw bodds 5591 Joe osd 31,0 @) ails (Steamed SD

Experimental treatments were: CON) Steam-flaking of corn grain, LN) Steam-flaking of corn grain treated with extract of
Laurus nobilis, TW80) Steam-flaking of corn grain treated with Tween80, SD) steam flaking of corn grain treated with sodium
dodecyl sulfate, AL) steam flaking of corn grain treated with Alum, Steamed CON) Steamed corn grain, Steamed LN) Steamed
corn grain treated with extract of Laurus nobilis Steamed TW80) Steamed corn grain treated with Tween 80, Steamed SD)
Steamed corn grain treated with sodium dodecyl sulfate, Steamed AL) Steamed corn grain treated with Alum
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Figure 1- The effect of steamed and/or steamed- flaked on starch granule appearance (SEM images- 5000x) of
processed corn grain used various surfactants.

o9 boads 590 Joe (s )3 ails (TWBO 45 5y 0)lae b oss (5,51 Joe (S ) ails (LNpls oss  SJgy 3 ails (CON : iylol (slo Los™
Cosds b 8 ails (Steamed CON g1 L osis (550 Joe (w3 ails (AL «olidgus Junsdgd s b 0y (5591 Joe (Koo 5,3 ails (SD A+

Steamed



CAe %Iy b oo ‘5); J.Q.c W) ).:)l;u AL:).S ails (Steamed TW80 ‘e ‘5}.‘ LS «5).! c)l.,a.c L ooy 6)5] JA.C o0 ).l)\;u Q)S ails ¢ (Steamed LN
el b osds 6591 Jos oo 3w )b ails (Steamed AL « clgw Jawdgd maduw bosis 5,91 Joe oy 3l o5 ails (Steamed SD

Experimental treatments were: CON) Steam-flaking of corn grain, LN) Steam-flaking of corn grain treated with extract of
Laurus nobilis, TW80) Steam-flaking of corn grain treated with Tween80, SD) steam flaking of corn grain treated with sodium
dodecyl sulfate, AL) steam flaking of corn grain treated with Alum, Steamed CON) Steamed corn grain, Steamed LN) Steamed
corn grain treated with extract of Laurus nobilis Steamed TW80) Steamed corn grain treated with Tween 80, Steamed SD)
Steamed corn grain treated with sodium dodecyl sulfate, Steamed AL) Steamed corn grain treated with Alum
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Table2- The effect of various surfactants of steamed-flacked corn grain on physically properties

S e
P-Value
- )
k. . -
el lo et Contrasts
Experimental treatments
SEM Jhedi <l < z
Treatment A B C
8 Gla pad CON LN TW80 SD AL
Physical properties
(5 I3l 4 )3 Yool o395 p oy 403.86° 408.76° 372.53° 327.92¢ 375.61° 5.207 0<0001 0.7749 0<0001 0<0001
Bulk density (g/L)
2 S i Jol (6l cud s 1.682 1.662 1.63% 1.58%® 1.47° 0.033 0.0111 0.1688 0.0473 0.0105
(&
Water holding capacity
(m%/Ton)
(05 sSo yia)aoes 1.11°¢ 1.07¢ 1.182 1.17® 1.16° 0.042 0<0001 0<0001 0.8203 0<0001
Volume(m?3/Ton)
(Ko pio 3 p Sk ) some> py> 898.6° 932.05% 844.17¢ 858.07¢ 859.37¢ 3.016 0<0001 0<0001 0.7698 0<0001
Density (Kg/m?®)

(P</+8) wislipo (5l (gino BT (gl o)y )3 ey By b (slacySibe
Means with different superscript letters in each row indicate significant different (P<0.05).
2ol bosd (6ol Joe (Sgp )3 &b (AL coldlgus Jauwdgd aoiuw b ok (91 Joe (Sgg )3 &ild (SD ¢pigi Lot (9] oo (g 5,5 ails (TW8O g5 Sy o)las b ot (69 Jos (Sgs ) ails (LN epls o5 SIgp 5 4ils (CON : Jolis oiolol (gl jlos™
Experimental treatments were: CON) Steam-flaking of corn grain, LN) Steam-flaking of corn grain treated with extract of Laurus nobilis, TW80) Steam-flaking of corn grain treated with
Tween80, SD) steam flaking of corn grain treated with sodium dodecyl sulfate, AL) steam flaking of corn grain treated with Alum.

g Janrd93 maus g poll il 1 g S ps 0ylae (g Slguw Juwdgd e Jolia 13 poll (0 (xdaw (sl ouiiS” Jld S0 Jolie j3 A 3595 (il 2 Jiame oo

