The Effect of different levels of household waste in the diet on performance, nutrient
digestibility, blood parameters and rumen parameters of fattening lambs

Introduction Large amounts of household food waste can potentially be used for livestock feed to
support sustainable food production. Many studies have documented animal performance when fed with
food waste, but given the diversity of household waste in each region, the need to investigate the effects
of consuming these food sources in livestock nutrition seems essential. This study was conducted to
investigate the nutritional effects of household waste in northern Iran on fattening performance,
apparent nutrient digestibility, rumen parameters, and blood parameters of crossbred male Zel lambs.
Materials and Methods In this experiment, 20 crossbred male lambs of 3 to 4 months of age (mean
weight 25 + 1.5 kg) were used in a completely randomized design with 4 treatments and 5 replications
for 70 days, and the effect of different levels (0, 20, 40 and 60% of the diet) of household food waste in
the diet was studied. The diet used (fully mixed) was adjusted using SRNS diet writing software. The
ratio of forage to concentrate in the experimental diets was 30 to 70, and different levels of household
food waste replaced edible items in the concentrate part of the diet. Household food waste, which was
a mixture of pasta, rice, legumes, eggs, fruit peels, chicken bones, salad and various vegetables, was
collected by school students. Daily food waste samples were analyzed to determine chemical
compositions during the collection period. Given that chemical compositions varied daily, their
averages were used to adjust the diet. The lambs were fed individually and had free access to clean
water throughout the period. Dry matter intake, feed conversion ratio and daily weight gain were
measured. To determine the concentration of blood parameters (glucose, triglyceride, cholesterol, blood
urea nitrogen and total protein), blood sampling was performed at the end of the period, one hour before
the morning meal. Rumen fluid sampling was performed in the last week of the experimental period, 3
hours after morning feed consumption using an esophageal catheter, and rumen volatile fatty acids
(VFAs: acetic acid, propionic acid, butyric acid, valeric acid and isovaleric acid) were measured.
Nutrient digestibility was determined by the acid-insoluble ash method. Finally, the results of the
experiment were analyzed with the SAS version 9.1 statistical program using the GLM method.
Duncan's multiple range test was used to compare the mean data at a significance level of 5%.
Results and Discussion The results of the chemical composition of household food waste showed that
the average dry matter was 89.4% and the average crude protein, crude fat, neutral detergent insoluble
fiber, acid detergent insoluble fiber, ash, and non-fiber carbohydrates were 19.56, 11.91, 25.96, 17.75,
11.43, and 27.14% of the dry matter, respectively. With increasing the percentage of food waste in the
diet, body weight decreased (P<0.0001), dry matter intake (P=0.0004) and feed conversion ratio
(P<0.0001) increased significantly. Also, with increasing percentage of waste in the diet, the apparent
digestibility of dry matter (P=0.0020), organic matter (P=0.0006), and ether extract (P=0.0001)
decreased significantly compared to the control group. In contrast, with an increase in the ratio of waste
to feed, digestibility of neutral detergent fiber (P<0.0001) and acidic detergent fiber (P=0.0030)
increased compared to the control group. Concentrations of glucose, blood urea nitrogen, total protein
and serum triglycerides were not affected by the treatments. Higher levels of food waste increased blood
cholesterol (P=0.0020). Levels of 40 and 60% household waste caused a significant decrease in pH
(P=0.0470) and a significant increase in total VFAs (p=0.0249) and total protozoa (p=0.0070) in the
rumen. Also, the level of 60% household waste caused a significant increase in isovaleric acid in the
rumen environment (P=0.0024).
Conclusion The results showed that with increasing level of waste in the diet, WG and FCR up to a
level of 20% was similar to the control, but higher levels were associated with a significant decrease in
WG (linear and quadratic) and an increase in feed intake. These results indicate that excessive amounts
of household waste in the diet can lead to negative consequences, while moderate levels may have
benefits. Of the blood parameters, only blood cholesterol increased linearly and quadratically, while
others parameters were not affected, indicating metabolic safety of the livestock at the recommended
levels. Economic analysis showed that by replacing household waste in the diet, feed costs per lamb
were reduced. Therefore, the use of household food waste up to 20% of the diet, as a cheap and
sustainable source, is completely safe and economical, while maintaining the performance and health
of fattening lambs, but higher levels require caution and careful diet management.
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Tablel- Ingredients and chemical compounds of experimental dietes

