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Background and Objectives: Provision of food in a fattening period
includes about 65 to 70% of the costs related to livestock breeding and
maintenance. The most important issue in preparing the ration is choosing
raw materials with high availability, cheap price, and nutritional value to
meet the recommended nutritional needs of each type of livestock. Corn
steep liquor is one of the industrial wastes, which is produced during the
wet milling process of corn kernels for the extraction of corn starch and oil.
Processing is one of the techniques to change and improve the nutritional
value of grains, especially starch and protein. Among the reasons for using
corn steep liquor, we can mention the high nutritional value of corn steep
liquor (high protein content), the level of corn steep liquor production in
the country, and the low price of this by-product.

Materials and Methods: The aim of this experiment was to evaluate the
effect of aldehyde-treated corn steep liquor replacement with soybean meal
on growth performance, ruminal parameters, and purine derivatives of
fattening lambs. Formalin (37%) at a concentration of 3.5% was used to
process corn steep liquor. Twenty-five male Lori Bakhtiari lambs with an
average weight of 26+3 kg and age of about 3 months were allocated in
105 days period (15 days of adaptation and 90 days of the main period) in a
completely randomized design with 5 experimental treatments and 5
replications. Experimental treatments included soybean meal with different
levels of corn steep liquor processed with formaldehyde (0, 25, 50, 75 and
100%) replaced in the diet.

Results: The highest body weight, daily feed intake, and daily weight gain
were related to lambs fed with 100% Formaldehyde-processed corn steep
liquor while the lowest feed intake and daily weight gain were related to
lambs fed with control treatment (P<0.05). The feed conversion ratio
improved but did not increase with an increasing level of formaldehyde-
treated corn steep liquor. An increase in the amount of formaldehyde-
treated corn steep liquor in the diet resulted in decreasing the pH of the
lamb's rumen significantly. (P<0.05). In all the experimental diets, ruminal
fluid ammonia concentration was reported in the optimal range (8.5 to
more than 30 mg/dl). Total concentrations of volatile fatty acids, acetate,
propionate and butyrate density, and acetate to propionate ratio in the
ruminal fluid of experimental animals fed a diet containing formaldehyde-




treated corn steep liquor were not affected by the experimental diets.
However, the ruminal density of valerate and isovalerate decreased
significantly with increasing the salinity of formaldehyde-processed corn
steep liquor (P<0.05). Excretion of each purine derivative (allantoin, uric
acid, xanthine + hypoxanthine) and total excretion and absorption of purine
derivatives from urine, and the amount of microbial protein produced in the
rumen were significantly affected by the experimental diets. The control
treatment showed the highest and the 100% level treatment of
formaldehyde processed corn steep liquor showed the lowest amounts
(P<0.05). Urinary excretion of nitrogen decreased with the increased fat
content of formaldehyde-treated corn steep liquor in the diet.

Conclusion: The results from the present experiment showed that with the
use of formaldehyde-processed corn steep liquor in lambs' diet, body
weight, daily dry matter intake, and daily weight gain, the increasing level
and the amount of ammonia, pH, valerate, and isovalerate fatty acids
reduced ruminal production of microbial protein in lambs, as well as,
reducing the breakdown of protein in the rumen. Therefore, more protein
was broken down in the small intestine. To conclude, the use of
formaldehyde-treated corn steep liquor with soybean meal has no adverse
effect on livestock performance.
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Table 1- Chemical composition of corn steep liquor (% of dry matter)

(corn steep liquor) =5 ol

(Nutrient) s osle

52.00 (Dry matter) (56 035 dwys) Kix o3l

89.90 (Organic matter) Ji el

42.00 (Crude protein) ol= 55

36.50 (Soluble protein)J sl s

32.40 (Rumen degradable protein) .S 55 ams JG opsis

9.60 (Rumen undegradable protein) «.ss ;s « o LG e 55,

1.25 (Crude fat) o o

0.00 (ADF) Jslo son 05 Jshoo o)l

0.00 (NDF) Jsl o)l 5

2.00 (Lactic acid) sV al

12.60 Szt olo oSS 5 J 53K e e BB (5551
(Metabolisable energy (MJ/kg DM))

3.86 pH

(Azizi-shotorkhoft et al., 2016)
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Table 2- Ingredients and chemical composition of the experimental diets used for fattening lambs (% of diet
dry matter).