Contrasts: A) Tween 80 vs other surfactants, B) Alum vs sodium dodecyl sulfate, C) Extract of Laurus nobilis vs sodium dodecyl sulfate



J 53 (Sgr 25w (bgy 3 1o oSl jou L odd (651 oo &3 (gl il (gdia dlgo clalé 4y bgyyo glaodls
B odgd p Joloel B g p oym ol g clale aS ol i islejl cpl gt el oas b)) 5 Y
clale (nli8l Coge 9 Sy olS Sy ojlac | oolatwl (P</+0)cd 5 1,8 o edlatwl by coliSh ygum 15U Coo
J*w.)y) 2w g (n?ﬂ L 'Y tj).g ol «5).3 o)La.C O M 4o o ..\).))f W (5)91 J.o..C u).) &ly f°l> O 9
&S ol s Slgw Jawdgd i g poll Cp Jie duolie (P<o/oV) By i |y (o)ls (xe iglds g
b (6y9lyd ) Al B edugd pd Jelmel BYI clale  pals el Oligw Jawdgd madws j edliul
(255545 35 2,5 YEIOR) Clddgus Juasd93 mads b 0sd (55l Jos )3 sla il j3 a8 oy cdale (P<o/+0)an )8
b sygl Jos (P>+/+0) 39: (p,5okS 13 £,5 YAUYD) poll b oss (gy9] Joe sla )3 5l yieS gyl ime yobo @
5 oozl cpiman (P>+/+0) sy zals woyd VS |y NDF cdale pgll b awlio 13 90 Sy oS Sy 0)lac
W i ol ) F?ﬂ bduslio o plb oy clale yials el oSl )ow O loie d Slalgw Juwdgd poiuw
5 e s (Shy » Wl U oy pstiie & Sglite Jruniliy b slo oS80 ) oolizal talesl cl B
G &l (S5 by (SR 0y9ln lp (olite by Gigg (9T 09 0ad ()9l8 sl Al (ae dlge clale
U"' UKJ“"“"?’ Lgl.m dwsld u»lm‘)a Lol (Ahn et al., 2019) Gl 045 Fl?ul U_Qy—);)bo 0”9) 2 0l Lg)ﬁi Jo.c
5 4l (S soloe by 3 oSl lois 4 90 Sy olS Sy ojlas g poll 18" canl b gl (sl o
gy OluS 5 3939 5l b pB e p o9 S olS Sy oojlac WU 4 sy o s 4wl ol edlatl

5593 sow jl (Stefanova et al., 2020) wisb cworis sdlil )3 4ild (¢ ygly3 ;3 a5 Canl olS ol 0,las b ol o
OIS o 55 Pl a5 S eatigd ) Jobeel BUI ey o] 56 g Slilgs Jawdgd s 3l oolitl
dlge cdale (YoVY) oL Kan g gy Liolosl y> .(Crison et al., 1997) wsb el yomw oyl (Stogs Jawilo ;|
Shio dlge clale aiely .l 6,5 o3l i 3 S YAS LY (gl odg o pyn b Sy )3 (sl il (gl
dopd Ae B YA duulis g ¥/5 B Y/Y ADF o ys MY B 5/Y NDF (o dp Y B V/A g5 59 5 15 L5040 )l

2o ilejl ol ) 48 15 cules od b BN ol lawgs b (518 ol ol ales] S oale
&l adlas ,> (Trotta et al., 2022) ws plosl 55 (xaw sla 00 Jlad b obowd (69l Joo ( Sojud (5y9l,
By e atols 1 (6 o)1) il sl Y3 Cilies (cloo s b Sy ) gleil (i dlge cdile
Dialofl b5 A5 5,15 p)TekS 53 5,5 VA B Y-F atulds o VF BA uSls YA B ¥R pls o AY b A I
S 1555 o)) gl (Kang et al., 2021) 18 o b |y dlis 5 Sl ol oy slo el mls sl
Slae clale g ,bdl ;3 yosd 4 e Ll o 8l o BT ylojen Cijgo 4y &S GHLiS g Cugby led Wile  Lolgs
aloj o al bwg Ol Gls Juwily by cobSygm a5 ai ool ol S cla imgp zols ;3 g 4l (gl