Shyes o6l (o 33 22 p) * eiolojl (slalos
Ingredient (%) Percentage in diet

1 2 4
o &b 21.0 14.0 7.0 2.0
Barley grain
o il 14.5 10.0 6.5 2.0
Corn grain
pAS Luga 17.2 13.0 5.0 1.0
Wheat bran
Ly dllous’ 10.5 6.5 55 2.0
Soybean meal
28 i Al 2.5 2.5 2.5 2.5
Beet pulp
hie Slawy 0.0 20.0 40.0 60.0
household waste
PO LTI 4 1.0 0.8 0.5 0.0
Calcium carbonate
Sed 0.5 0.4 0.2 0.0
Salt
Cagi 1.0 1.0 1.0 0.5
Bentonite
Yol S 0.7 0.7 0.7 0.7
Livestock premix
FURWICHT S 1.0 1.0 1.0 0.5
Sodium bicarbonate
b S 0.1 0.1 0.1 0.1
Toxin binder
Suid ax5ig 20.0 20.0 20.0 20.0
Alfalfa hay
25 oIS 10.0 10.0 10.0 10.0
Wheat straw
tbosd oSy (Sis 00bo jl as ) Hlaie
Chemical composition Amount, %DM
(Szs o3le o83k 5 (6 J1K0) pandnlio B (5551 2.43 2.39 2.36 2.32
ME (Mcal/kg)
Sz ol 93.1 93.0 92.85 92.12
Dry matter
Pl oystian 13.35 13.47 13.47 13.65
Crude protein
<5l olas 4.98 5.01 5.10 5.89
Ether extract
S odied 53 Jglouels L) 43.33 42.33 38.33 38.66
Neutral detergent fiber
ol o9 55 Jglorals Y1 29.04 29.70 30.01 30.24
Acid detergent fiber
SiuSls 8.34 9.63 10.47 11.45
Ash
N V- ICH WK ¢ 28.89 29.45 31.72 29.26

Non-Fiber Carbohydrates

w2138 Blown 103 5+ Loy (F g (013 Wlow o pd ¥o Lo (¥ ¢ ohe Sl 2o yd Vo Loy (¥ SB (ghe Sl (9 aals (V jlas’
R pelS 25 VA 2ol oo 51 p Sk 50 B elizg 5V 5 D3 sling lallis a0y Ve A bty alliy 0l 00 idels JoSo jl pSokS 5
CibnS| Bl p)5 ¥ e p)5 Ve gl p)5 V) LS 235V w9y 5 T cme )5 IV el ST 1iSie £ )5 Y i )5 P it p)5 Ve pid S
NFC=100-(NDF+CP+EE+Ash) sl clymg S
Treatment 1) control, treatment 2) 20% household waste in cocentrate, treatment 3) 40% household waste in cocentrate,
treatment 4) 60% household waste in cocentrate.
2Every Kg of supplement contained 500000 IU vitamin A, 200000 IU vitamin D3, 1.0 IU vitamin E, every Kg of supplement
contained 180 g Ca, 90 g P, 20 g Mn, 60 g Na, 2 g Mg, 3 g Fe, 0.3g Cu, 3 g Zn, 1.0 Co, 1.0 Se, 1.0 g I, 3 g Antioxidant
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Table 2- Chemical composition of household food waste used in this experiment

Chemical composition

Sis ools

Dry matter (%)

Pl Oon

Crude protein (%DM)

syl oylas

Ether extract (%DM)

S odizgd 5 ol SLI

Neutral detergent fiber (%DM)
Sl oagd > Joloeal LI

Acid detergent fiber (%DM)
SuS

Ash (%DM)

St glaclamg S

Non-Fiber Carbohydrates (%DM)
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Average
89.4+6.4
19.56+8.5
11.91+6.9
25.96+4.8
17.75+5.3

