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Figure 1- Different corn varieties (A: Iranian single cross 702 corn; B: Russia corn; C: Ukraine corn; D: Brazil corn)
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Table 1- Physical and chemical properties of Iranian corn grain (single crass 702) in comparison with different types of imported
1

corm

whosd § (N3 Sluogad

Oyd alisee (gl )lg

Different types of corn

P-Value
Physical and chemical properties Yoy wlyS IR 4wl ")) ol Joip SEM
Single crass 702 Russia Ukraine Brazil

(5 2 p55k5) 5,2l s 0.713¢ 0.789°  0.712°¢ 0.817¢ 001  <0.001
Apparent density (kg/L)
() i osle 90.94 90.89  90.86 9084 002  0.483
Dry Matter (%)
) ole 98.64 98.78 98.73 98.84  0.03 0.120
Organic Matter (%)
(%) ¢ ox532 7.37% 7300 7.458 740% 002 0.048
Crude Protein (%)
() (525 eatagh 5> Jolonel b 9.81° 11.78%  10.33" 13.42° 049  0.008
Neutral Detergent Fiber (NDF) (%)
() sl oz 3 Jolonal b 3.58° 3.48° 3.59° 5300 027  0.014
Acid Detergent Fiber (ADF) (%)
) w2 3.91 3.35 3.39 3.57 0.13 0.459
Eater Extract (%)
() anlizs b b b

69.03 71.04%  70.36° 7149 035 0.039
Starch (%)
(%) S b g S 77.54% 76.34%  77.54% 74.44° 041 0.001
Non-Fiber Carbohydrate (NFC) (%) 2
) i JB e Slye JS 81.27¢ 81.32®  81.29® 79.96° 0.1 0.015
Total Digestible Nutrient (TDN) (%) 3
(PSS 2 s Ja) 2308 LA 5551 1.87¢ 1.87° 1.87° 183 005  0.017
Net Energy of Lactation (NEI) (Mcal’kg)*
(PSS 2 5 B150) g A oAl 53 1.34° 134 134 130° 006  0.006

Net Energy of gain (NEg) (Mcal/kg) 3

! Means with different superscript letters in each row indicate significant different (P<0.05).

2NFC = 100 - (CP + NDF + Fat + Ash)

STDN = (81.38+ (CP x 0.36) — (ADF x 0.77))
NEI = ((0.0245 x TDN) — 0.12)

SNEg = ((0.029 x TDN) — 1.01)

(P<0.05) szl (o )b sino EMSI (sl s, 2 3 s o By o | (gl (500"
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Table 2- Gas production fermentation parameters of Iranian corn grain (single crass 702) in comparison with different types of imported corn'

O lisee glaay g

B g (g pmess sladoel Different types of corn
i . — SEM  P-Value
Gas production fermentation parameters V¥ LolyS IR atylg o09) oS! Jin
Single crass 702 Russia Ukraine Brazil
(3 (o) S5 el ey 347.30 341.07 335.60 366.70 5.40 0.193

A=asymptote gas production (mL)

n= value determining 1.56 1.71 1.45 1.70 0.05 0.145
the shape of the curve

(cebo) sl 5 Jpuily ol M55 e

K= time to 11.69¢ 1206% 1246 1297* 015  0.002

produce half of A (h)

((‘;‘;“ag;l(‘r;l’/s ”bﬁf;‘) Opelyl el FA B 0 )3 8l 6 oo 312.96% 309.54% 29586 331.24° 461  0.023
g

(G‘—iu»P :.(24:;[2 r:]); xD»Mm;;I ) ) ool oo VB o a)gy (85 55 e 262.28% 25580  245.40° 271.94° 360  0.031
g

(G“(P“""('l 2?2 r‘;); ’*D"‘““;X{ ) S el WV B 003 2y 81y S e 177.24 16485 16720 17120 245  0.330
g