boolyon O Gl gy 50 L3l cpl Ay o Jbas 4 (Azizi and Ra0., 2004) xas o Liol38l 1) s b
Slge ClAle )3y aoei 53 g &l 515 )3 (o2 nign g Atelii=(nlin (WS le ) (WSgp Sl Ay oS
iS4 e ey ol yo.(HIggs et al., 2015) i edlatwl pwgyp (s iSu Lbey il @yd all (g
g Bl 4 o0l Juato gy b olyen Joloal i onlign onized g Jslme (i g «Slogel (sl
Fepols Jo o da ails (gy5l Jos sla (39, 55 liebl ol jshaio 42035 (o ol e BBy (59
& boiyo gols(Higgs et al., 2015) 565 oo o3kl gy cunle [Sily asls oleie 4 pligp (s i
&9l Jos 53 ol ygm 5l odliul b L g ol gu I ookl 9t oaud (6y9ly3 (ol &l Hl> pZgp sla Liso




O e abds I el Gis (ol (Shg opyiere Sy pols gl cul oad o3y LB T Jgan > (o550
obis @bt sl (S5 sl Jos sy 9 o colSygm b Ll 4y pan LB 555y 5 s (nSon b
ol 6yl Jos cla aild pl pTgp cunle 13 i coge pals Linlejl (sla cSlS g I edlazul 45 sl
Jos @) o &l o coliSlygm ate 30 pae ) luebl SSlo Wl oo cpl D9l (o5 (Sgp=5)l50 o9,

(Hristov, et al., 2007 ) x3b oas (¢ )5l




Table3- The effect of various surfactants of steamed-flacked corn grain on chemical composition

g )b 6918 L olyen (oo JUa dlge lgil b oad gyl Jas @3 s (pbewd S 5 Y Jgur

e
P-Value
. Jis Sl e
F ol slo e Contrasts
Experimental treatments
SEM o Wl - z
Treatment A B C
(0,5 5h & p ) siio olge il CON LN TW80 ) AL
Chemical composition(g/kg)

oz 38.292 38.502 37.72@b 36.59° 39.352 0.3631 0.0038 0.3305 0.0003 0.2593

Eater Extract
JEES 12.11 11.89 12 12.10 11.66 0.5329 0.9724 0.8851 0.5770 0.9942

Ash

PP 89.99b 101.322 90.23b 90.23b 86.49b 1.497 0.0004 0.1865 0.1081 0<0.0001

Crude Protein
awlis 704.43 702.66 701.8 703.88 703.95 1.68 0.7946 0.4018 0.9760 0.5574

Starch
S aigd o Jaloel LI 100.4820 99.55b 100.27% 98.73b 101.752 0.45 0.0088 0.6255 0.0008 0.2378
Neutral Detergent Fiber (NDF)
Gl 0098 4 Jgleel BLII 43.02 40.19 42.13 41.21 42.26 1.7518 0.1547 0.3180 0.3457 0.1238
Acid Detergent Fiber (ADF)
Joloe slausd 45.82 42.11 43.85 45.09 45.26 1.763 0.6062 0.8853 0.9490 0.1865
Water soluble carbohydrates

Sokeel (2o ,0) 27.5 27.33 27.11 26.88 27.42 0.1922 0.6232 0.7768 0.2385 0.6442

Amylose (%)
S gheal (30,0) 72.50 72.67 72.89 73.12 72.58 0.3089 0.6232 0.7768 0.2385 0.6442

Amylopectin (%)

Means with different superscript letters in each row indicate significant different (P<0.05).
Pl L odd (6ol Joo (Sar > ald (AL ol gus Juusdg maduw b o (69 Jos (Sgr )3 il (SD 3865 b o (691 Joe (Sgw 0,3 4ils (TWBO (g 5y 0ykac b o (5] Joo (g > 4ils (LN ol oy (Soy )3 ils (CON : Jols ool (sloylos™
Experimental treatments were: CON) Steam-flaking of corn grain, LN) Steam-flaking of corn grain treated with extract of Laurus nobilis, TW80) Steam-flaking of corn grain treated with Tween80,

SD) steam flaking of corn grain treated with sodium dodecyl sulfate, AL) steam flaking of corn grain treated with Alum
g Jowdgd w5 poll Llio 53 50 Sy 0)las (g Slilgur Jowdgd s blio 13 poll (0 o (sl oS Jlub 100 Jlie )3 A+ (15 (<l 2 St lglie