11.43+3.6

27.14+10.4
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Table 3- The effect of different proportions of household waste on the performance of lambs in different
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performance Experimental treatments nSle Contrast P-value
1 2 3 4 SEM bl b b e

(£)5) 4lis) iy Ll38!
Daily Weight Gain

(P SohS) by Sis oole  1.36° 1420 1472

Daily Feed Intake

Shgs Joks cupd 6.51° 6.93° 7.78P

Feed Conversion Ratio

209.50* 205.50° 189.50°

Treatment Linear Quadratic

181.00° 0.330 <.001 <.001 <.001

1.482 0.002 <.001 <.001 <.001

8.18% 0.028 <.001 <.001 0.998
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*The averages shown in different Latin letters in each row indicate statistically significant differences (P<0.05).
Treatment 1) control, treatment 2) 20% household waste in cocentrate, treatment 3) 40% household waste in cocentrate,

treatment 4) 60% household waste in cocentrate.
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Table 2- The effect of different proportions of household waste on the digestibility of feed nutrients

(30) o ) ialej] (sl los
Experimental treatments

Parameter (%) 1 2 3

Sid oalo 72212 70.82° 68.27*

Dry matter

Sl eske 75.108  73.30°  70.22°

Organic matter

REQENC I 70.55 70.02 69.73

Crude protein

sl oylas 55.788  55.08°  51.15°

Ether extract

S ol y> Jaloeals LI 51.02¢  53.40°  53.85°

Neutral detergent fiber

Sl 0dizgd 53 Jsloeels AL 41.42°  41.37°  42.05°

Acid detergent fiber

3kl (sllas Solaie Sluglie (gyld izo prlasw
nSls Contrast P-value
4 SEM ol S b

Treatment Linear Quadratic
65.09°  0.083 0.002 <.001 0.197

68.16°  0.079 <.001 <.001 0.036
69.21 0.112 0.050 0.003 0.789
50.15°  0.050 <.001 <.001 0.091
57.02¢  0.077 <.001 <.001 0.049

43.69*  0.106 0.003 <.001 0.165
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*The averages shown in different Latin letters in each row indicate statistically significant differences (P<0.05).
Treatment 1) control, treatment 2) 20% household waste in cocentrate, treatment 3) 40% household waste in cocentrate,

treatment 4) 60% household waste in cocentrate.
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Table 5- The effect of different proportions of household waste on the rumen parameters

(J0y3) Clo ' inlojl ol yles 3kl (glas Soleie Sluglde (5 gne pdaws
Experimental treatments Sbe Contrast P-value

Parameter (%) 1 2 3 4 SEM o s s

Treatment Linear Quadratic

pH 6.622  6.69* 6.57* 6.48° 0.025 0.047 0.013 0.512

(i ool pyS o) (Sbigel )55 13.02 12,61 13.30 13.88 0.349 0.650 0.398 0.821

NHs-N (mg/dl)

(i Lo )3 V7 %0lus) Walyse59 20.50° 22.00° 25.00% 26.50? 0.86 0.007 0.001 0.789

Protozoa (x10° ml?)

() Jse o) S o glanel Js 49.66°  53.45%  60.46% 62.27¢  1.232 0.025 0.002 0.412

TVFAs (mmol L)

(10y3) Sl Sl 51.01 56.74 53.45 5282 1.571 0.267 0.712 0.156

acetic acid (%)

(10y3) Siimg s Al 2381 2526 30.69 28381 1.450 0.083 0.032 0.298

propionic acid (%)

(oy3) S 52 ol 1528 14.07 1160 12.87 0.637 0.056 0.021 0.089

butyric acid (%)

(10y3) S Mlg ! 2.97 2.90 329 401 0.340 0.229 0.045 0.512

valeric (%)

(1oy3) S g3l pusl 092> 1.01° 096" 1.48° 0.043 0.002 0.008 0.021

isovaleric (ppm)

Sliggy 4 bl 2.43 2.24 174 184 0.193 0.168 0.056 0.478

Acetate/propionate
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*The averages shown in different Latin letters in each row indicate statistically significant differences (P<0.05).
Treatment 1) control, treatment 2) 20% household waste in cocentrate, treatment 3) 40% household waste in cocentrate,

treatment 4) 60% household waste in cocentrate.



