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Article Info ABSTRACT
Article type: Background and Objective: Soybean meal is typically rapidly
Research Full Paper degraded in the rumen; its current price (56%) is higher than that of

meat meal, and a major portion of it is imported into Iran. On the
other hand, significant amounts of meat meal are produced in the
country's livestock and poultry slaughterhouses. This study aimed to
investigate the effects of replacing soybean meal with meat meal on
growth performance (weight gain, feed conversion ratio, and dry
matter intake), rumen fermentation parameters (pH, ammonia
nitrogen, and total volatile fatty acids), protozoal population, and
blood parameters in Mehraban lambs.

Article history: Materials and Methods: In this study, 28 male Mehraban lambs (4
Received: 21/6/2025 months old, average weight: 36.20 kg) were fattened for 72 days (14
Revised: 21/7/2025 days for adaptation and 58 days for the experimental period) with
Accepted: 2/8/2025 two different concentrate-to-forage ratios (60% concentrate and
40% forage for the first 25 days, and 70% concentrate and 30%
forage for the remaining 33 days). The lambs were randomly
assigned to four treatments with seven replicates per treatment in a
completely randomized design and housed in individual pens. The
experimental diets included: 1) a basal diet (containing 10%
soybean meal and no meat meal—control group), and 2) second,
third, and fourth treatments: basal diet with 25%, 50%, and 100%
replacement of soybean meal with meat meal, respectively. The feed
in the first fattening period consisted of 40% forage and 60%
concentrate (higher protein, lower energy), while in the second

gfg,\/\wltﬁrg;formance period, it consisted of 30% forage and 70% concentrate (lower
Meat meal protein, higher energy). Lambs had free access to their daily ration,
Protozoal population which was distributed at 8:00 AM, 2:00 PM, and 7:00 PM. Growth
Rumen fermentation performance (total weight gain, daily weight gain, dry matter intake,
Soybean meal and feed conversion ratio), rumen fermentation parameters (pH,

ammonia nitrogen, volatile fatty acids), protozoal population, and
blood biochemical parameters (glucose, triglycerides, cholesterol,
urea, albumin, and total protein) were evaluated. Methane
production was also estimated using equations.
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Results: The results showed that replacing soybean meal with meat
meal had no significant effect on growth performance but led to a
16% reduction in meat production costs (P<0.05). In the first month,
lambs receiving 5% meat meal (277 g/day) had a higher daily
weight gain (32 g more) compared to the control group (244 g/day)
(P<0.05), although higher temperatures (above 25°C) in the second
period reduced feed intake. Consequently, the feed conversion ratio
in the second period was 5 units higher than in the first period. The
rumen pH remained stable throughout the study. Ammonia nitrogen
levels decreased significantly with meat meal supplementation
(P<0.05) and were even lower in high-concentrate diets (P<0.05).
Total volatile fatty acids remained constant overall but increased in
the first period (P<0.05), while methane production (P<0.05) and
total gas output (P<0.05) were lower in meat meal-supplemented
groups compared to the control. Replacing soybean meal with meat
meal significantly increased the dietary metabolizable energy
(P<0.05). Rumen pH in live animals and gas test results were similar
across all four treatments. A comparison of fermentation parameters
between the first and second periods showed that rumen stability
was achieved in the second period, with no differences among
treatments. Except for ammonia nitrogen, all fermentation indices
were higher in the second period compared to the first (P<0.05). The
protozoal population was not affected by protein source but
increased with higher concentrate levels in meat meal-containing
diets (P<0.05). Throughout the study, only blood cholesterol levels
increased with meat meal consumption (P<0.05).

Conclusion: Meat meal can confidently replace up to 5% of
soybean meal, resulting in a 15% reduction in meat production
COsts.
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Tablel. Ingredients and chemical composition of the experimental diets in first period of lamb fattening

