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1- Carrot
2- Carrot pulp
3- Carrot tops
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Table 1- Ingredients and chemical composition (g/kg diet DM or as stated) of fattening lambs diet containing different levels of

carrot tops for in vitro incubation

(5 0 p55L5 53 25) o3 > oo <l o
Level of carrot tops in the diet (g'kg DM)

She> oMl 0 50 100 150 200
Ingredients

Suis azsig 150 110 70 20 0
Alfalfa hay (dried)

paS ol 100 90 80 80 50
Wheat straw

o 45L5 0 50 100 150 200
Carrot tops

oad Olawl €3 140 140 140 140 140
Corn grain, ground

oxd Oluol g 350 350 350 350 350
Barley grain, ground

bg allois’ 80 80 80 80 80
Soybean meal

pAS e 150 150 150 150 150
Wheat bran

aiobyg G JoSo 10 10 10 10 10
Vitamin-mineral premix

S 6.0 6.0 6.0 6.0 6.0
Salt

o2 Sl S 10 10 10 10 10
Sodium bicarbonate

land S 63 4.0 4.0 4.0 4.0 4.0
Dicalcium phosphate

Chemical composition

(5 0jo) Sis odlo 921 882 843 804 765
Dry matter (fresh weight)

Sl osle 920 918 915 912 910
Organic matter

B Cutigp 135 135 136 135 138
Crude protein

S 0dgd 53 Jaloeel BLII 337 328 318 312 296
Neutral detergent fiber (NDF)

ol 0395 53 ool BLJI 162 155 149 144 134
Acid detergent fiber (ADF)

eudgrlio BB 651 10.7 10.7 10.6 10.6 10.6

Metabolizable energy (MJ/kg DM)
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IVOMD (g/kg OM) = 148.8 + 8.89 GAS + 4.50 CP +
6.51 XA (V) Al
ME (MJ/kg DM) = 2.20 + 0.136 GAS + 0.057 CP +
0.0029 CP? (V) alayl,
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MP (mg/g DM) = mg ADS - (ml gas x 2.2 mg/ml)
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SCFA (mmol/200 mg DM) = 0.0222GP - 0.0042
OrligSil Cels V8 ) ey s 8dg5 S o2 GP ] o &S

1- In vitro Organic Matter Disappearance
2- Apparently Digested Substrate
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Table 2- Ingredient used and their chemical composition (g/kg DM or as stated)"

o S Shes oo g5
Chemical composition Type of feed ingredient
@ Sl e pus o SEM?  P-value!
Carrot tops Alfalfa Wheat straw
(5 or39) St o3lo 160° 936 946 9.55 <0.01
Dry Matter (fresh weight)
Jodlo 850° 902° 904 9.76 0.04
Organic matter
. . a a b
P gy 132 146 322 597 0.03
Crude Protein
S 0kugd ) Joloel LI 280° 408° 717 7.87 <0.01
Neutral Detergent Fiber (NDF)
Sl 035 5> Jgloali BLI 230° 334° 463° 8.56 <0.01
Acid Detergent Fiber (ADF)
oSl 65.4¢ 78.6% 86.5° 2.72 0.02
Lignin

.(P<~/~b) B (gl gixe gl S0 L d)l‘] Sl glite g b (gla ko ciy3) o ) !
"Means within same row with different superscripts differ (P<0.05).

2Standard error of the means

2553 i plise (23S 5 @ (oelisSSI LB Ag () 25
SiJl5ed Glas > iz (P<4/+0) 10,5 sdalin puiS o5
il 25 g gug b dlidpw g 4 o0s s (61 e BB
&5 o35 e Il sl g Sis oole 5l S Glise e
b 205 oUsS )l oy sladsad § Sligel cble quudplio LB
135 Jols paiS ol )3 gl liee (i ytaS 5 i (sl
Lo (9580 gy i Oljwe cnyidi iz 2 (P<e/-0)
Cuwd &y pAS ol )3 ol (liee (35S g g L (gmlisSIl
8,55 58 Sles o3l g9 15l cow pH lise (P<+/+0) Lal