5l yieS og)S dad )0 ligmgy 4 cliw! Cowd oS
5355 5 Caplo Mlaws £35 230 ol o8 25, ¥
hasls Hle G slaswl eSS o cwl ausl
I dsl s 53 (Chsgenl 5 Sllggnl )
9poMinS 90)55 9 (GlaeSd glaus] (pgslinels
OWENS ) 15,5 oo cbide cpwlyial 5 o) <0lly
Sl Sblwy  plpls (& Basalan, 2016
OSon o SB Slowy do)d Fe 09,5 53 S llgg]
sl clapn] Cond g lgime Jol pae s 4 cul
plos pol> gl )3 (> o 4 a3l 0g)S cpl 5
L5 Slrop odd (gySoilul laess sl il
b od9a5te 3 ord Lislejl claos b oodd
85 )5 s ol alde .zl 8 Wls cllse
O A cyis) i Dlany jl Cilises ol 435 &S
2 oSl Slyd laie 4 (o) YY 4 VY
@aS PH 2 (s ogine 56 (alSilof] Lol
Ol 38l ol izl (9)Se gy 3tk 5 Sisal
095 b awslie 0 VFA 4 ko j5 0doy )0 (o)l bxe
2 Wlowy 5l o3lizl & (g sy w33l Lt S
O8]y pld 5 o0 Cubll Cuily 0o )d YY U
b)) osmen (Febrianti et al., 2020) aa>
530 o) gy 138 Slowy (gol> glao i 51
QUi 03yl (slogy (glaneSs sl ptalyly o (Ao ¥
Sl mlo y0 18 Oy lasl 5 clale &S ol
2 (2o ¥0) gy s Slowy edaw (2 5V 5
Hussein et ) ¢l il ,Sos sl jlows b duslis
&) 65 3] Slow (ol S 5 oyl ol (@l 2022
2 (16 Sl sz 5 ogsn ooy oo e
26 e85 lo sl ol 86 2 e B 5
28 o
S ol 3

tbordon gloaciuld p chlojl (lales ]
g & e Gl 0 Jo> ) lgn sleoy
Spae sbajless 5 Wl Jlod e )l ne Lol
9 loygl (9rs 9IS clale ) Moy oaiS

Joyd £ aS olaph 0 S lgg il awl e

& Camd g0 stne Gl 05 o3l 02 50 Slowy
£5 5 Olpss (P=2/+47) casb Ko slayles
B3 ooy ) 39290 eSS (Sl pin i & So>
slablyy g PH alex 5l aesls e aSb
(Zhang et al., 2018) 5)i5 » b ;5 VFA
e Slows | (S oS a0 i Slallls 5 p
Coghi |) (ol (295 lalumex A3, Al
5 E55 3 Conl OSmn 53 (S & Jlo 3 S
By g ie G518 ke 15b 0g)See cllad
ol oS ) ol JSWi5 )18 © sl
Sotel bt (e Mg (sGpl Bpae 2l
Noziere,) s> Sl &Y game oS )5 5 (slaess
ol adles )> (Glasser, & Sauvant, 2011
Celo ¥ l8 o glasul IS 5V sackle
4 (Kb (o Slows v (RN 435 5] w
Cglas Slgu gy 4 Oliwl Cons a8 Jbs )3 adel o
ol odalie Cllwgs cauw SO 10l i (o)l sxe
Slg o 435 093 Sl g )LE oz sladel
ol S byl Camex ) Ol I 00
S35 bl s o ol (lgiee 3 g
Yl STyss B pas iolidl 0yl STyed Byuao b
@ e g w3 o0 Gl ) 1E o el Wy
dSpdee EAS)loRts 3 aess pH ials
Tomczak, Samuelson, Jennings, &)
Slygd Bpas cpols islojl ) .(Richeson, 2019
@ Slowws Lo £ g ¥ bojus bodd 4085 slroy
Slgme > Slss (ul e 092 SV (g5 BB b
2o & e [ 4S8 o plasl
G 1 g 40080 (Slg )Sm 9 S5 B e
S lgie 4 el (AP) Clgngn 4 il
oS g0 03l (GleSd a5 £ bl sy
o5 a4 aiie (sl yuess oims i AIP<3 ol )
bl i Mgy saad i Y 5l yiin g Sligwgy
o5 s ol adllas gl (Cheng, 2019) .