(u):;,- S esle Mjs) Q)': u\.w.:;- C]a.«
Corn steep liquor level (diet dry matter percentage)

100% 75% 50% 25% Control ~ (Feedstuff Ingredients) 51, > sl50 o5 5
10.00 7.50 5.00 2.50 0.00 (Corn steep liquor) b e
0.00 2.50 5.00 7.50 10.00  (Soybean meal) (EPIPELY
20.00 20.00 20.00 20.00 20.00 (Alfalfa hay) sy 4 5le
30.00 30.00 30.00 30.00 30.00 (Barley grain) ol
25.00 25.00 25.00 25.00 25.00 (Corn grain) b als
5.00 5.00 5.00 5.00 5.00 (Wheat bran) pLS o ponn
4.98 5.15 5.31 5.48 5.50 (Sugar beet pulp) L3y ke
2.52 2.35 2.19 2.02 2.00 (Rapeseed meal) I5ls
0.50 0.50 0.50 0.50 0.50 (Sodium bicarbonate) i S
0.50 0.50 0.50 0.50 0.50 (Salt) S
Fodee s waliy oSa

050 050 050 050 050 (Vitamin and mineral prefnix)j e
1.00 1.00 1.00 1.00 1.00 (Caco3) lS Sl S
(Chemical composition of the experimental diets) bl slse o 53 350 50 (gdie 3150 sland S 5
84.74 85.69 86.64 87.59 88.55 (Dry matter) it esle
2.60 2.60 2.60 2.60 2.60 (SAS 2 o G JSS) o nlen J6 555

Metabolisable energy (Mcal/kg)

14.00 14.00 14.00 14.00 1400  (Crude protein) ol (nSsn
1.82 1.94 2.07 2.19 2.31 (Ether Extract) SHleolas
7.82 7.95 8.01 8.42 8.68 (Ash) Sl
53.42 52.91 52.47 51.68 51.00  (NFC) S e Shaay S
22.94 23.20 23.45 23.71 24.01 (Neutral detergent fiber) NDF
13.04 13.21 13.38 13.55 13.74 (Acid detergent fiber) ADF
1.20 1.20 1.21 1.21 1.22 (Calcium) s
0.27 0.27 0.27 0.27 0.27 (Phosphorus) i
0.75 0.75 0.75 0.75 0.75 (Concentrate) o LS
0.25 0.25 0.25 0.25 0.25 (Forage) Ggle
ol s Ml dmly Yorn 5 bty Ml dlg Vevnn e B aln s Ml doly 0veeee: uls LS s oSS a*

v/ Yo LCJLS r_)f A NS ‘:J§ ¢/0 e ‘:J§\ gJAT ¢j§Y‘/o ‘J.iw €j§V/° hﬁ.)\aﬂ f}f-\. ‘(”—)3"" f}f ur:,vJS ‘AJ§ Vor ol

Each kg of supplement includes: 500,000 IU vitamin C, 100,000 IU vitamin D and 2000 IU vitamin E, 150 g
calcium, magnesium, 60 g sodium, 3.5 g manganese, 3.5 g iron, 1 g copper, 4.5 g zinc, 0.04 g cobalt, 0.025 g
selenium, 0.04 g iodine, 0.4 g antioxidant

1) NFC% = 100 - [%NDF + %CP + %fat + %ash
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Table 3- The effect of replacing soybean meal with processed Corn steep liquor on the performance of
fattening lambs

(cﬁe-&i;'-wu MJJ)::.LZL;)}D}Q)S%)LM:;'-CEJ

P-value SEM Processed Corn steep liquor levels (diet dry matter Parameters
percentage)
100% 75% 50% 25% Control
Z. q. g . e
0.0001 0.712  50.00% 47.82° 45.14° 43.65° 40.84¢ 3908 (25D 0 055
Body weight (Kg) day 90
) Y Sz osle 3
0032 4040 1358.15% 1304.60° 117672%° 112141 101330° 200 R
Dry matter intake (g day™ )
0.0001 0.083 289.28°  262.14°  230.24° 21310  18143° Gao 02 050 &l 055 12
Average daily gain (g day™)
[RY: 5o B
0441 0148 470 5.02 5.10 5.26 5.60 st

Feed conversion ratio

.LZL'J B L) 0 C]a“)é)b@’u Q}Lﬁ.ﬁ okasOlis [)j:.,.nfm): AJL;.AJ:.O u_é)j:-
b Averages in a row with different superscripts differ significantly (P<0.05).

e R e e L
oS Bl 5 el of & Al Ly,
o edle il Lga PH 2alS gl 1y Lasl 5
e b o Tad aass mlepH s
A5 28 e Ul eSS 0 Ul o sl
S oo e a3 Ll o slad
I8 e en (V) Gl 4083 PH IS
e a1 aaSs b PH ol el o o nl
sxbaepsl s anulil aS Sl 4l 2l
L s LOVA) sl malS Wy sl i a8l
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Table 4- The effect of replacing soybean meal with processed corn steep liquor on the ruminal parameters in
fattening lambs

(cﬁ&i}uéu Mjé)a.x.ié)}bé@)igl.ﬁ;'-c]ad

P-value SEM Processed Corn steep liquor levels (diet dry matter Parameters
percentage)
100% 75% 50% 25% Control
0.0001 0.014 6.27° 6.31° 6.34° 6.47° 6.50°  pH
: S S gel
00001 0584  5.04° 6567  1041°  14.03°  16.78° (s 02 p S ) SLise
Ammonia nitrogen (mg/dl)
e 6L&:_l.:-| JS g,.]a.l.c
0.9185 0.480 98.75 98.70 99.76 99.71 98.60 _ i _
(volatile fatty acid concentrations)
0.9655 0.368  62.33 62.56 62.58 63.26 62.59 (Acetic acid) ot
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0.0001 0.009  0.20° 0.22¢ 0.25° 0.27° 0.30° (Iso-valeric acid) s s 5!
= sl
0.4151 0.002  0.386 0.385 0.395 0.380 0.381 TERIA R :