(P<e/-0) a2l o 5l (gino BN (gl o) 2 )3 alito & By o b (gl Sl

Contrasts: A) Tween 80 vs other surfactants, B) Alum vs sodium dodecyl sulfate, C) Extract of Laurus nobilis vs sodium dodecyl sulfate
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33 850,S i joliol 5 i g STy ¢ Jgeme dtwd dus 4 1y )3 (ola als 5 ool (ga pppids S5 > (VoY)
)3 oyl 3,500 (gm0 5l (AtKin et al., 1998) coul Jgamo sla )3 5l 268 jolual clale STy (cla <)
oieleil > el )3 elgil b 5l glize Ml ol 5 )10 b gpglyd Sl g b SlhamgnS (Sujid o (Shs
U5 33 yasd e MolS g (duoyd Vo brgas) atwlis 51 e ) cpl &S (020,8 oolaiw]  Jgexe &yd jl Lo yols
obolp 1y (Shed mlie ol o a8 Lob gt (Y0)0) ohKed 5 35 .Cunl (591,85 oy &)l S sla
9 JBye SUI(BUle slo Sliamg S o Cliingy S ggeome Jolds (sl ido 4 Gl b 0wl slo e
Jos )3 o ciliS 5w 3l it cALS (gl cnlply 2)5 maed Jslore (loaid g anulis fizmen 5 paa LB
£ )1 gxe pil cod )b A wlyumg S cla isu 4 ol i gl Lol oad ool HLE ¥ Jads 3 okl
» e ANTA) b S ggeome clale (P<2/00) 85 (0 )3 (= i)Bu (b > b il
@ 0dd (6y9l% sl Al plo & Cuns LN 3 (p)5olS™ 3 )5 VOV/VY) (U e clo Sliangs S g (p)5 5k
Sy olS S pojlac b e)d ails (gygl Jos p3 a8 ol lis Jiwe laolie (P<+/+0) 340 308 5yl xo yobo
5 (1o YIFY 5 VYA i 4 ) o Slirmg S ggaome clale pgll g Slilgu Jruodgd madus b duglio )3 5

LAL 05,5 4 by sl als (P<+/+0) il Lials (10> VDR 5 VS i &) W1 ot sl gy S
b ool oo (P<+1+0) cals ptolaj] csligloss iy 13 |y s b5 G ale oy s p 5ol 15 o5 ADIVD
Ao )d OV/EY) ol 4y gme Liol38l 1) wean b GUI clale @liow Jawdgd modw b (659l Jos 4 o poll
s ©laglie olis .15 oaalite SD 5 o)k 55 2,5 VAR b i b5 i GUI calé a8 (P<+/ 0
arg b (P>2/00 ¢ o3 WOF) iy Jls ime i3l lilgus Juwdgd madws blie p3 poll 5l oslil sy jLis
0 Cod 4 (ol Sluslre 5k 5l (SUI e la Cliang S gl Slang S paee o clale &5 ol 4,
ol 2 P8 g ke Ll s 4 LN o o syl (el Yleinl (g g 0lge G 4 axnl0) ]
clile 5 ialS pan LB e BUI g Jslome slaaid i (Sl a2lp by e (I3l b sl Yo
> (Xin et al., 2021) el JalEl ol @l & Camd S e slo lyngsS 5 Jolxe U sl ik
S s Slyiang AT | pl 03 o livngsS gpemms e (Y1) olfSen 5 0rj sl
i 6 i U5 YFVAA o b5 GLILYEVE Joboee LAY/ Jglona (slakid SIAY atulis YYAIA
o9l B tsi ) oS 105 esled ad al o T ls ol tolofl gl 9 45 (315 £ S0k )3 2,5 YN0
& o b g & 1538 ol (FoY+) St 5 Lisiamsl XN et al., 2020) 355 ploxi] .y a3 > oluan

g 4twlis) 4 jo0 hawgle (w1 (Jslore BAB) 4 jo0 @pw (i (EBE 4 e 9299)0le glgal ol e
(Espinosa et al., 2020) 545 oo bn Slyaumgy,S ajos B e jiso ials 5 (Jeloee LI
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Tabled4- The effect of various surfactants of steamed-flacked corn grain on protein fractionation (CNCPS- v 6.5)

& (e
P-Value
B S oluslie
*“_5;“"&"' i Contrasts
Experimental treatments SEM b i _ .
Treatment A B C
Sho 8 ) ein (S i CON LN TW80 SD AL
(P& ogn 3l
Protein fractions (% of
CP
(AL) Slsgel 0 0 0 0 0 - - - - R
Ammonia
(A2) Jsle iri> yutSsp 2.62 2.66 3.59 2.93 2.66 0.845 0.9127 0.3993 0.8269 0.8995
Soluble true protein
Bl Jolomali ii> yutisy 88.56 88.40 88.11 88.27 88.40 0.4668 0.9904 0.7426 0.8853 0.9336
Insoluble true protein
BN & ouls Jaie (puigy 2.98 3.38 3.22 3.22 3.38 0.1905 0.5670 0.6372 0.5642 0.7383
B2)
Fiber-bound protein
€ )i BBy cpiisn 5.84 5.55 5.06 5.57 5.55 0.2673 0.3964 0.1326 0.9437 0.9675

Indigestible protein

(P<el-0) 18l o (o)l (mo BMS] (gyls cind, j2 )3 wlitie i By b (slagySibp
Means with different superscript letters in each row indicate significant different (P<0.05).