Moy iolEl b oaS ob i eayud oy Se
@ 4 Oesdl g Louwsdly U5 (slaidigy ilowy
bodd i slagy 53 jlade op iy § <8l ol 8l
odalie )55 (slaog,S b dwslio ;3 Slowy dopd Ve
QA% S udagy ,d .(Hussein etal., 2022) .
Aoy Voo g B0 o zohw ) sl Kleww
Alap sy Jb 3 sbars s 4 (o5l (05Kl
GElS SH5) o slcdalie » )b
Ramirez-) sl L (wolSsen o Jgyls
lwdly pU pigp elaw (ZURIQa et al., 2014
5 Sl G 0eSgy Sl 5 Chgw Candy Sy
2o g Ol b (glayiss cumdg o Sgoy9m Sl &6
sl 4wl plas Code Cundy p Sse Jelos
Slooy & s Gl gt bl b @l (8
(S Sl (g3l clooys b odd 435 (¢ lgy
glds g 2D (b Wl g (il id Cundg
Sl sy elilol slaoye o ibixe

Gl (olpiiny Zolaw j3 plby Sgbio deol il S

S odaliie g5y dpeelS 5 5 PU (o
A iy Shgs 4 Slewy 20 Cond 42 o Ll
A e )P sebd (8 JeytelS s
JgydS Lo a8 als lis selsie Judoxs ((P=+/++Y)
5 85 ) Slowy oo o ine 5L oo o5
5 P<eleon) Jlogine pos a2)d 9 (s b9, gl
b JgiadS 105 al3dl 5 S 4S g (P=+/+Y)
ool b ol A8 )3 ColS g 9 AF-
OFan 5 loysl 0395 S5 SHIS) (S
aS (P>/00) Ldg b gme gy 8L (S
Slowy ply 3 ooy (Sglio ol osimsyLis
RO PSVEA R T <H
il & Sl ol (315 @ls (ul b 385
b ootd oyl bmj sloslony b ol
Gl (Mo ¥ g Ve O as) dilise clado)d
Dasetal., ) cusly s (Sdplie slaascwlp p
€ie Slows 5ol clooys il )l (2019

syl I S g (Mo Yo g V0 ) gt

G55 ghazulp (KB wlowy cilise lacens 51 =T Joi
Table 6- The effect of different proportions of household waste on blood parameters

(Mo yd) i ' nlojl glales
Experimental treatments

Parameter (%) 1 2 3

(idswd 3 p)S ko) S48 56.00 60.66 54.33

Glucose (mg/dl)

(5 g 13 5 elae) g slS 60/00¢  79/00° 122/00°

Cholesterol (mg/dl)

(g 9> 5 shoe) g el 5 18.66 27.33  20.66

Triglyserids (mg/dl)

(s 3 p5dee) slogg) cjass 2933 26.66  28.33

Urea nitrogen (mg/dl)

(o 3 )5 o) JS obig 6/73 6/86 7.13

Total protein (mg/dl)

s Lol Oluglie (gl gizo pdaw
5 sl Contrast P-value
4 oSle ool ot ks
SEM  Treatment Linear Quadratic
63.66 1.710 0.270 0.398 0.789

119/00°  4.41 0.002 <.001 0.021

19.33 1.770 0.350 0.812 0.156

27.66 1.500 0.120 0.678 0.512

6/80 0.103 0.560 0.456 0.089

(P<e/-0) wzn o dme BN (gl ol 0ab 03l (U5 cglite (Y Gy > b sy 53 &S ooy, Sile®
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“The averages shown in different Latin letters in each row indicate statistically significant differences (P<0.05).
Treatment 1) control, treatment 2) 20% household waste in cocentrate, treatment 3) 40% household waste in cocentrate,

treatment 4) 60% household waste in cocentrate.
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