Treatments L5 Ingredients (As3) oy |52
100% 50% MM 25% MM* Control
MM
15.00 15.00 15.00 15.00 Alfalfa g
25.00 25.00 25.00 25.00 Wheat straw S oS
31.00 31.00 31.00 31.00 Barley e
0.00 5.00 7.50 10.00 Soybean meal U goe S
10.00 5.00 2.50 0.00 Meat meal il
6.00 6.00 6.00 6.00 Wheat bran LS g
8.70 8.70 8.70 8.70 Poultry manure S
0.30 0.30 0.30 0.30 Urea o3l
1.50 1.50 1.50 1.50 Sodium bicarbonate AL oS
0.50 0.50 0.50 0.50 Bone Meal Oyl 34
2.00 2.00 2.00 2.00 Mine_rals and vitamin wplyy e JoSo
premix
(Ao 3) slers s 5 Chemical composition%
95.93 96.07 95.87 95.53 Dry matter Kis ole
75.99 75.13 76.85 75.57 Organic matter Slesle
19.94 20.94 19.02 19.96 Ash Sl
15.73 15.51 15.23 15.64 Crude protein P S
6.15 5.36 4.34 4.64 Ether Extract P
39.63 39.58 39.58 39.53 NDF oy 55 55 Jlmali b
20.35 20.37 20.39 20.42 ADF oy 55 55 gl
Skl
9.81 10.40 10.02 9.28 ME (Mj/KgDM) Sy St g B 5550

Vitamin and mineral premix supplied per kilogram of diet: vitamin A 85000 IU; vitamin D3 27500 IU and vitamin

E 2800 IU.
*MM: Meat meal
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CH4 (yg) = 3.96 (+1.18) +0.561(+0.130) x DMI

(kg/d)
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LS 5 el GP (M (J 558 m
5D pb s edas 0l CP ml 2] )
odasolis EE 4 (gr/KgDM (it osle pf,k:s
sl oSS 1 ,8) (b 22) 51 ) A

(HC )L‘u‘)cjlul..v.s) o éJ—AJ)\}J-J r}) 6595 )3 ﬁlﬂ)]élﬁ:f Ls..l‘l.:-ﬁ.:.n; vﬁsf”}@)l Jb.a—‘ JJJ\>

Table 2- Ingredient and chemical composition of the experimental diets in second period of Lamb fattening

Treatments L

Ingredients (Ae,5) oo 1321
100% MM 50% MM  25% MM Control
10.00 10.00 10.00 10.00  Alfalfa i gy
20.00 20.00 20.00 20.00  Wheat straw o kS olS
49.00 49.00 49.00 49.00 Barley e
0.00 5.00 7.50 10.00  Soybean meal b oS
10.00 5.00 2.50 0.00 Meat meal S e,
2.00 2.00 2.00 2.00 Wheat bran ISy
5.00 5.00 5.00 5.00 Poultry manure Fr i3S
0.10 0.10 0.10 0.10 Urea o
1.50 1.50 1.50 1.50 Sodium bicarbonate AL oS
0.40 0.40 0.40 0.40 Bone Meal Oyl 534
2.00 2.00 2.00 2.00 Minerals and vitamin premix Lol s Gdre oS
(Ao 3) sless LS 5 Chemical composition%
95.93 96.07 95.73 95.93 Dry matter Sis osle
73.90 75.12 73.81 73.95 Organic matter Sl ole
22.03 20.95 21.92 21.98  Ash Sl
14.24 14.39 14.42 14.03 Crude protein pL s
6.43 3.43 3.34 4.07 Ether Extract o
36.06 35.57 35.75 35.77  NDF S oy 5 53 Jslmal b
16.75 16.60 16.72 16.74  ADF Sl oy 5 3 Jlual b
10.40 10.99 10.72 10.58  ME (Mj/KgDM) sty W (550

Vitamin and mineral premix supplied per kilogram of diet: vitamin A 85000 IU; vitamin D3 27500 IU and vitamin E

2800 I1U.

NDF: Natural Detergent Fiber; ADF: Acid Detergent Fiber; ME: Metabolizable Energy
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Table 3. Proximate analysis (%) of the meat meal.

Dry Basis Component
S esle ol =l ke LS 5
94.65 ST DM
56.80 R ) CP
23.52 o3 EE
25.73 o3 Ash
57.00 Syed o SN0 3 /0555 S e TVN

DM: Dry Matter; CP: Crude protein; EE: Ether extract; TVN: Total volatile nitrogen.
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Table 4. Comparison of the effects of meat meal levels on growth parameters in Mehraban lambs 58 d.