2ol Lo 5yl Joo (Sgp )3 ails (AL ol gusr Jiwdgd pouw b o (9l Joo (SIgw )3 il (SD ¢yg5 b o (6y9) Joe (Sgy yd il (TW8O (g 5 s ojliae b o (69l oo Sy 3 ails (LN epls- oy (SJgy > ils (CON : Jols _tslojl (glojlos™®
Experimental treatments were: CON) Steam-flaking of corn grain, LN) Steam-flaking of corn grain treated with extract of Laurus nobilis, TW80) Steam-flaking of corn grain treated with
Tween80, SD) steam flaking of corn grain treated with sodium dodecyl sulfate, AL) steam flaking of corn grain treated with Alum

Slilgu Jamdgd podws g pgll blie 13 9 Sy 0)las (g g Jawdgd moeo Jilie 13 pgll (0 (rdaw (sla 0aiiS Jled ;505 blio 13 Ae 595 (il 2 Jitne iluanlio

Contrasts: A) Tween 80 vs other surfactants, B) Alum vs sodium dodecyl sulfate, C) Extract of Laurus nobilis vs sodium dodecyl sulfate
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TableS- The effect of various surfactants of steamed-flacked corn grain on carbohydrate fractionation (CNCPS- v 6.5)

e
P-Value
" B Jias Sl e
E’L"L"jl slales Contrasts
Experimental treatments
SEM .. il o z
Treatment A B C
25 )S0ume: S ot iy CON LN TW80 SD AL
(PSS 5o
Carbohydrate
fractions(g/kg)
Bl)alis 0 0 0 0 0 - - - - -
Starch
(Ad) Jolo slonis 45.82 42.11 43.85 45.09 45.26 1.763 0.6062 0.8853 0.9490 0.1865
Water soluble
carbohydrates
Slyang S g game 859.592 848.29b 860.052 861.07° 869.49°2 1.92 0.0026 0.2406 0.6129 0.0002
Carbohydrates
SU g lslyupg S 762.922 752.24b 763.282 765.77°2 764.472 1.91 0.0036 0.2491 0.6408 0.0003
Non fiber
carbohydrates
(B2)Jsl>e SUI 13.99 11.46 14.29 16.80 15.26 3.79 0.6945 0.9435 0.6852 0.1826
Soluble fiber
B3)pan L5 SLI 94.4432b 93.872b 94.,522b 93.30b 95.752 0.44 0.0299 0.6926 0.003 0.2529
Digestible fiber
CC)pzn L5 e 3L 2.232 2.18® 2.252 1.99b 2.262 0.049 0.0161 0.0866 0.0031 0.4199

Indigestible fiber

(P<e/+) 28l o 6yl ino M) (gl cind, y2 )3 dlite i By b (slapSike
Means with different superscript letters in each row indicate significant different (P<0.05).
2ol bors (o)l Joo (Sgp )3 4l (AL coldlgus Jauwdgd aoituw b o (69l Joo (Sogg )3 iy (SD ¢y b o (69l Joe (g 5,3 ails (TW8O g5 S o)lias b o (691 Jos (Sgp ) ails (LN pls o5 (SIgy 5 4ils (CON : Jolis oiolol (sl jlous™
Experimental treatments were: CON) Steam-flaking of corn grain, LN) Steam-flaking of corn grain treated with extract of Laurus nobilis, TW80) Steam-flaking of corn grain treated with
Tween80, SD) steam flaking of corn grain treated with sodium dodecyl sulfate, AL) steam flaking of corn grain treated with Alum
Olilgus Juwdgd wotw 9 pgll Jildo 13 9 Sy 0)las (g Sl Juwdgd madws Sl ;3 poll (0 (o (gla 0aiiS b ;o5 blie 5 Av o5 (il 2 Jitune lanlio
Contrasts: A) Tween 80 vs other surfactants, B) Alum vs sodium dodecyl sulfate, C) Extract of Laurus nobilis vs sodium dodecyl sulfate
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