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Introduction: Many agricultural by-products are relatively high in fiber and are particularly suitable for feeding
ruminants. Fibrous by-products have a smaller particle size than most forages, but can have a higher energy value
than most forages, due to their high fermentable fiber content. The use of non-forage fiber sources can have a
significant effect on the protein components of the diet. Tomato pulp is a by-product of the paste industry, which,
depending on the processing method and characteristics of raw tomatoes, contains varying proportions of skin,
seeds, and small amounts of tomato flesh. In Iran, about 81,000 tons of wet tomato pulp are produced annually,
which can cause environmental pollution. The present study was conducted to investigate the effect of different
levels of tomato pomace powder (TPP) on ruminal fermentation parameters and growth performance of Holstein
calves.

Materials and Methods: This experiment was carried out using 30 Holstein calves (average weight: 39.7+0.2
kg) based on a completely-randomized design with 3 treatment groups including 10 individual pens per each dietary
treatment. Dietary treatments consisted of 1) pelleted starter (control group), 2) pelleted starter + 7.5% TPP, 3)
pelleted starter +15% TPP. Calves were fed 4 liters of colostrum in the first three days of life, 5 liters of milk twice
daily from 4 to 50 days of age, and 2.5 liters of milk once daily from 50 to 55 days of age. Milk replacer
consumption was stopped at 56 days of age in all calves. Calves had free access to water and starter feed from 3
days of age. Calves were kept in individual stalls on straw bedding, and bedding was changed and cleaned daily.
The health of the calves in the present study was continuously assessed daily for the occurrence of diarrhea,
pneumonia, and bloat. The possible effect of treatments on the health of calves was assessed daily for all calves in
terms of fecal scores. Rumen fluid was sampled using an esophageal tube and a vacuum pump about 3 hours after
morning feeding. Blood sampling was done with the help of vacuum tubes, at the ages of 35 and 70 days, from 6
calves in each treatment, 3 hours after morning feed. The obtained data were analyzed by SAS software and Mixed
procedure. A significant level of P<0.05 was considered.

Results and Discussion: The highest rumen pH after weaning was in the treatment containing 15% TPP, and
this treatment showed a significant difference compared to the control treatment (P = 0.009). The treatment
containing 15% tomato pomace had the highest and the control treatment the lowest rumen ammonia nitrogen
concentration (P=0.04). According to the results, the concentration of ammonia nitrogen at 70 days of age was
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affected by the treatments (P=0.05). It seems that the simultaneous consumption of tomato pulp and pellet diet
increases the flow of saliva to the rumen through more initial chewing and then earlier rumination, resulting in more
urea released through saliva, which caused an increase in rumen ammonia nitrogen.The treatment containing 15%
tomato pomace had the highest and the control treatment had the lowest number of lymphocytes among the
treatments (P < 0.05). In this study, the stool score of calves fed tomato pulp in the starter diet (higher fiber content)
was lower than that of the control group (low fiber content). It is likely that diets containing tomato pulp, due to
their high fiber content, influenced chewing activity, rumination, and salivation, thereby contributing to an increase
in rumen pH. In contrast, the reduction in pH observed with the pellet treatment may be attributed to the heat
generated during the pelleting process, which accelerates starch degradation in the rumen. This, in turn, leads to
faster and greater production of volatile fatty acids, accompanied by a reduced absorption rate of these acids.

Conclusion: The presence of tomato pulp in the pellet diet reduced non-nutritive behaviors and increased the
time spent on feeding actions such as rumination and eating. Regarding health indicators, tomato pulp consumption
led to an improvement in fecal score compared to the control treatment. Blood analyses performed in this study
showed that the 15% tomato pulp treatment had the lowest serum cholesterol and LDL levels. Given the high
lymphocyte count in the blood of calves consuming tomato pulp, lycopene and vitamin C in tomato pulp can have a
positive effect on the immune system of Holstein calves.
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1- High-Density Lipoprotein (HDL)
2- Low-density lipoprotein (LDL)
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inlel slao e NDFADF 59 (il =Y Jgu
Table 3- Protein, ADF and NDF concentration in experimental diets

