Iranian Journal of Animal Science Research

Homepage: http://ijasr.um.ac.ir s

Research Article
Vol. 16, No.3, 2024, p. 367-383

The Effect of Adding Surfactants on Appearance Specification and Nutrients
Content of Processed Corn Grain using Steam-Flaked Technique

Farzaneh Mohammadi“~'%, Mohsen Danesh Mesgaran™~'%*, Alireza Vakili"* 2, Abdolmansour Tahmasebi "~ 2,
Mohammad Reza Hossein Dokht"='3

1- Ph.D. Candidate, Department of Animal Science, Faculty of Agriculture, Ferdowsi University of Mashhad, Mashhad,
Iran.

2- Professor, Department of Animal Science, Faculty of Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran.
3- Professor, Department of Chemistry, Faculty of Science, Ferdowsi University of Mashhad, Mashhad, Iran.
*Corresponding Author's Email: danesh@um.ac.ir

How to cite this article:

Received: 01-10-2023 Mohammadi, F., Danesh Mesgaran, M., Vakili, A., Tahmasebi, A., & Hossein Dokht, M. R.
Revised: 10-12-2023 (2024). The effect of adding surfactants on appearance specification and nutrients content of
Accepted: 23-12-2023 Erocessed corn grain using steam-flaked technique. Iranian Journal of Animal Science
Auvailable Online: 23-12-2023

esearch, 1554), 475-488. (in Persian with English abstract).

http://doi.org/10.22067/ijasr.2023.84688.1175

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 (A1), soluble protein (A2), insoluble true
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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 showed a reduction in both non fiber carbohydrates and soluble fiber
concentration.
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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

@y dzolis Jgil,S glgl
Type of corn starch granule
A g awmlis oldy,  Begawls olyy,  C e awls oldy,
A- starch granules  B- starch granules  C- starch granules

* talojl sl los
Experimental treatments

(> 15 um) (5-15 pm) (<5 pm)
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
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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



V¥ 5l ¥ oosleds O Ao ol ! (ool0 pole lesidgh a5 pis  YVY

Date :15 May 2022
Time :12:15:56

Signal A= QBSD

ate :15 May 2022 Signal A = QBSD y 20
Photo No.= 7065 Time :11:33:50 EWT=2000kV  WD= 13mm PhotoNo.= 6588 Time :18:57:15

gnal Dt Signal A=QBSD  Date :15 May 2022
EWT=2000kV  WD= 14mm Photo No. = 838 = Photo No.=7090  Time :12:27:59

(Lo gu) el Jlub dlge el b oas (5915 )3 &l atalis 3 5l sl Sy » (S 5B b g ool dopo 56 - JSUd
Figure 1- The effect of steamed and/or steamed- flaked on starch granule appearance (SEM images- 5000x) of processed corn grain
used various surfactants.
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Experimental treatments were) A: Steam-flaking of corn grain, B: Steam-flaking of corn grain treated with extract of Laurus nobilis, C: Steam-flaking
of corn grain treated with Tween80, D: steam flaking of corn grain treated with sodium dodecyl sulfate, E: steam flaking of corn grain treated with

Alum, Al: Steamed corn grain, B1: Steamed corn grain treated with extract of Laurus nobilis C1: Steamed corn grain treated with Tween 80, D1:
Steamed corn grain treated with sodium dodecyl sulfate, E1: Steamed corn grain treated with Alum
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