(S 0l 25 2 k) CipenlipS ol 7 B0 g o8l S e 90.39 7773 8924 7717 267  0.169

GP (6) (ml/g DM)
celu YE 4lej ,» PH

PH 24h 6.37% 6.34° 6.46° 6.41%°  0.02 0.058
?Nﬁjzz E)S("l“” " )d;‘“ VF olej 5> Sbisel 0oyt 19.13 18.65 2248 2047 074 0276
- 3 m;
(T)‘“J‘L""~t~i &i’;ﬁ)ﬁ‘l‘}:ﬂ?l‘} PR e sl IS 70.08 73.61 68.15 6841 092  0.107
ota mo
E:J"t A;’);Lh“(}; ;; 01;‘5 » e 6014 5820°  59.34%  62.94°  0.60  0.007
cetate (] 0
(ge 03) caslo VF gloj > Sligers, 26.95% 2892% 2522  2324° 074  0.013
Propionate 24h (% Mol)
(ge 0p3) sl V¥ oloj 53 Sy ] 0.87° 0.79" 1.20° 0.66°  0.06  0.001
Is butyrate 24h (% Mol)
(Jge 0y3) sl ¥F gloj > &y 8.88° 8.77° 10.49°  9.02° 024  0.008
Butyrate 24h (% Mol) ’ ’ ’ ’ ’ ’
(5o 20y2) sl VF gloj )3 Sl 3 1.50® 1.16° 2.16* 1.98%  0.15  0.031
Iso valerate 24h (% Mol)
(ge 0y3) sl V¥ gloj > &)y 1.16 2.15 1.57 214 013 0212
Valerate 24h (% Mol)
Cobo V¥ gloj > gy 4 Slil ol 223 2.01° 236" 2.72° 009 0012
Acetic to propionic ratio 24h
b &) i chal o o) ol 6 My 2 0.067 0.066 0060  0.066 001  0.269
c= Degradation rate at half-life
0O Y TP U e
0.989 0.989 0980 0989 0.0l  0.125
MDR= Maximal degradation rate *
(Sbo) Lty 22,0 WD o3 sl gloj 5.79% 567°  6.50®  6.8° 016  0.003
Time to ferment 25% of the substrate (h)
(Sl g 1 303 VD yoa sl ol 23.60 25.67 2446 2451 034 0372
Time to ferment 75% of the substrate (h)
8“1\;[’35/')"’:‘ an CllB 62.98 6157 5974 6503  0.72  0.031
0
; . LG e
&’E’(j‘l\;)’ iﬁ?f‘) redalie JE 3 9.98% 9.42®  9.09® 1004 0.13  0.033
cal/kg

(P<0.05) s2ily o )b mo BB (gl s,y 4> ey g b sl (SSLee’
! Means with different superscript letters in each row indicate significant different (P<0.05).
2GP= AX(T"/(T**K"))
*Degradation rate at half-life (c)=n/(2xK)
“Maximal degradation rate (MDR)= (n-1){®1/m&
Time to ferment X% of the substrate= Kx ((X/1-X)"™, where X = 25, 75.
®Organic Matter Digestibility= (14.88+(0.889xGP24)+((0.45xCP)/100)+((0.065xAsh)/100)
"Metabilisable Energy= (1.06+(0.157xGP24)+(0.008xCP)+(0.022xEE)-(0.0081xAsh)
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Figure 2- Extent and rate of gas production of Iranian corn grain (single crass 702) in comparison with different types of imported

corn
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Figure 3- Rumen, intestine and total tract digestibility of DM, CP and starch in Iranian corn grain (single crass 702) in comparison
with different types of imported corn
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Table 3- Starch damage parameters of Iranian corn grain (single crass 702) in comparison with different types of imported corn !
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"Means with different superscript letters in each row indicate significant different (P<0.05).

2Al: absorption of iodine,
3UCD: damaged starch content- Chopin units,

4UCDc - damaged starch content chopin units on protein basis matter,
SGelatinization: Measured by Megazyme Starch Damage Kit (76-31.01 and 06/18)
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Figure 4- Scanning electron microscopy of starch granules and protein matrix of Iranian corn grain (single crass 702) in

comparison with different types of imported corn with 2500x magnification (A: Iranian single cross 702 corn; B: Russia corn; C:
Ukraine corn; D: Brazil corn)
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Introduction Corn grain represents the most important energy source in ruminant diets. In high-producing dairy
cows, the diets contain high levels of corn in order to meet their energy requirements. Corn has a complex structure
where a range of nutrients interact with each other or physically associations. Ultimately, the quantity and
availability of these nutrients determines the nutritional value of this grain. In corn nutrients and energy utilization is
influenced by both intrinsic (e.g. starch granules and protein matrix structure) and extrinsic (e.g. growing and
storage conditions, climate and agronomy conditions and grain drying process) factors. Corn endosperm represents
more than 80% of total grain and is composed of starch granules that are imbedded in a protein matrix and
surrounded by plant cell walls. Starch granules size, starch composition (amylose/amylopectin ratio), starch
encapsulation (by endosperm cell walls and protein bodies) are among the factors with the most influence on
digestion of starch. The structure and distribution of starch and protein matrix network of grains vary in different
corn varieties. The Objectives of this study were to evaluate physical and chemical properties, gas fermentation
parameters, starch digestibility and starch granules structure in Iranian corn grain Single cross 702 in comparison
with different kind of imported corn grains (Russia, Ukraine and Brazil).