(Siis 03ls o yd) oximd JSuis —odlo Jals

4565 A5 Lo y> V/0 &8 Al 1oy VD

Composition (% of DM) Control  Tomato pomace: 7.5%) Tomato pomace: 15%
ofon 20.50 20.80 21.10

Crude protein

S oz 53 Jlorels s 12.80 14.20 17.90
Neutral Detergent Fiber

Sl 09 > Jolonel 6.50 7.80 9.00

Acid Detergent Fiber

il 6y Sodllug 5 Slos (S5 jherss Al 5t -€ Jgoa
Table 4- The effect of tomato pomace on the performance of Holstein dairy calves

b jlos
Treatments®
(ool Jals YAZIN 730 o slas Yool e o
Parameters Control 7.5% 15% SEM P-value?
) “’-J?', 39.56 39.84 39.90 1.60 0.97
(pSsks) 0% gy Initial
Body weight Weaning (s, s 70.97 72.48 75.09 2.12 0.16
k .
ko) @;L“‘ 82.57P 86.11% 89.202 2.23 0.02
Final
xSy 3 S
de et 0.551 0.564 0.606 0.03 0.06
s 035 43 Before weaning
(390 2 £5) After 5,5
S5 e jl
Average Gaily  weaning 0.824P 0.921% 1.0382 0.07 0.02
gain (g/day)  ropqy 4, s 0.607 0.636" 0.7012 0.02 0.005
Shygs B pao ‘;’? » 3 d ) 0.519P 0.572P 0.6542 0.03 <0.0001
Z 1 erore weanin
2 pSskS) il e g
(95 b 1.79 1.98 2.02 0.15 0.29
. After weaning
Starter intake oyso JS
(kg/day) 'Fétal 0.774¢ 0.854P 0.9222 0.03 <0.0001
o S J 2 1.08° 1.14° 123 0.03 <0.0001
SBrae Sis ol Before weaning
(o ppSsks)  SxSmd i 1.79 1.98 2.02 0.15 0.29
Dry matter After weaning
intake (kgfday) e, JS 1.22¢ 1.30 1372 0.03 <0.0001
Total
She et 25> S5 0.476 0.453 0.471 0.02 0.64
Feed efficiency  Total

4568 A& 1o VO b ol 50l aals oS Al duoyd VIO b o 35l sald (cddy) sals 095 1 ol o iay bayles

il oo Mo yd gy (63 xe o jd (onlojl (sliylet I cime VB 3gmg oimd L5 s, b 2 C D @ By
1 The treatments include: control group (pellet), control replaced with 7.5% tomato pulp, control replaced with 15% tomato

pulp

2 Different superscripts in each row indicate a significant different between treatments (P<0.05).
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inlofl elylogs il o il 53 il (e a3l el il
sl lly g SlySgmgnl «lgngn cdale  (o)ls gne il
bl b pre a4 bl Gligngyn 4 cliwl cows (P>+/+0)
Cos (Sigy Ve 0y lysg cdale (P=+/0A) ol L 093 oy
ol Jlado oyt 5 (P=+/+01) 8515 (otalofl slolos 55T
Dy dJl Lo > VO 4 by jlade o yieS 5 dald 0y 4 bosye
A& 0oy V0 Hles 5518 oy ladwl S cdale oy iy dals
Lajloss o (65l smine O Lol caily |y o oy j2aS dogS
(Castells et al., 2013) -, Kan g 3kus (P=+/0Y) s osnlie
s Gl 18] g 0y B s IR o 538 G558
Iy sl S clale bl s clysy g Slgngyp 4 ol
ol cldlas Uy gillas dal, cpped )3 .cdly ials awSs
LS 3 an S i 20310 938l S llly g Slig ol
Yuangklang ) ol,Kes 5 SOMSSL adllas jo a8l ials ey
LS sl (S janss s s o5l (et al., 2007