_ P value SEM Treatments Growth Parameters

Time Treatments 100 50 25  Control Kg
- 0.800 1.05 3480 3570 38.00  36.30 Initial weight sl 035
- 0.747 1.14 4730 49.70 50.30  49.90 Final weight sl s
- 0384  0.487 1161 1395 1221  13.65 Total weight gain s 055 %15

S Wl U5 LRl A

0.627 0.395 10.49 0.200 0.240 0.210 0.234 W
Aaverage daily gain (g)
0.001 0.791 0.726 918 816 944 855 Feed conversion ratio . . >
0.001 0.064 0.075 1.89° 1.97* 203 205 DMI/Day s ae Sist osle
- 0.033 218.0 6297° 6351° 7936°  7548° El(Toman)sstas! axLs

295 10 ol e 4 Ly adluS 10) 100 5 (S S 535 1,0 ol e a0 by S 10V) UY0 (S 35 Tt 5 L S IV 0) dali 65 8
il Sl sl slas SEM AW o 5LiS ((HC) Ve ¢l o 5LsS ((LC) T (@t S 55 10 oot & bpow oS 70) TN 00 s o(0i S
Sz osle G ae DMI 61y 5 s s (FCR il355 035 (2531 ADG ¢ IS 055 )50 :(Total G) IS

Control treatment (10% soybean meal and 0% meat meal); 25% (7.5% soybean meal plus 2.5% meal meal) and 50
percent (5% soybean meal plus 5% meat meal); and 100% (0% soybean meal plus 10% meat meal).; 60 (LC); Low
Concentrate; 70 (HC) High Concentrate; SEM: standard error of the mean. Total G: total gain; ADG: average daily
gain; FCR: feed conversion ratio; DMI: dry matter intake.

Do OA 9 Y0 555 0Lk 53 Ol ge sae s A, 5 Shes  C2 58 35 SWasles il anylin =0 Jgi
Table 5. Comparing the effect of treatments of meat meal levels on growth parameters of Mehraban lambs.
Statistics Index Treatments

Time/day Growth Parameters

P value SEM 100 50 25 Control

0.168 16.79 175.70  277.00  230.00 244.70 25 (LC)

0.995 11.64 22490 218.60 219.30 226.00 58 (HC) ADG (gr/d)
0.165 0.447 0.145 0.651 Sig

0.015 0.0242 1.377 1.508 1.507 1.576 25 (LC)

0.693 0.0347 2.413 2.516 2.474 2.522 58 (HC) DMI (Kg/d)
0.001 0.003 0.001 0.001 sig

0.358 0.855 10.522 6.795 7.057 7.045 25 (LC)

0.902 0.629 11423 12589 12.691 12.233 58 (HC) FCR
0.725 0.165 0.008 0.040 Sig

335 10 Lol w g oS 10) Ao 00 5 (258 L35 1V,0 3Ll a0 Lges oS 10V) 7Y0 (i S S5 10 5 b oS 1)) dali 058
o, 5LuS «(LC) A cks (Gl g C;:;le ole siasOlid ol 5 4 Y 5 ) (slae s (S sS jog 1)y Wlil a4 Lgo S o) TV 0 s (el S
bl g Sler 5l 5ka skl slast SEM YL o 5Les (HC) Ve ¢S

Control treatment (10 percent soybean meal; zero percent meat meal); 25 percent (7.5 percent soybean meal; 2.5
percent meal meal); 50 percent (5 percent soybean meal; 5 percent meat meal) and 100 percent (zero percent soybean
meal; 10 percent meat meal). Period 1 and 2 are the first and the second month of fattening, respectively; SEM
standard error of the mean of the four treatments.
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Table 7. Comparing the effect of meat meal levels on parameters of fermentation in Mehraban lambs
divided into two periods and comparison of two periods.

Statistics Index s L Treatments Time/day Fermentation Parameters
P SEM 100 50 25 Control Gy ) Obes P IR
value
0.037 0.164 5.75° 5.80° 5.96% 6.29° 25 (LC) pH pH
0.741  0.157 7.78 7.84 7.85 7.67 58 (HC)
0.002  0.001 0.001  0.040 Sig
0.001  1.936 71.92°  76.30°  70.98°  107.6° 25 (LC) NH; Stsel 0555
0.001  3.77 65.05° 68.03°  69.068°  73.09° 58 (HC)
0.001  0.001 0.411  0.001 sig
0.025  5.662 155.00° 130.00®° 133.00° 96.00° 25 (LC) VFA I e sl
5
0.986  6.170 96.00  82.00 90.00  102.80 58 (HC)
0.042  0.016 0.049  0.651 sig
0.012  0.0421 473 4.80° 481°  4.84° 25 (LC) CHy (& e g3 s
1)
0.609  0.0189 5.31 5.38 5.35 5.37 58 (HC)
0.001  0.001 0.001  0.001 Sig
0.001  0.049 2.95° 3.63° 3.66°  3.51° 25 (LC) CHy (& i g3 s
2)
0.001  0.078 2.91° 3.49° 3.85° 377" 58 (HC)
Sig