Materials and methods Corn grain samples (Single cross 702, Russia, Ukraine and Brazil) were obtained from
Khorasan Razavi Agricultural and Natural Resources Research Center, Mashhad, Iran. The apparent density was
measured and the samples were analyzed for DM, OM, CP, EE, NDF, ADF, starch. Gas production was conducted
in a 125 ml amber flask with three series of incubation. Gas production parameters were calculated. Also, rumen,
intestine and total tract digestibility of DM, starch and CP were determined by using the in situ mobile bag
procedure. Different parameters of damaged starch (the absorption of iodine, Ai%; damaged starch content in UCD,
Chopin units; UCDc, Chopin units on protein basis matter) were determined using the amperometry method
(Chopin, ZI Val de Sein, 92390 VLG, France). Starch gelatinization was determined according to the enzymatic
procedure (AACC Method 76-31.01; K-SDAM, 09/2018). Scanning electron microscope (LEO 1450 VP, USA), at
an accelerating voltage of 25 kV, and under 2500x magnification to study the grain structure was done. Data were
analyzed by GLM procedure of SAS with a completely randomized design.

Results and discussion Apparent shape of Single cross 702 was smaller than other corn varieties. Apparent
density was higher in Brazil corn than other corn varieties. DM, OM and EE were not shown significantly difference
between corn varieties; however, CP, ADF, NDF, starch, NFC, TDN, NE, and NE; were significantly affected by
different corn varieties. Starch in Single cross 702 corn (69.03%) was significantly lower than Russia (71.04%),
Ukraine (70.36%) and Brazil (71.49%) corns. Asymptote gas production (A) was not influenced by different corn
varieties; however, the real gas production in time 24 and 48 h incubation in Brazil, Russia and Single cross 702
corns was greater than Ukraine corn. The instant rate of gas production until 8 h incubation in Single cross 702 and
Russia corns was greater than Ukraine and Brazil corns. The time for fermentation of 25 and 75% of substrate in
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Single cross 702 and Russia corns were significantly reduced than other corn varieties. The PH, NH3-N and total
VFA of bath culture in 24 h didn’t influence by corn varieties, however acetate to propionate ratio in Brazil corn
was greater than other corns. In spite of that the rumen starch digestibility of Single cross 702 (61.59%) and Russia
(59.51%) was increased than Ukraine (45.31%) and Brazil (40.51%) corns; however, Ukraine (97/.06%) and Brazil
(98.39%) corns showed the intestine starch digestibility greater than Single cross 702 (93.79%) and Russia (93.87
%) corns. The starch gelatinization in both of Single cross 702 (4.24%) and Russia (4.17%) was greater than
Ukraine (3.78%) and Brazil (3.32%) corns. The scanning electron microscopy showed that the starch granules size
was not uniform in the Single cross 702 corn and the number of small starch granules was greater than other corn
varieties. Also, the thin protein matrix was observed in the Single cross 702 corn. In contrast, the starch granules
size in the Russia and Ukraine corns were larger and uniform. In Brazil corn, the starch granules were arranged with
greater density and a non-smooth surface was observed on the granules. Many studies were done on nutrient value
of different corn varieties. Numerous factors can affect the grain chemical composition, physical properties and
starch availability on corn grain that include cell wall structure, type of endosperm (floury or vitreous), starch
granules and protein matrix, genetic and environment. Corns contain higher floury to horny starch ratio showed
greater starch gelatinization and greater starch digestibility in the rumen and total tract. Findings of this study
represent the Single cross 702 and Russia corns showed higher gas production, rate of gas production, starch
gelatinization and rumen digestibility of starch than Brazil corn.

Conclusion It is concluded that the Single cross 702 corn in terms of flurry endosperm, gas production, gas
production rate, starch gelatinization and rumen digestibility of starch was similar to Russia corn, although the
structure of starch granules was different. Brazil corn had a horny endosperm and showed lower rate of gas
production in initial hours of incubation, lower starch gelatinization and higher intestine digestibility of starch than
other corns. It generally seems that the result of this study and similar studies can offer useful information about
corn grain for farmers and the animal feed manufactures for processing of corn.

Key words: Imported corn grain, Gas production, Single Cross 702, Starch digestibility, Starch gelatinization,
Starch granules structure.