S ader las 5l cal oad 0l L ¥ Jada 0 oS (gebailen
lacSlhs s s 6 aine (Lol B3] Cilies eloloj 5o
V8 o) gmmebiaSl adgl (slalaj 5 cdly sy otales]
o g Sl GerlisSil b 0y S5 o oyt (el
JoB e b @ Lol cusls a6 b (g ne B3] a8 sol o
(P<e/20) 392 S oS 5l yider (s
Lo 5LS 0y oliee cnpidin c0gmlisSil sl VY lej
135 Juols paS ol 33 ol e (28 g 4isy (geeslisSSl
OsebigSl gl plej ol )3 55 W5 lie (o yiden (P</+0)
5 (0) sl 355 5 0oelisSSl 0LL) csls A2 9 VY FA sy
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Table 3- Fermentation parameters of experimental diets using in vitro gas production technique

She o g5
Jes dl—m‘\?:cm‘ o Type of feed ingredient _ SEM2 P-value!
Fermentation parameters od 4Ld 4oy pAS oS
Carrot tops Alfalfa Wheat straw
3 5 slanilp
Gas Production (GP) Parameters (ml)
el V8 g 58 27.7° 26.9° 10.4° 0.97 <0.01
GPat16 h
ceelo V¥ a5 518 46.6° 53.5° 21.4¢ 1.76 <0.01
GP at24 h
el YA g5 58 58.3% 58.6 32.3° 2.33 <0.01
GP at48 h
Ceelos VY g0l 58 60.1° 63.6° 35.5° 2.31 <0.01
GPat72h
sy 5 S 62.9 65.3 39.4° 2.39 <0.01
Total GP
5 g Jawily 63.4° 66.8 42.2° 2.42 <0.01
Potential of GP (b)
e .o a a b
JLgEWARY 0.06 0.07 0.04 0.002 <0.01
Rate of GP (¢)
o33 (gladoeinl b
Fermentation Parameters
IVDMD? 61.1° 63.9° 36.7° 2.22 <0.01
IVOMD* 64.1° 65.8" 38.4° 2.44 <0.01
e glio BB (5551 7.38 7.94° 5.63° 0.013 <0.01
Metablizable Energy (MJ/kg DM)
pH 6.13 6.23 6.31 0.09 0.26
Sgal 39555 15.5° 16.1° 11.2° 0.43 <0.01
Ammonia-N (mg/dl)
JUCSTRS X S JE I TN 1.89° 2.02a 0.69° 0.07 <0.01
Short Chain Fatty Acids (mmol/g DM)
955w gy 1332 1142 95.7° 5.51 <0.01

Microbial Protein (mg/g DM)

(P<e140) aiily o 1o)3 B o D I cime BN oimd s alie b gy b Lindy pa (sl y Sl
"Means within a row with different superscript letters are different (P<0.05).

2Standard error of the means
3In vitro dry matter disappearance
4In vitro organic matter disappearance
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Table 4- Fermentation parameters of experimental diets containing different levels of carrot tops
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Fermentation parameters Level of carrot tops in the diet (g/kg diet) SEM? P-value!
0 50 100 150 200

By laaselyd

Gas production (GP) parameters (ml)

el V8 g 58 383 353 37.5 39.4 37.3 1.97 0.34

GPat16h

el Y g 55 58.4 60.5 59.5 60.2 59.4 2.04 0.43

GPat24h

celo YA g 58 75.6 76.6 75.4 74.4 77.6 2.11 0.41

GPat48h

o VY g 58 84.6 83.8 85.5 82.9 84.7 2.43 0.53

GPat72h

ey 5 S 89.5 88.7 86.5 89.7 88.6 3.33 0.56

Total GP

5 g Jewily 922 92.1 89.8 91.2 90.8 3.45 0.34

Potential of GP

JEWARY 0.07 0.06 0.08 0.065 0.06 0.003 0.26

Rate of GP

055 gadoniwld

Fermentation parameters

IVDMD 64.6 65.5 65.7 66.1 66.3 1.67 0.32

IVOMD 67.5 67.8 67.9 68.1 68.3 1.88 0.38

e gplie BB (g5 8.77 8.80 8.79 8.81 8.85 0.287 0.54

Metabolizable energy

pH 6.26 6.28 6.17 6.22 6.14 0.087 0.28

Sbgel (59505 17.8 17.5 17.1 17.2 16.5 0.98 0.46

Ammonia-N

20550665 )13 G slaiul 3.56 3.52 3.49 3.55 3.44 0.22 0.23

Short chain fatty acids

@950 xSe 345" 351" 361%™ 365 375 767 0.03

Microbial protein

SSE g o 3.56 3.48 3.55 3.61 3.59 0.067 0.28

Partitioning factor

(P<e40) aiily o 1o)3 B o D I cime BN oimd s alie b gy b L,y (sl y Sl
"Means within a row with different superscript letters are different (P<0.05).