Control treatment (10 percent soybean meal; zero percent meat meal); 25 percent (7.5 percent soybean meal; 2.5
percent meal meal); 50 percent (5 percent soybean meal; 5 percent meat meal) and 100 percent (zero percent soybean
meal; 10 percent meat meal). Period 1 and 2 are the first and the second month of fattening, respectively; SEM

standard error of the mean of the four treatments.
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Table 8. Comparisons of the effects of meat meal levels and sampling time on protozoa populations
(Nx10°ml) in rumen of Mehraban lambs

395 SS % 5es Olas Lajles 5355,
P value °’_5 e 555
SEM Sampling Time Treatments Protozoa
Tim  Treatment 58 (HC) 25 (LC) 100 50 25 Control
0433 0.799 35.44 423312 481.792 431417 450583 409.958  509.250 Total protozoa
0.448 0.676 34.65 384.550 435.146 371875 433.375 368.458  465.833 Entodiniinae
0399 0018 0.562 1783 0.8958 0000 00833 09167 43182 Ophryscolecinae
caudatus
1.00 1.00 0.000 0.000 0.000 0000 0000 0000 0000 Ophryscolecinae
porkingy
0.017 0.002 0.0205 0.000° 0.0833° 0.1667°  0.000°  0.000° 0.000° Diplodiniinae
0.464 0.153 7.046 41.861 35.458 51542  17.833  27.792  57.182 Epidiniume
0.303 0.165 0593 0.482 6.000 3875 4001 7167 6182 Isotrichdae
0.131 0.184 0.622 6.046 4208 3792 3958 5625  7.227 Dasytrichdae

Control treatment (10% soybean meal and 0% meat meal); 25% (7.5% soybean meal plus 2.5% meal meal) and 50
percent (5% soybean meal plus 5% meat meal); and 100% (0% soybean meal plus 10% meat meal). Periods 1 and 2
represent the first and the second months of fattening, respectively; 60 (LC); Low Concentrate; 70 (HC) High

Concentrate; SEM: standard error of the mean of the four treatments.
3353 10 3Ll 4y b g IS 10) Loy 00 5 (i 58 5o AY,0 wbls) 4y g S 1OV) 70 (i 58 5o 70 5 Lger alleS 7)) dald o5 S

o, 5LS «(LC) A ces (gl g (‘J:JJJ. sle eiasilid i 5 0 ¥ 5 ) oo, (i S o 1)y ol o Lgo S 1) Ve s (e S

bl g e 5l 5Ska skl slast SEM YL o 5les (HO) Ve ¢S

Yo



EXT ANy D)Lo.a.:} AY 0,93 ‘utf.ws)lpw » uﬂhs).i

Do OA 5Y0 55,5 0LL 55 Ol e slae 4 I)ﬁ)f__ Sz p (6,845l Ol 5 S S 550 il duslie =4 gl
Table 9. Comparisons of the effects of meat meal levels on protozoa populations (Nx10°ml) in Mehraban
lambs individually for two fattening periods and their comparison.

Statistics Index Treatments LsLos (Td'g; Protozoa
Pvalie  SEM 100 50 25  Control s oles RRERE
0.059  63.299 342.250 382.333 343.833 704.000 25 (LC) Total protozoa
0.142  54.328 502.333 536.833 476.083 377.400 58 (HC)
0.08 0487 0026  0.002 Sig
0070  62.109 287.417 351.250 307.500 630.167 25 (LC) Entodiniinae
0248  51.231 456333 515500 429.417 301.200 58 (HC)
0121 0455 0058  0.001 sig
0.014 0.478 0000 0.1667 0.000  3.417 25 (LC) Ophg;’ﬁ‘é‘:tics'”ae
0099  0.326 0.000 0000  1.833  5.400 58 (HC)
1.00 0175 0363  0.444 sig
1.00 0.000 0.000 0000 0000  0.000 25 (LC) Ophggi‘li?r:‘;‘;'”ae
1.00 0.000 0.000 0000 0000  0.000 58 (HC)
1.00 1.00 1.00 1.00 Sig
0001  0.038 0333 0000 0000  0.000 25 (LC) Diplodiniinae
1.00 0.000 0.000 0000 0000  0.000 58 (HC)
0.025  1.00 1.00 1.00 Sig
0532  11.164 49.167 15.000 22.416  55.250 25 (LC) Epidiniume
0381 12,542 53.9017 20.667 33.167  59.500 58 (HC)
0.885 0763 0279  0.620 Sig
0.088  1.0307 3167 4083 9750  7.000 25 (LC) Isotrichdae
0981  1.1350 4583 4917 4583  5.200 58 (HC)
0.242 058 0050  0.583 Sig
005  1.052 2416 2083 4167  8.167 25 (LC) Dasitrichdae
0783  1.123 5000 5500  7.083  6.100 58 (HC)
0.043 0008 0226  0.832 Sig