(Ratio of acetate to propionate)

Unit of volatile fatty acids in m mol/ml

A dsede DA bl d

Al e Ao s 0 da.ﬂ)z)bd‘.u S s kamsglis O gt a s alie 8 by >
b Averages in a row with different superscripts differ significantly (P<0.05).

by adlonsS L o500 a3l 3 L o (55513
53 &3 ol 03558l L oS (g 5ba 25513
G313 o (P11 0) 3L alS o
o Dbl 05580 L ol S s+ ol S
ol g 9 S g Ol 3L RS
3 Sl e Gl L 5 Ol S b
53 b dlS L 5Kl asille b L sl (50 3
Bl S e e
Loodd e o slasl 5l 0B ass )l
xlizal (SIS Sisladend Ctle o ol <Lt
3ygme odd dr sp bl pl ol S
L5853 (70) L35 oo w3 5 4,5 13 e s

)Y

Sl & bse mls 109 Sn G 9 T
35 O3 Olier 5 Geos Slide 185 Ol
Ll odd oals LGS 0 J s 53 ol atLs
Sliie 5l Se a1 Olgee ok ) @ a5
oS Sl e YD) 5y
N s Sliie Clor s @ JS 5 (68155 sen
aSs 3 el atle o Sos B p Ol 5 4100
(P<e/i0) 23 8 15 ilesl slae o 3l o
Gl mhw 13IL ol 285 055 %5 Ol s
S Ly 3Kl alle b L sl (55503 3
5> et A5 S VTl Al 6 s g

O3 ol 035508 5L s Oltiin S sl



Ko 5 gl R il Cilies gl b bguw AlloS w3l ol i1

Oy Slossl 03558 5 4 mle SLigel 035,20
el ol s L sanl Sl by e
S5 Sl Aoy A 5N e T o
33 V) ol Slme s o 53 03l Sl &
ol @Lﬁ\fw.;b o5y eolel Oz
oS a3 Sl 055381 L 0555 ol w32
o gl 5 Ol esliul 5oysl Lot o& pLiS
LagteslS o 53 ¢S5k 55 .8 40 50 o
I el 53 Ko s 2L SEalS ()
A1 530 e S QS i 55 05w
A5 5 SIS s slp 3l 3y Al sladl
S bl 185 .0M) 1S e ol L Dlse 0
S e 3 el e Sl s

YY) b e TR ol

35 B8 e 03 ) e e 55N
oo Slitde S Ao ) T B A syd 5 atils
+olsS 5 Sl Al 35 e ol 1y sl b
S50 BNy 5V BT b 5 S s
() 6,8 e p o5l g Slinie S
Sl el aqdss glagls S b e
S el clale ()3 Ol gol>) @3 5,08
ey o B A ooman s dall lag 5l iy
Ll ol 4 slags U sl Y (551 e
Sl 5 Slosen & e dlis (pl 4 55 5
oAl Lol 5 s BB b Gk eV 50
55 s WS 5 4 e 53 Sl
NG u.:.,j_:.,“):_.:..yc_eb Colg g s Sl s

YL chle 4 Wlg e 05,58 ol & o

Slan ey 295 5o ME 5 63 s DlEte 55 pedd $9l S Db Sl b Lgw dluS 3Kl S6-0 Jgue

Table 5- The effect of replacing soybean meal with processed corn steep liquor on the urinary purine
derivatives and microbial protein supply in fattening lambs
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Parameters

P-value SEM  Processed Corn steep liquor levels (diet dry matter G Jaeds) (olpsl gy oliniae
percentage) . s

Purine derivatives in urine (mmol/day)

100% 75% 50% 25%  Control

0.0001 0.373  7.35° 9.34°  11.00° 1255° 13.55*  (Allantoin) o YT

0.0001 0125 1.22° 177°  224° 275 331  (Uricacid) Sl Al

e d C b a JN‘;M_&”M;
0.0001  0.054  0.95 1.23 1.46 1.69 1.87 _ .
(Xanthine and hypoxanthine)

0.0001 0546 9.53°  12.36° 14.62° 17.00  18.74% _ R S
(Urine derivatives excreted)

00001  0.655 10.60° 13.98° 16.70° 19.56°  21.66° L sasER S
(Purine derivatives absorbed)

. /’ eon L

0.0001 0476 7.70°  10.16° 12.14° 1422 1575 o G leS) oS O3a s
Microbial N supply (gr/d)

. / < <_~4 Lo

0.0001 2979 4818 6353 7589° 88.90° 98.44° O/ 02) 350 3

Microbial protein supply (gr/d)
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b Averages in a row with different superscripts differ significantly (P<0.05)
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