il Sl s Oy sladl clale ) gre 5 Lgw

g98ae 0 a0

J=8 )3 ggde oSl 48 s L (B g ) odelcanday guls
g (P=o/+¥) eS8 inlojl lalass b o (55 b |
3L 4 o 558 5o 005 (g8 B Jol (slo o
Lojloss i (o3 s SWST (365 50 5l dms 0)53 )3 il
I ol sl jlos (g3ae Jlas 5l ais ja (P=+/VA) s samlie
5 55 Lo @l b illas Al (g ya8 g9da 0)05 (S5 84255
L35 allogS 3 ggbi oye o X35 GBS (YY) o Ken
Col 0397 ;568 BLIIGS & s Bl (3l STys L ot
sladluwgS £9800 003 35 adllae oyl )5 .(Porter et al., 2007)
(PYLs b (lsieo) (Ll Sygs o ansS dlis L srdbepdss
aallas §3 .l 035y yiaS (b yud (sloiome) Jalis 05,5 4y o
ashd sy diwg 5l ealazwl (Porter et al., 2007) o, Sen 5 )5
0y dgeke crge Al bl )3 (gladsle il pud aite s
25 bl godie

5 slact pilis
LadlwgS S sbedglio clale 3)90 53 sdalcuwdt zls
0l o3l LS Y ooy calisee (slajlos 4y bgsye 0y93 90 53
Py JoyualS clale a8 conl odd asuiie gl 4 do g b ol
ol 4 )S 1,5 ilesl slamoygd 1l coow bl 65
(P =-/Y)

Slasass asle pH
L oandandss sbdllugs 4wasls pH 5:5ke & by po gls
L ol o ooly (L5 & Joao )3 (5o, Vo u0 (cdulejl slano s
3l ) 48 PH &8 15,5 asuie sdalcwdd gl 4 dg
Cb S8 talejl slales U5 oS ((Sg) Vr) 65 b
Jols Jlod 33 (6365500 3l e 5> 4SS PH (0 5L (P= </ +A)
dald ds Cows |y (gl pme glds jlawd ol 5 gy AleS duo p> VO
O ol mime glds 093 oyl 4D puoed. (P=+/+ ) 0l oL
PH (P=+/-Y) ey 5925 adlas a0 > V/B Jolis jlows ¢ dals
9 4aSd 8 oy ladl cullyy 5l wdgi I Jols 4wl
00955935 9 (3l32) B S8l ( Sligel gyt cale wlisY
$SpansS Ay gols (glalow ol Jleinl 4 ol glaess
ezeis ey cullad yy oS Slatwilgs AU (YU (glgixe Judoa
PH (iali 8l any yomie g 0l 35,30 gl a5 ol Juida
Sl 3l b ey jlas o PH ials (ioran L0 4eSl
ceel g ol 03,5 by (gilweds anl B flos 3 s a8 ol
Sl ySm e Mg 5 aeSS > anlis jile 5 e 45
S 8 oy el i gals Gl s s o
alls 13 Lo gyl Uy g .(SUATEZ et al., 2007) 1_sl o
zokbw (3Kl (Tahmasebi et al., 2001) ) Kon ¢ owlogl
S PH il el 0 3Pl (sl 25 A5 cilsen

sl gule (SLgol (3595 il

2 Stogel oot chle @ Joix )3 3290 gl 4 d2gi L
Susyiso 5 & (P +/00) B 15 ajles b cow (S, V-
haeSs  Glp Ol oy 5 4205 S lojen Bpae o5
m OB 395 gt (5l e g i gl g sk ]
il el a5 o Sl 515 b 5 oyt 0y9) A )> wmd
L s-blse .(Gasa et al., 1988) ais aweSis  Sligal )59y ,
» (Yuangklang et al., 2007) . ,)LSen 5 SOMSSL Lo ol
by adbuiS gl (Syhanss Sid Al (ol S ()
9> Slojgl 039 Loyd oSl (Sligel il 45 23,5 osalie
oy ) (A sS A polaw (il L gde g 41yl (5o ks
2,8 il 58l