Control treatment (10% soybean meal and 0% meat meal); 25% (7.5% soybean meal plus 2.5% meal meal) and 50
percent (5% soybean meal plus 5% meat meal); and 100% (zero percent soybean meal plus 10% meat meal). Periods
1 and 2 represent the first and the second months of fattening, respectively; 60 (LC); Low Concentrate; 70 (HC) High
Concentrate; SEM: standard error of the mean of the four treatments.
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Table 10. Comparisons of the effects of meat meal levels on blood parameters in Mehraban lambs in the

different treatments with low and high dietary concentrate levels.
Sampling Time

P value day Treatments L L.s Blood Parameters

SESREFR PRIy

Tim  Treatment SEM 58 25 100 50 25 Control G Slaemd
(HC) (LS

0557  0.201 1.30 2963 3113 29.09 2839 3500  29.05 BUN (mg/dl)

0.223 0.048 3.37 46.72 5461 62.94" 5352° 48.49"°  36.54° Cholesterol (mg/dl)

0.087  0.235 12.92 286.04 328.89 338.30 32334 29281 27311 Triglycerides (mg/dl)

0.007  0.058  0.980 60.74  65.74 5895 6450 64.02  64.28 Glucose (mg/dl)

0510 0607  0.163 1048  10.28 10.63 1051 1030  10.09 Total protein (g/dl)

0.434 0.627 0.131 7.67 7.88 7.77 7.64 8.04 7.56 Albumin (g/dl)

Control treatment (10% soybean meal and 0% meat meal); 25% (7.5% soybean meal plus 2.5% meal meal) and 50
percent (5% soybean meal plus 5% meat meal); and 100% (0% soybean meal plus 10% meat meal). Periods 1 and 2
represent the first and the second months of fattening, respectively; 60 (LC); Low Concentrate; 70 (HC) High
Concentrate; SEM: standard error of the mean of the four treatments.
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Table 11. Comparisons of the effects of meat meal levels on blood parameters in Mehraban lambs in the
different treatments with low and high dietary concentrate levels.

Statistics Index

ol il Treatments L Lo Time (day) Blood Parameters
Pvalue SEM 100 50 25 Control 385 0l S sl b
0.096 26.33 27.28 3451 3117 25 (LC) BUN (mg/dI)
0.646 31.85 29.50 32.66 26.92 58 (HC) O el 035 %5
0.045 0.165 0.319 0.889 Sig
0.061 4955 67.19 6490 3562 25 (LC) Cholesterol (mg/dI)
0.024 61.08 47.43 41.08 37.27 58 (HC) Js s
0.802 0.282 0.811 0.994 sig
0.035 337.00 30520 289.22 267.65 25 (LC) Triglycerides (mg/dl)
0.367 27535 29491 29641 277.48 58 (HC) &S (5 5
0.118 0.298 0.727 0.651 sig
0.220 63.12 6585 67.73  66.50 25 (LC) Glucose (mg/dI)
0.144 54.78 63.60 60.30 65.50 58 (HC) S,
0.412 0.229 0.013 0.708 Sig
0.220 10.28 1111  10.05 9.66 25 (LC) Total protein (g/dl)
0.516 1099 1001 1056  10.43 58 (HC) I oSz
0.282 0.249 0.473 0.260 Sig
0.860 780 774 787 812 25 (LC) Albumin (g/dI)
0.301 774 756 825 7.12 58 (HC) ol
0.265 0.127 0.559 0.002 Sig

Control treatment (10% soybean meal and 0% meat meal); 25% (7.5% soybean meal plus 2.5% meal
meal) and 50 percent (5% soybean meal plus 5% meat meal); and 100% (0% soybean meal plus 10%
meat meal). Periods 1 and 2 represent the first and the second months of fattening, respectively; 60 (LC);
Low Concentrate; 70 (HC) High Concentrate; SEM: standard error of the mean of the four treatments.
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