2Standard error of the means
3In vitro dry matter disappearance
4In vitro organic matter disappearance
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Introduction® Animal husbandry is one of the most important agriculture sectors, and with increasing

population; demand for animal products has been increased. Currently, due to shortage of water and feed
resources as well as increased compete for production of food between human and animals, cost of animal feeds
has been enhanced considerably. The global price of feed ingredients such as corn, wheat, fish meal and soybean
meal has increased by 160, 118, 186 and 108%, respectively in the previous years. Thus, in this situation, using
agro-industrial by-products in the ruminant diets could reduce feed production costs and also improve
profitability. Whole carrot tops (WCT) are one of such agricultural byproducts. It remains after harvesting the
main product (carrot) and could be used as silage for animal nutrition. Crude protein (CP), crude fiber, ash,
nitrogen free extract, Ca and P contents of WCT has been reported 144, 25.1, 151, 189, 493, 24.3 and 7.7 g/kg
DM respectively. In another study, WCT contained 11-12% CP, 17% crude fiber and up to 18% ash due to
residual dirt. Leaves in WCT have more nitrogen and ash but lower fiber content compared to stems. Due to
phenolic content of WCT, using it in ruminant nutrition may be improves rumen protein metabolism via binding
dietary CP content. WCT replacing 50% of berseem hay in the diet of Rahmani sheep increased nutrient
digestibility. Adding WCT up to 20—30% at the expense of Trifolium alexandrium hay in growing rabbit rations
improved growth performance and feed conversion efficiency. However, higher levels (67 to 100%), replacing
clover hay in the diet, depressed the performance of growing rabbits. There are a few reports about investigating
the nutrition value of WCT as a new by-product in animal nutrition. Therefore, this study was conducted to
evaluate chemical composition, in vitro gas production (IVGP), fermentation parameters and nutrient
digestibility of WCT compared to alfalfa and wheat straw (WS) using IVGP technique. Effects of different
dietary levels of WCT at the expense of forage potion up to 20 % of dry matter (DM) were also investigated
using IVGP technique.

Material and Methods This study was conducted in animal house and laboratories of Lorestan University.
Two Lori sheep (about two years old) with permanent rumen fistula were used as rumen liquor donor in present
work. A two-week diet adaptation period was followed by collection of the rumen contents from each sheep
before the morning feeding. Four complete carrot plants were collected during October 2017 from commercial
carrot field in Share-Kord city (Iran). At the first part, chemical composition, IVGP and fermentation parameters
of WCT were determined compared to alfalfa and WS (totally three treatments). After that, different levels of
WCT including 0, 5, 10, 15 and 20 % of DM (five treatments) were replaced with forage (alfalfa hay and WS)
portion of diet and incubated in vitro using IVGP technique. Dry matter, CP, ash, neutral detergent fiber, acid
detergent fiber and lignin were measured.

Results and Discussion Results showed that CP content of WCT was significantly higher than WS, but it
was comparable with alfalfa. At 16 h of incubation, highest and lowest volume of GP was observed by WCT and
WS, respectively (P<0.05). However, highest and lowest GP at other incubation times, potential (b) and rate (c)
of GP, DM, organic matter (OM), estimated metabolizable energy (ME), ammonia-N concentration and short
chain fatty acid (SCFA) production were noted by incubation of alfalfa and WS respectively (P<0.05). Highest
microbial protein synthesis (MPS) was observed by incubation of WCT and lowest amount was for WS
(P<0.05). By inclusion of WCT up to 20 % of diet, except for MPS which was increased significantly (P<0.05),
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other IVGP and fermentation parameters were unchanged among dietary treatments (P>0.05).

Conclusion In conclusion, results from the present study indicate that WCT has potential nutritional value to
be used in ruminant diets at up to 20% DM without the risk of digestive disturbances. Its nutritive value was also
higher that wheat straw while it had a comparable CP content to alfalfa. However, further in vivo studies are
needed to validate the benefits of introducing such a by-product in ruminant nutrition. Further studies such as
determining potential anti-nutritional factors, as well as the mineral profiles of WCT, will be of great help for
optimizing their incorporation in animal nutrition.

Keywords: Carrot tops, Digestibility, Fermentation, Gas production, Nutritive value.