JA esp slassul clile
€y s Lajles 18U coos (Sigy Ve clil clale
@ a8 dg YL Al 0o yd VO ol Jles 3 ol Hlde g (P=+/-¥)
La)los (5l 52 o s Camlo g g8 5y 35 o>
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Table 5- The effect of tomato pomace on ruminal fermentation parameters of Holstein dairy calves (mmol/L)

b Lo
Treatments
lodocinl B Jals AN YA Sl ollas ¥ 5 gre gl
Parameters Control 7.5% 15% SEM P-value?
4S5 pH 5.21 5,542 5,61 0.11 0.008
Rumen pH
e Sl el 7.040 8.374 9.48 0.89 0.05
Ruminal ammonia nltrogen
bl 38.05b 42 46% 4518 2.49 0.04
Acetate
Lo 4175 40.19 39.23 2.50 0.62
Propionate
g 2 Sl o 0.96 1.05 1.15 0.09 0.08
Acetate: propionate
et 18.672 11.36° 9.69 1.94 0.001
Butyrate
Syl 0.41 0.36 0.34 0.05 0.36
Isobutyrate
<l 4.20 3.92 3.80 1.14 0.96
Valerate
B sl J5 il 180.87 172.75 162.18 15.96 0.52

Total Volatile Fatty Acids
S50 oS Al 1o > VO L ol 0l a5 yhan g3 i s y> V/B L ol 350l aals () sald 09,8 1 Jolds cud pay alas’

Ll oo Moy g (6> sime o y3 (oalojl (olaylass o I3 cime OS] D9 g odimd Ui iy a3 C D @ gy
1 The treatments include: control group (pellet), control replaced with 7.5% tomato pulp, control replaced with 15%
tomato pulp
2 Different superscripts in each row indicate a significant different between treatments (P<0.05).

s (5 slodlasS \pshae 55l 5 (S pensS dlis 35— Jgaa
Table 6- The effect of tomato pomace on fecal score of Holstein dairy calves

"o los
Treatment”

do yo 1nls AR 7\ o gllas Tl ne
Stage Control 7.5% 15% SEM P-value”

YRE
5 ) 1.422 1.080 1.26° 0.03 0.004
Before weaning

¢ i
8 e J 1.13 1.12 1.07 0.03 0.28

After weaning

(S 9 woS 9o (uﬁaj B (o> Sl weSge ‘Ui.ﬂ ¥ ‘Ui,\‘l G s Jos b Blo v (Jloy )
(S sS dlis 303 10 b oddion Sols Mals oS dlis duoy> VIO | o o 50ls Al () s 09,8 : Jolis oy ooy ¥
Al o duoyd gy 6yl e gra )3 oatle] slajlass oy I ine VB! dgag odimd i i3y b, C D @ g |
11: normal, 2: smooth to loose, 3: loose to watery, 4: watery, mucous, slightly bloody, 5: watery, mucous and bloody.
1 The treatments include: control group (pellet), control replaced with 7.5% tomato pulp, control replaced with 15% tomato pulp
2 Different superscripts in each row indicate a significant different between treatments (P<0.05).

Uy s JgyiedS gelaas caisly Lt o sl o (et al., 2007 Lo o9 pyms JgyinedS clale dnallugS s 5 b |
OISy py JosidS 3 (28l cpl bloe Sl o ORIF KhAN ) pllSen 5 b b b 3lge ol cpl ol 4Bl ials
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O Lilisl L as ol 45155 (Khan et al., 2007) 1S

me b e (LS Lol (s s ymmalS (65 oliee dmdllngS
=85 Ol AlwssS o ]38l L as ol Las (Moini, 2014)

bge (I3l s py s pudlS

b b 18 gy (bl ) oy o 48 ol e o
9 48 o Bl (93 1) e JgynadS culply g 35
A8 el S s GRIEIL sl YU oy Jg S oo
Ol 93 ) Jg il Bl oy ol 9 wbee Gl
Py prnalS 65 Bl bl oyl py Jg S e g il
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Table 7- The effect of tomato pomace on blood metabolites of Holstein dairy calves

Treatment?

_ o aals YAYA )l::.o d\k& rd)bu;m a.]a.m
rded J*")I“‘”‘““ Control 15% SEM P-value?
Parameter (mg/dl) 35 70 70 s 20
Py Jaels 98.72 7516 8547 7083 8072  56.33 9.30 0.01
Cholesterol
sSSP 2500 19.00 1983  17.90 1620 1530 1.90 0.14
Triglyceride
b sl b (o555 5516 4966 56.83 5283 5966 5583 2.60 0.07
HDL3
E*Sli_f*’“"b b ool 37.20 2256 3420 1857 3381 1541 2.10 0.01

S pansS Al 103 V0 b ons i sSls wali nsS Al toy V/0 b sndiy Sl anld () wals 09,8 1 ol Cui ey oo

Al o Juoyd gy 6yl e grhaw )3 oalo] slajlass I ine VB! g2 g odimd i i3y b dC D @ g |
1 The treatments include: control group (pellet), control replaced with 7.5% tomato pulp, control replaced with 15% tomato pulp
2 Different superscripts in each row indicate a significant different between treatments (P<0.05)
3 High Density Lipoprotein, Low Density Lipoprotein

Ot 22 ) Comgl 2 cp ol s g (p YL (S pansS i
I eyl 93 ngSd 48 21 3929 (SLSIS iz il lajles
sl sl 48 (159,25 30810 31y sl Wl o (55,8
. (Shi & Maguer, 2000).=5" coles g g0 (Joko S yo 9 olis
S pagS i )3 390290 C (el g (98 o duy o0 Yo 4
b pliils gladluwgs ool piuww p (e 50 Ailgh o

Al

S5 S5 domai

by ElS e oy Kt S5 S A5y
sluis Jlsl ey Bpas loj G ili8l g glais e sl
slopasli L alaly 3 s (93)55 9 (0,5 )lyuid (gren
E9BLe 00 Dandy Ay yomie S (50,84565 Al U pas ol
2y Liss ik opl 3 osdbpll Seb (ola bl i aals 4 s
LDL 5 e s (i wdnsS s 503 10 o o5
O35 3 Camgiid s (390 YUy d dagi Ly g [ 1)
cpeling 5 sl (Std S yidensS a5 oS b e (slnallngS
i 1 Giato 86 WIS o StS (K5pensS dlis )5 39250 C

09 py HDL aw o conl 0 asulo bt 4 <2y b

WP = +/oV) cd,5 53 ilojl ooy b cov baallugs
HDL ljse daallosS o (yial33l b g sl 6l sme & biles
oS sl 0sd pasidio @l & 4095 b .ol Sials ol @ pyw
I oiolol slaoygd 15l cov dllugS g5 pyw LDL clale
LDL cobalé LadllugS iy oyad 5k b g (P=+/+1) cul 48,5
e @l L 3¥lse @l ol ool 4l 20l o] 55 p
o ballogS cpo Gil38l b xsls b)l55 oS 34 (Moini, 2014)
Y0 3l oy LDL (ials g, b oo il gl 93 oy LDL
YL cbale pae &5 55 ang jobo cnl Gl ) (Sigy Ve U
O 5 IS0 Jo S wlie e 0l sbml dluwgay Jg s
oy 59y Soad s By 5l ol ol il s 4 Jglo
Db oo ol LDL (slaoki pS s (59) (rizpd 9 jwgn sl
Jsbow gdaw looxs S (il G pyw Jopls (1ol plple
d9dee 9 P55 e JILDL (8, LS cnlply o LDL
Friedman et al., ) sob o [ialsS ppw LDL 500 doui )3 4
slroys 15U coos Lacawgad) slasi yialejl ol 5> (2000
o3 VD Jols ylagi oS syt P 1+0) €85 )3 tnlos]
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